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PRESENTATION MODALITY INTERACTS WITH THE
EFFECT OF VISUAL PERCEPTUAL STRENGTH ON
WORD PROCESSING'

Abstract:The aim of this research was to investigate the effect of visual perceptual strength
across abstract and concrete words, as well as its relation to the modality in which the word
is presented. Based on Perceptual Symbol Theory and previous findings, we hypothesized
that visual perceptual strength will be negatively correlated with processing cost and will
have a stronger effect when there is congruency between the presentation modality and
the modality by which the concept denoted by the word can be experienced. These predic-
tions were tested on abstract and concrete nouns which can be experienced only by visual
perceptual modality. In both word groups the level of visual perceptual strength varied on
a continuous scale. All groups wof nouns ere presented both in a visual and an auditory
lexical decision task. The results revealed no main effect of visual perceptual strength and
an interaction between visual perceptual strength and presentation modality. This interac-
tion revealed that the effect of visual perceptual strength was present only in the visual
lexical decision task, as expected. However, the direction of the effect was opposite to the
one predicted. Additional analyses located this effect only to the case of concrete words.
While the observed results can only partly be interpreted by Perceptual Symbol Theory,
they contradict predictions of amodal theories.

IThis research is funded by the Ministry of Education, Science and Technological
Development of the Republic of Serbia (grant numbers: 179033 and 179006).
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Key words: visual perceptual strength, congruency effect, visual lexical decision, auditory
lexical decision, perceptual symbol theory, grounded cognition, concreteness effects, ab-
stract concepts, concrete concepts.

1. Introduction

For a long period of time scientists have been discussing in what way
our conceptual knowledge is represented and organized. The theories ac-
cording to which conceptual representations are amodal have long been
dominant in cognitive psychology (Tulving, 1972; Smith & Medin, 1981;
Fodor, 1975; Pylyshyn, 1984). According to these theories, sensorimotor
experiences are translated into amodal conceptual representations, such as
feature lists or a semantic network. These amodal conceptual representa-
tions bear no systematic resemblance to perceptual experiences based on
which they were formed and they are connected with them arbitrarily (the
same way words are connected with the concepts they denote). So, for ex-
ample, the word flower bears no resemblance to the concept of flower which
it denotes (thus, for example, flower could be called grel, which would not
change its characteristics). In the same way, according to the theories of
amodal conceptual representation, the amodal representation of the con-
cept of flower bears no systematic resemblance to the perception of that
object. Amodal symbols which represent concepts in the absence of percep-
tion are stored in a system which is separated from the perceptual system,
while these two systems function by different principles (Barsalou, 1999).
On the other hand, nowadays there is an increasing amount of evidence in
favour of the existence of a modality-specific system where our conceptual
knowledge is stored. This idea was proposed for the first time by the Dual-
Coding Theory (Paivio, 1991), in which Paivio presumed the existence of
verbal and nonverbal symbol systems in which our conceptual knowledge
is stored. According to this theory, abstract concepts have only their verbal
representation, while concrete concepts are dually coded and they have both
their verbal representation and visual, auditory or some other kind of repre-
sentation within some other modality, depending on the modality by which
the concept can be experienced. Nowadays, one of the leading theories,
according to which conceptual representations are modality-specific, is the

162



Presentation modality interacts with the effect of visual perceptual strength on word processing

Perceptual Symbol Theory (Barsalou, 1999). According to this theory, con-
ceptual representations (so-called perceptual symbols) are based on physi-
cal (perceptual) experience with what the concept represents, so the concept
activation actually implies simulating the concrete experience. Simulating
of the concrete experience refers to the reactivation of the patterns of ac-
tivation which were present during the physical experience with the given
concept. According to this theory, perceptual symbols are represented in the
same system as the perceptual states which created them.

According to the perceptual symbol theory, perceptual symbols ac-
tually represent records of neural activations which underlie perception
(Barsalou, 1999). Each type of symbol is stored in the corresponding brain
area — visual symbols in the visual area, auditory symbols in the auditory
area, proprioceptive symbols in the somatosensory and motor area, etc.
Findings in the field of cognitive neurosciences supported this view. Thus,
for example, a damage in the visual brain area causes difficulties in pro-
cessing categories which are specified by visual characteristics such as, for
example, the category of birds (Barsalou, 1999). Furthermore, experiments
conducted with healthy participants (PET studies) have shown that in the
naming task, the visual area is highly active while naming animals, whereas
the motor area is highly active while naming concepts from the category of
tools (Pulvermdiller, 1999). Gonzalez and colleagues (2006) discovered in
one of their studies that passively reading words which denoted smells or
were smell-related (for example dill) led to increased activation in the pri-
mary olfactory areas. Similar finding have been demonstrated for the visual
domain by Simmons et al. (2007) in a property verification task. Here, de-
ciding about the colour of an object (e.g. 4 banana is yellow) activated the
areas in the visual cortex that were activated in the colour perception task
(left fusiform gyrus). Finally, studies conducted by Goldberg, Perfetti and
Schneider (2006) have shown that the verification of various stimulus char-
acteristics, such as colour, sound, touch and taste, activated the correspond-
ing cortical areas which are related to coding visual, auditory, tactile and
gustatory experiences.

