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PRESENTATION MODALITY INTERACTS WITH THE 
EFFECT OF VISUAL PERCEPTUAL STRENGTH ON 

WORD PROCESSING 1

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 

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 

-

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 

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 

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.

This research is funded by the Ministry of Education, Science and Technological 
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-
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 

feature lists or a semantic network. These amodal conceptual representa-

which they were formed and they are connected with them arbitrarily (the 
-

ample, the word 
grel, which would not 

amodal conceptual representation, the amodal representation of the con-

object. Amodal symbols which represent concepts in the absence of percep-
tion are stored in a system which is separated from the perceptual system, 

On the other hand, nowadays there is an increasing amount of evidence in 

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 
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-
-

-

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 

area – visual symbols in the visual area, auditory symbols in the auditory 
area, proprioceptive symbols in the somatosensory and motor area, etc. 

-

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 

one of their studies that passively reading words which denoted smells or 
dill -

-
ciding about the colour of an object (e.g. 

-
acteristics, such as colour, sound, touch and taste, activated the correspond-
ing cortical areas which are related to coding visual, auditory, tactile and 

-
enced by one or more different senses. The fact that a certain concept (ob-
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characteristics of concepts which will be studied in this paper. Thus, for 

-
ty. On the other hand, some other concepts have a larger number of sensory 

almost all senses – we can see it, hear it, touch it, smell it and even taste it.

-
-

It was shown that such congruence led to the facilitation of word recogni-

-

-

-

-

of the thesis that conceptual knowledge is stored in a system which is mo-
-

with the concept. This interpretation is in accordance with a view presented 
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-
-

stimulation only directed attention without occupying resources (as was the 

would be observed.
The largest number of studies which have provided evidence in fa-

-

modalities. The question is how abstract concepts are represented, or to 

which presume the reactivation of neural pathways which were activated 
-

of abstract concepts via perceptual symbols (just like the representation of 
-
-

-

-
tual symbols are crucial for the representation of abstract concepts. Namely, 

physical, social and introspective elements. When participants are given 
a word which denotes an abstract concept, a perceptual simulation of the 

and not isolated. When abstract concepts are represented, according to mo-
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event, and are mostly represented by perceptual symbols for introspective 

-
-

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 

were rated as abstract during general concreteness rating (score below 4 

scales (when the scales were separated by modalities and when participants 

other words, what would traditionally be considered as an abstract word 

following question: Is the presence of modalities a categorical variable (it 

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 

on the rating scale from 1 to 7 will be more quickly and more accurately 

less visible or something that cannot be seen. Therefore, we would predict 
facilitatory effects of visual perceptual strength.

-
enced only by sight in various degrees (starting from 1–it cannot be seen at 
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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 

All words were presented to the participants both in visual modality (in the 
-

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 

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 

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-
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-
-

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 

that concepts are translated into amodal symbols which bear no resem-

and which are stored in a system which is separated from the perceptual 
system. Hence, according to these theories, the characteristics of the con-

the modality in which those words are presented.

2. Experiment

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-

2.1. Method

2.1.1. Participants

either students at the Department of Psychology at the Faculty of Philoso-

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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-

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-

denotes by the senses (to what degree something could be seen, heard, smelt 

was concrete or abstract (number one meant that the word denotes some-
, and number 

by senses, e.g. rooster
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-

alphabetical order in the questionnaire.
Concreteness by modalities was assessed by asking the participants 

-
-

chirp if the possibil-

(e.g. peach

skin senses (skin senses included touch, pain, warmth, but also various so-

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-

-
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sequences within each group of questionnaires.

covered the entire range of the general concreteness scale (from abstract 
nouns, for which it was established based on the participants’ ratings that 

range of the scale of visual modality presence (from concepts which cannot 
idea, thought, to concepts which can easily be 

cloud, colour

(i.e. as concepts which cannot be heard, smelt, touched, or tasted since they 
-

to various degrees.
-

corded using a computer and specialized software – Praat

.” The stimuli were re-

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

-
sion task.

-

purpose of designing the pseudowords. The pseudowords were similar to 

2.1.3. Design
-

onds and the percent of errors. The predictor variables were the type of task 
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-

-

-

between this variable and word length measured in the number of letters 
-

number of letters was used to represent this group of variables. 

2.1.4. Procedure

task, stimuli were presented visually, on a computer screen. The presen-

of 1500 ms. The stimulus presentation time was limited to 1500 ms. 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 

the participant did not respond to the presented stimulus in the time period 

faster!”, and if a participant made a mistake, he would receive the following 

practice were not included in the analyses.
-

ditorily, binaurally, via headphones. The responses were given by pressing 
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-
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 

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 

presented during the practice were not included in the analyses.

the manipulation of independent variables and the measurement of depen-
dent variables.

3. Results and discussion

-
ing for the possibility of being heard, smelled, tasted, or touched (based on 

-
-

as we selected our stimuli trying to make visual perception strength as di-

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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the effects to visual perceptual strength per se. With this in mind, we decid-

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-

transformed the predictors by centering them and deviding them by standard 

generalized additive models to individual reaction times (using Gaussian as 
-

Estimate Std. Error t value

Intercept 6.751 0.019 361.183

Presentation modality: VLD -0.237 0.025 -9.365

-0.005 0.004 -1.197 0.231

Word length in graphemes 0.014 0.005 2.670

-0.019 0.005 -3.675