Difterent objects (concepts) in the world around us can be experi-
enced by one or more different senses. The fact that a certain concept (ob-
ject) can be experienced by a certain sensory modality can be considered to
be a characteristic of the given concept, just like its shape, colour or texture.

163



Dusica Filipovi¢ Burdevié, Jelena Karapandzic¢ and Jasmina Arsenijevi¢ Mijalkovié

This characteristic can be called “modality presence” and it is one of the
characteristics of concepts which will be studied in this paper. Thus, for
example, the concept of rainbow has only one sensory modality — visual,
since this concept can be experienced only by sight. The concept of noise
can be experienced only by hearing, so it has only auditory sensory modali-
ty. On the other hand, some other concepts have a larger number of sensory
modalities as they can be experienced by several senses — simultaneously
or separately. The concept of rooster, for example, can be experienced by
almost all senses — we can see it, hear it, touch it, smell it and even taste it.

In a previous study (Zivanovié¢ & Filipovi¢ Purdevié, 2011), which
focused on modality presence (modality specific perceptual strength) as a
characteristic of concepts, we examined processing effects of the congru-
ence between the sensory modality through which the concept can be expe-
rienced and the sensory modality of word presentation (visual vs. auditory).
It was shown that such congruence led to the facilitation of word recogni-
tion in the lexical decision task. Words which denoted concepts that could
be experienced only by sight were processed faster and more accurately in
the visual lexical decision task (in which stimuli were shown visually, on
a computer screen), than the words which denoted concepts that could be
experienced only by hearing. On the other hand, in the auditory lexical de-
cision task (where stimuli were presented auditorily), words which denoted
concepts that could be experienced only by hearing were processed faster
than the words which denoted concepts that could be experienced only by
sight. This finding was interpretedin the light of the perceptual symbol the-
ory (Barsalou, 1999): a word which represents the given concept activated
perceptual simulation of the concept; perceptual simulation of the concept
is based on physical experience with the concept, which involved reacti-
vation of the neural pathways which were activated during the experience
with the concept. For this reason, words were recognized faster (in the lex-
ical decision task) when they were presented in the modality by which the
given concept can be experienced than when they are presented in some
other modality. Therefore, this finding presented further evidence in favour
of the thesis that conceptual knowledge is stored in a system which is mo-
dality-specific, and that conceptual image activation is connected with reac-
tivating the patterns of activation which were present during the experience
with the concept. This interpretation is in accordance with a view presented
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by Connel and Lynott (2012b) who stated that the process of modality spe-
cific perceptual stimulation would incur processing cost within that modali-
ty if it occupied attention to the extent that there would be no resourses left
for modality specific simulation. Unlike that, if modality specific perceptual
stimulation only directed attention without occupying resources (as was the
case in Zivanovi¢ & F ilipovi¢ DPurdevié, 2011), then a facilitation etfect
would be observed.

The largest number of studies which have provided evidence in fa-
vour of modality-specific organization of conceptual knowledge dealt with
concrete concepts. Explaining representations of abstract concepts has been
a challenge to modality-specific theories for a long time. Abstract concepts
are defined as concepts which are not entirely physically or spatially de-
fined (Barsalou & Wiemer-Hastings, 2005) and which, therefore, cannot be
experienced by senses, so we could say that they do not have any sensory
modalities. The question is how abstract concepts are represented, or to
put it more precisely, how their representation is explained by the theories
which presume the reactivation of neural pathways which were activated
during the perception of concepts. The perceptual symbol theory (Barsa-
lou, 1999) provided an explanation which is based on the representation
of abstract concepts via perceptual symbols (just like the representation of
concrete concepts). According to this theory, perceptual symbols can rep-
resent any aspect of experience, including all five sensory modalities, pro-
prioception and introspection, and not only the experiences which come via
senses. Representations for introspective experiences, i.e. perceptual sym-
bols for introspective experiences, are developed in the same way as the
representations of physical experiences (Barsalou, 2009), and such percep-
tual symbols are crucial for the representation of abstract concepts. Namely,
abstract concepts are represented by complex simulations which include
physical, social and introspective elements. When participants are given
a word which denotes an abstract concept, a perceptual simulation of the
specific situation in which that concept appears takes place. Both concrete
and abstract concepts are always represented within a context, a situation,
and not isolated. When abstract concepts are represented, according to mo-
dality-specific theories, the aspects which are crucial for a certain abstract
concept are selected against the background, i.e. the context of the entire
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event, and are mostly represented by perceptual symbols for introspective
experiences.

As already mentioned, abstract concepts are defined as concepts
which cannot be experienced by senses, which are not physically defined.
However, while preparing an experiment for one of the previous researches
(Zivanovi¢ & Filipovi¢ Purdevi¢, 2010), a contradiction in the participants’
responses (ratings) was observed. On that occasion, various types of par-
ticipants’ ratings for the words used as stimuli in the experiment were col-
lected. Among other things, the participants were asked to rate the general
concreteness of the concepts denoted by the given words, and to rate in
what degree the concepts could be experienced by each sense. All ratings
were performed on a seven-point scale. Unexpectedly, some words which
were rated as abstract during general concreteness rating (score below 4
on the concreteness rating scale), were rated as having a modality on other
scales (when the scales were separated by modalities and when participants
rated in what degree a concept could be experienced by each sense). In
other words, what would traditionally be considered as an abstract word
was rated as if it could be experienced by a certain sensory modality, for
example, as if it could be seen to a certain degree (so we would say that it
has visual modality). Therefore, there was a discrepancy between general
concreteness rating and sensory-modality specific rating. A similar finding
has been reported by Connell and Lynott (2012). These findings led us to the
following question: Is the presence of modalities a categorical variable (it
can/cannot be seen, it can/cannot be heard, etc), as we have considered it so
far, or is it actually a matter of degree? Our hypothesis was that the presence
of modality can be considered to be a continuous variable — something can
be seen more or less, more or less clearly, more or less obviously, with more
or less difficulty, and that as such it influenced word processing. Something
that has been rated as “more visible” (or it is observed by sight more easily)
on the rating scale from 1 to 7 will be more quickly and more accurately
recognized in the lexical decision task than something that has been rated as
less visible or something that cannot be seen. Therefore, we would predict
facilitatory effects of visual perceptual strength.

In this paper, we will focus only on the words which can be experi-
enced only by sight in various degrees (starting from 1—it cannot be seen at
all to 7 —it can easily be seen), but we will presume that the findings could be
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generalized to other senses as well. Thus, the group of words used as stim-
uli in this research covered the entire range of the concreteness scale (from
abstract to concrete words) and the entire range of the visibility scale (from
words denoting concepts which could notbe experienced by sight at all and
could not be experienced by any other sense, to those denoting concepts
which could easily be experienced by sight, but could not be experienced
by other senses). Therefore, the presented group of words included abstract
and concrete words which could be experienced by sight in various degrees.
All words were presented to the participants both in visual modality (in the
visual lexical decision task) and in auditory modality (in the auditory lex-
ical decision task). Based on the previous findings (Zivanovi¢ & Filipovi¢
Durdevi¢, 2009; 2011), it is expected that the contribution of the presence of
visual modality (i.e. visual perceptual strength) would be greater in the case
of visual stimulus presentation than in the case of auditory presentation.
As mentioned, it has been shown that congruence between the modality
which the concept has and the modality inwhich the word denoting the giv-
en concept is presented facilitated word processing. Visual presentation of
words would highly activate the visual area, which would enable the fastest
recognition of words denoting concepts with visual sensory modality, the
perceptual symbols of which are stored in this area. Therefore, according
to the Perceptual Symbol Theory, a word which refers to a certain concept
would activate the perceptual symbol of that concept which is stored in
a specific brain area. If there is an overlap of neural pathways by which
the information about the concept is received and of the pathways which
would be activated by activating the perceptual symbol, the word recogni-
tion would be faster. This would be possible due to the fact that there would
be no specific engaging of modality-specific attention (that would leave no
resources for perceptual simulation), but only modality-specific attention
directing (Connel & Lynott, 2012b). Thus, it could be expected that a higher
degree of presence of a congruent modality would have greater influence,
i.e. that a higher degree of presence of a congruent sensory modality would
enable easier and faster activation of the perceptual symbol of that concept.
Therefore, we predicted that facilitatory effect of visual strength would be
stronger for visually presented words than for words presented auditorilly
(i.e. we predicted interaction between presentation modality and visual per-
ceptual strength).
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To summarize, based on theories of grounded cognition (e.g. Barsa-
lou, 1999), we predicted facilitatory processing effects of visual percep-
tual strength. Crucially, we predicted interaction between visual perceptu-
al strength and presentation modality, with the effect of visual perceptual
strength being strenger for visually presented words. This interaction could
not be accounted for by amodal theories (e.g. Fodor, 1975), which presume
that concepts are translated into amodal symbols which bear no resem-
blance to perceptual experiences based on which they have been formed
and which are stored in a system which is separated from the perceptual
system. Hence, according to these theories, the characteristics of the con-
cepts should in no way influence processing of words that denote them, or
the modality in which those words are presented.

2. Experiment

Our research consisted of two phases. In the first phase, a norming
study was conducted in order to collect subjective ratings of several charac-
teristics of the stimuli. In the second phase, we conducted visual and audi-
tory lexical decision task experiments.

2.1. Method

2.1.1. Participants

One hundred and thirty-two participants took part in the first phase of
the experiment (21 rated general concreteness, 24 rated familiarity, 86 rated
per-modality perceptual strength). They were all native speakers of Serbian,
either students at the Department of Psychology at the Faculty of Philoso-
phy in Belgrade or final year students at the Secondary Medical School in
Pozarevac. Additional 56 participants took part in the experiments (29 in
the visual lexical decision task and 27 in the auditory lexical decision task).
They were all students at the Department of Psychology at the Faculty of
Philosophy in Novi Sad and Serbian native speakers with normal hearing
and normal, or corrected to normal, vision.
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2.1.2. Stimuli

We selected 189 Serbian nouns (Appendix A) in the nominative sin-
gular and 189 pseudowords to be presented in the experiments. In the first
phase of the research we collected concreteness, familiarity, and per-modal-
ity perceptual strength ratings for the full set of selected nouns.

General concreteness ratings were collected by instructing the par-
ticipants to say to what degree it was possible to experience what the word
denotes by the senses (to what degree something could be seen, heard, smelt
or touched), i.e. they were asked to rate to what degree the given concept
was concrete or abstract (number one meant that the word denotes some-
thing that cannot be experienced by the senses, e.g. patriotism, and number
7 meant that the word denotes something which can easily be experienced
by senses, e.g. rooster). The words in the questionnaire were in alphabetical
order. General concreteness ratings were collected from 21 participants.

Familiarity ratings were provided by 24 participants. When rating the
familiarity of a word, the participants were asked to estimate how familiar
they were with the word, i.e. how often they had come across the given
word (number 1 meant that they were not familiar with the word, i.e. that
they had never come across it before, while number 7 meant that partici-
pants had often come across the given word). The words were arranged in
alphabetical order in the questionnaire.

Concreteness by modalities was assessed by asking the participants
to estimate to what degree the concept denoted by the word can be expe-
rienced by one particular sense (for example, to what degree it was possi-
ble to see something); number 1 meant that the word denotes something
which cannot be experienced by the given sense (e.g. chirp if the possibil-
ity of experiencing by sight is rated), and number 7 meant that the word
denotes something that can be experienced by the given sense very easily
(e.g. peach). This procedure resembled the one previously used (Connel &
Lynott, 2012a; Lynott & Connell, 2013; Zivanovi¢ & Filipovi¢ Purdevi¢,
2010; 2011). Ratings were performed for sight, hearing, smell, taste and
skin senses (skin senses included touch, pain, warmth, but also various so-
matosensory information). The questionnaires were designed based on the
Latin square design, so that one participant rated the presence of only one
modality for one word (but all participants saw all words and rated all mo-
dalities). Therefore, there were five different groups of questionnaires (dif-
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ferent groups of words for different modalities) with three different random
sequences within each group of questionnaires.

The nouns presented in the experiment were selected so that they
covered the entire range of the general concreteness scale (from abstract
nouns, for which it was established based on the participants’ ratings that
they cannot be experienced by the senses, to concrete nouns) and the entire
range of the scale of visual modality presence (from concepts which cannot
be experienced by sight, e.g. idea, thought, to concepts which can easily be
experienced by sight, e.g. cloud, colour). The nouns which were analyzed in
this research were those that were rated as unexperienceable by other senses
(i.e. as concepts which cannot be heard, smelt, touched, or tasted since they
had lower [M<4] values on the scales on which their potential to be experi-
enced by other senses was rated). Therefore, the stimuli used were abstract
nouns and nouns denoting concepts which can only be experienced by sight
to various degrees.

For the needs of the auditory lexical decision task, stimuli were re-
corded using a computer and specialized software — Praat (Boersma &
Weenink, 2009). During the recording, the stimuli were pronounced by a
male adult in the sentence “Say the stimulus, please.” The stimuli were re-
corded in sentence context in accordance with previous research, in which
the auditory lexical decision task was used (Slowiaczek & Pisoni, 1986),
and in order to avoid too large word length when it is pronounced in isola-
tion and to control the variation in the length of word pronunciation. After
that, using Praat computer program, the words were extracted from their
carrier sentence and presented to participants in the auditory lexical deci-
sion task.

Pseudowords were designed by replacing one (usually final) pho-
neme/grapheme in a noun so that the word would lose its meaning. Nouns
other than the nouns used as stimuli in the experiment were used for the
purpose of designing the pseudowords. The pseudowords were similar to
words in their length (the number of letters) and the length of pseudoword
pronunciation (in milliseconds).

2.1.3. Design
The criterion variables were the reaction time expressed in millisec-
onds and the percent of errors. The predictor variables were the type of task
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(the task of visual/auditory lexical decision; this predictor was manipulated
between participants, but within stimuli) and the degree of presence of vi-
sual modality, or visual perceptual strength (expressed by the participants’
rating on a seven-point scale). The control variables were word length (ex-
pressed in the number of graphemes), the logarithm of lemma frequency
(Kosti¢, 1999), familiarity (subjective frequency), general concreteness and
the number of orthographic neighbours (Coltheart, Davelaar, Jonasson &
Besner, 1977). Additionally, the length of word pronunciation was mea-
sured (in milliseconds) in the auditory lexical decision task; the correlation
between this variable and word length measured in the number of letters
was high (1=0.86, p<0.01), so for this reason, the length of word pronunci-
ation was excluded from the analyses and the word length measured in the
number of letters was used to represent this group of variables.

2.1.4. Procedure

Two tasks were used in the experiment — the visual lexical decision
task and the auditory lexical decision task. In the visual lexical decision
task, stimuli were presented visually, on a computer screen. The presen-
tation of each stimulus was preceded by a fixation point in the duration
of 1500 ms. The stimulus presentation time was limited to 1500 ms. The
responses were given by pressing a button on the response box, and the
participants gave their responses using both hands (the right button if the
presented stimulus was a word, and the left one for the pseudowords if the
participant was right-handed and vice versa for left-handed participants). If
the participant did not respond to the presented stimulus in the time period
of 1500 ms, he would receive the following feedback: “Try to answer a little
faster!”, and if a participant made a mistake, he would receive the following
feedback: “You have made a mistake, try again!” In both cases, the same
stimulus was presented again. Before the beginning of the experiment, the
participants were given 8 practice trials. The examples presented during the
practice were not included in the analyses.

In the auditory lexical decision task, the stimuli were presented au-
ditorily, binaurally, via headphones. The responses were given by pressing
a button on the response box using both hands, in the same way as in the
visual lexical decision task. The participants received a visual feedback in
case they made a mistake (“You have made a mistake, try again!™) and in
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case they failed to respond within the set time interval (“Try to answer a
little faster!*). In both situations the stimuli were presented again. The pre-
sentation of each stimulus was preceded by an empty screen in the duration
of 1000 ms (the empty screen was introduced in order to avoid a situation
in which the feedback from the previous trial stays on the screen the entire
time, and to make a pause between the trials, i.e. to avoid stimuli going one
after another too fast), and after it a sound signal in the duration of 500 ms
announced the stimulus. The maximum duration of stimulus presentation
with the time for response was limited to 3000 ms. The reaction time was
measured from the onset of the stimulus pronunciation to the moment of
pressing a response button. In this task, the participants were also given 8
examples to practice before the beginning of the experiment. The examples
presented during the practice were not included in the analyses.

Specialized software (SuperLab Pro 2.0; Cedrus, 2001) was used for
the manipulation of independent variables and the measurement of depen-
dent variables.

3. Results and discussion

Prior to the analyses, we excluded all of the pseudowords, as well as
the items with above 25% error rate, and items that received <4 average rat-
ing for the possibility of being heard, smelled, tasted, or touched (based on
collected norms). After this, there were 130 words that were included in the
analysis. None of the participants were excluded, as the overall accuracy was
high (<10% error rate per participant). Next, we considered the possibility
of collinearity among our predictors by calculating Kappa coefficient (Bels-
ley, Kuh & Welsch, 1980) and pairwise correlations between predictors. Al-
though the Kappa coefficient was formally within the medium range (=24, i.e.
<30), we found that the correlation between general concreteness and visual
perceptual strength was very high (r=0.91, p<0.05). This was not surprising,
as we selected our stimuli trying to make visual perception strength as di-
verse as possible, while keeping other modality-specific strengths as low as
possible. This led to variance in concreteness being dominantly attributable
to visual perceptual strength. One possibility to deal with such collinearity
would be to apply principal components analysis, as suggested by Wurm and
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Fisicaro (2014). However, this would prevent us from being able to attribute
the effects to visual perceptual strength per se. With this in mind, we decid-
ed to apply another strategy (as suggested by Baayen, 2008) not to include
concreteness in the set of predictors, that is to include only one of the two
highly correlated predictors, in this case — visual perceptual strength. We an-
alyzed our data using R statistical software (http://www.r-project.org/) and
mgcv package (Wood, 2006; 2011). Additionally, prior to the analyses, we
transformed the predictors by centering them and deviding them by standard
deviation, as suggested by Gelman and Hill (2007). We fitted mixed-effect
generalized additive models to individual reaction times (using Gaussian as
the underlying response distribution). In order to control for the possible ef-
fects of the outliers, we refitted each model after excluding the points with
residuals that exceeded the range of -2.5/+2.5 standard units. As the structure
of results after refitting resembled that of the original ones, we reported only
the results of refitted model (Table 1).

Table 1. Coefficients from the generalized additive model fitted to reaction time.

Parametric coefficients:

Estimate Std. Error t value Pr(>t|)

Intercept 6.751 0.019 361.183 <0.001
Presentation modality: VLD -0.237 0.025 -9.365 <0.001
Trial (order of presentation) -0.005 0.004 -1.197 0.231
Word length in graphemes 0.014 0.005 2.670 <0.01
(log) Lemma frequency -0.019 0.005 -3.675 <0.001
Word familiarity -0.031 0.005 -6.295 <0.001

Smooth terms:

edf Ref.df F p-value
Factor smooth for Visual perceptual 1 1.001 3.815 0.051
strength at the level of ALD
Factor smooth for Visual perceptual 7.473 8.3 5.487 <0.001
strength at the level of VLD
by-Participant factor smooths for Trial 162.922 502 5.847 <0.001
by-Item random intercept 102.377 125 4.805 <0.001

N=6851; ML=-2943
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In addition to random effects of items, and smoothing of order of trial
presentation for each participant separately, our results revealed significant
effects of several control variables. As expected, word length in graphemes
had inhibitory effect, whereas (log) lemma frequency and word familiarity
facilitated processing. Importantly, we observed a significant effect of visu-
al perceptual strength, but only for visually presented words, that is, only in
visual lexical decision task (VLD).

The observed visual perceptual strength by presentation modality
interaction is in accordance with our predictions. However, the predicted
effect of visual perceptual strength for auditorilly presented words was not
observed. As can be seen in Table 1 and Figure 1 (left panel), there was a
linear facilitatory trend, but this effect did not reach significance. At the
same time, we predicted even stronger facilitation for visually presented
words. However, as illustrated in Figure 1 (right panel), this effect was
highly non-linear preventing us from clearly concluding about its trend.

0.6
|
0.6

0.4
0.4

0.2

Transformed RT in ALD
0.0
\
Transformed RT in VLD
0.0
\

0.2

-0.2
|
-0.2

-0.6
-0.6

o i
-1:50 0.5 035 1.5 -1.5 05 035 1.5

Visual perceptual strength Visual perceptual strength

Figure 1. Partial effects of visual perceptual strength on reaction time
observed in auditorylexical decision task (left panel) and visual lexical
decision task (right panel).
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4. General discussion

The registered result pattern does not fully agree with the findings of
our previous research (Zivanovi¢ & Filipovié Purdevié¢, 2010; 2011) and it
does not fully match our initial hypotheses. We did not observe a facilitatory
effect of visual perceptual strength regardless of the presentation modality
— although facilitatory in trend, this effect was not significant for auditorily
presented words. Even more so, for visually presented words, although sig-
nificant, the effect was highly non-linear, and not clearly facilitatory as we
predicted. However, we did observe the predicted visual perceptual strength
by presentation interaction, as the effect of visual perceptual strength was
significant only for visually presented words.

Previous research which focused on studying the presence of senso-
ry modalities (Popovi¢, Zivanovi¢ & Filipovié Purdevi¢, 2009; Zivanovi¢
& Filipovi¢ Purdevié, 2010; 2011; Popovi¢ Stijaci¢ & Filipovi¢ Purdevié,
2015) has confirmed the hypothesis that the presence of a certain sensory
modality can be considered to be one of the characteristics of a concept, just
like its colour, shape or texture. According to amodal theories of the organi-
zation of our conceptual knowledge (Tulving, 1972; Smith & Medin, 1981;
Fodor, 1975; Pylyshyn, 1984), our sensorimotor experiences are translated
into amodal conceptual representations, which bear no systematic resem-
blance to perceptual experiences based on which they were formed and
which are stored in a system which is separated from the perceptual system.
Therefore, perceptual characteristics of concepts and the way in which the
words which denote the concepts are presented should in no way influence
the processing of the words which represent those concepts. The interaction
which was registered in this research poses a challenge to amodal theories.

On the other hand, modality-specific theories (Barsalou, 1999) pre-
sume that perceptual characteristics of concepts have a significant influence
on the formation of conceptual representations. According to these theo-
ries, conceptual representations (perceptual symbols) are stored in the same
system as the perceptual experiences based on which they were formed.
Consequently, the presence or absence of such characteristics and the pre-
sentation mode of the words which represent the concepts should influence
word processing. The interaction between the visual perceptual strength and
the stimulus presentation mode is expected according to modality-specific
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theories, since they presume that the overlap (or the absence of it) of the
neural pathways which were activated during the perception of words and
the ones which should be activated by activating the perceptual symbols
of those concepts will influence the processing of the words which rep-
resent the concepts. The problem which arises due to the findings of this
research (even if we try to explain them by modality-specific theories) is
the trend-masking nonlinearity of the observed effect. Namely, according
to modality-specific theories, a higher degree of visual perceptual strength
should facilitate word processing in the case of modality congruence (i.e.
in the visual lexical decision task), since the perceptual symbols of the con-
cepts which have visual modality are stored in the visual zone, which is
highly active during the visual lexical decision task. The overlap of neural
pathways which were activated in the task in which the stimuli were pre-
sented to the participants visually and the neural pathways which were acti-
vated by activating the perceptual symbols of the concepts which the words
represent should facilitate word processing. However, we were not able to
derive a clear conclusion regarding the trend of the effect of visual percep-
tual strength fof visually presented words, as the effect was highly nonlin-
ear. One possible explanation could be that the eftect that was observed for
concrete words (Zivanovié¢ & Filipovi¢ Purdevié, 2011) does not apply to
the full range of concreteness scale, namely that it does not apply to abstract
words. As previously suggested, the representation of abstract words poses
a challenge for theories of embodied cognition (e.g. Dove, 2009; 2015). Our
results did not corroborate our expectation of continuity, and suggested that
processes that were observed for concrete words might not be transferable
to the full range of the abstract-concrete continuum. Some previous studies
also suggested a discontinuity of this scale (Connel & Lynnott, 2012).

While our results pose a challenge for theories of amodal representa-
tion, they leave open the question of continuity between abstract and con-
crete words, and call for further investigation.
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Appendix A. Stimuli and collected ratings
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KOMETA 553 212 135 122 1.69 4.05 296 6 11 2
BOJA 6.71 1.00 2.12 194 175 548 6.21 4 830 18
OSEKA 567 294 224 1.12 247 4.62 342 5 24 4
TEKST 7.00 453 128 1.13 194 457 571 5 87 1
TUFNA 6.71 1.00 1.28 1.56 2.18 4.81 325 5 0 1
FLEKA 6.75 1.12 2.65 211 319 529 454 5 2 3
SUMRAK 659 144 144 141 147 4.14 442 6 187 0
INTERNET 524 2.00 1.06 1.00 131 2.62 6.79 8 0 2
ODSJAJ 606 1.19 1.00 1.06 253 448 388 6 67 1
MEHANIZAM 513 347 241 1.12 228 3.14 404 9 19 0
BRIGA 335 3.00 141 139 238 257 6.13 5 264 2
POLET 494 273 182 159 259 276 388 5 83 6
SRECA 524 467 144 182 241 324 646 5 1011 5
UMOR 388 3.12 1.78 125 476 281 588 4 232 6
ANALIZA 376 238 1.24 1.11 3.06 1.76 592 7 54 0
OCAJ 461 269 1.06 1.59 247 233 433 4 73 4
PRAVAC 500 1.13 1.12 1.18 224 295 558 6 208 6
IDEAL 212 212 124 122 125 1.62 467 5 46 0
MISAO 1.25 324 1.06 171 194 1.67 552 5 1163 0
TEORIJA 225 588 1.00 1.06 124 167 596 7 34 0
POSTOVANIJE 361 294 1.18 1.24 2.00 2.05 579 9 53 0
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BLIZINA
NEMIR

PAD
ZALJUBLJENOST
BOLEST
IZNENADENJE
POJAVA
ZAMOR
LJUBAV
MOTIV
PRETPOSTAVKA
NAGON
PRKOS
STEPEN
LINIJA

VREME
MANIRI

MLAZ
CRVENILO
PLAMEN
ODLUKA
DOKAZ
MRZNIJA

SLUH

LAZ
INTERPRETACIJA
PRENOS
PRASKOZORIJE
PLANETA
SUNCE

PLIMA
BLJESAK
MRAK
VARNICA
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5.65
4.06
5.72
4.88
5.06
4.47
5.83
3.59
2.81
2.13
1.47
3.19
4.41
2.41
6.50
3.65
4.44
6.69
6.88
6.72
2.83
4.71
3.94
1.13
2.13
4.00
3.94
5.78
4.71
6.88
6.06
6.65
6.81
6.12

3.65
3.82
4.81
3.65
2.18
4.06
3.75
3.06
3.29
1.65
3.89
241
3.67
1.78
1.00
1.76
3.94
5.94
1.00
1.63
4.06
2.35
3.53
4.67
5.06
5.59
4.28
1.50
1.25
1.00
2.56
1.47
1.41
3.59

3.00
1.35
1.24
2.33
3.00
1.76
2.06
1.50
1.94
1.06
1.38
1.59
1.19
1.06
1.06
2.33
1.18
2.75
1.29
4.88
1.18
2.24
1.50
1.06
1.47
1.00
1.25
2.29
1.59
1.38
2.71
1.18
1.76
333

2.28
1.47
1.35
1.75
3.00
1.28
1.35
1.31
2.76
1.06
1.18
1.65
1.59
1.29
1.24
1.19
1.24
3.00
1.56
2.82
1.24
2.06
1.94
1.29
1.59
1.00
1.18
1.59
1.59
1.53
1.41
1.17
1.59
1.25

3.81
3.61
5.41
4.82
5.06
1.93
2.06
4.76
5.06
1.33
1.82
3.89
2.24
2.53
333
2.35
2.56
6.50
4.69
6.82
1.35
2.25
3.22
1.47
1.89
1.94
2.88
1.24
2.24
5.06
2.47
1.44
1.72
4.69

3.90
2.57
4.52
3.14
4.10
3.14
2.86
2.95
2.95
1.71
1.81
2.14
2.81
2.10
4.14
2.14
3.05
4.76
4.71
5.62
1.67
3.24
2.76
2.33
2.48
2.10
2.62
2.80
3.52
5.10
4.57
4.95
4.19
4.71

5.79
4.54
4.29
6.21
5.75
6.00
5.29
5.33
6.38
5.50
5.46
5.04
4.96
4.88
5.13
6.00
4.13
4.00
4.58
4.38
5.54
4.75
4.79
5.42
5.26
4.67
5.21
2.17
4.25
6.08
3.33
3.83
5.83
4.33
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390
147
4
222
84
142
13
2365
71
19
24
60
106
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464
446
92
320
98
192
19
43
47
47
2984
140
133
1307
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Presentation modality interacts with the effect of visual perceptual strength on word processing

PANTOMIMA
RUPA
POMRACINA
PROSTOR
UZIVANJE
OPREZ

SILA

STRAH
POGODAK
RAST

POROD
GREH
DEMOKRATIJA
NAUKA
IZDAJA
OSUDA
RAZUM
SVRHA
TACKA

SPOT
POKRET
TUNEL
PROVIDNOST
UZROK
ZELJA
GUBITAK
METOD
UTEHA
TAINA
UVREDA

6.39
6.82
5.94
6.81
4.29
3.56
3.41
5.00
5.44
5.35
4.94
2.00
2.35
2.13
3.35
3.44
2.53
2.00
6.71
6.53
6.39
6.82
5.35
3.06
2.71
2.88
2.06
2.47
2.24
3.06

1.31
1.33
1.00
2.17
4.35
231
2.41
4.44
3.56
1.22
2.94
2.47
2.06
241
3.24
5.07
3.61
1.94
1.00
3.61
4.19
2.06
1.00
3.18
4.41
2.47
2.12
4.94
5.47
6.18

1.00
1.31
1.35
2.06
3.33
1.24
1.38
1.50
1.12
1.13
1.71
1.65
1.00
1.12
1.59
1.41
1.31
1.13
1.11
1.13
1.76
3.50
1.13
1.44
2.83
1.41
1.06
1.44
1.67
1.33

1.06
1.88
1.00
1.47
2.63
1.53
1.94
1.53
1.41
1.71
1.59
2.17
1.00
1.41
1.17
1.47
1.53
1.18
1.13
1.35
1.53
1.13
1.24
1.63
1.63
1.17
1.06
1.19
1.25
1.31

241
5.25
1.71
4.35
4.35
2.00
3.59
3.41
3.29
3.12
3.88
1.94
1.31
1.00
2.25
2.94
1.31
1.00
2.18
1.29
5.59
2.76
1.71
1.71
2.47
3.00
1.22
3.18
1.88
2.31

3.95
4.81
4.05
4.05
3.48
2.05
2.95
3.00
3.52
3.19
3.57
1.52
1.33
1.86
2.19
243
2.33
1.86
3.95
5.24
3.81
4.95
3.57
2.00
2.14
2.24
2.05
243
2.00
2.52

3.25
5.17
3.75
5.50
5.92
4.21
5.13
5.46
5.29
5.38
3.83
5.00
4.75
6.08
4.79
3.75
5.92
533
6.04
4.96
5.63
4.21
4.30
5.67
6.50
5.17
5.17
5.08
6.00
5.04
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53
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19
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46
16
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116
67
21
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98

63
795
85
40
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43
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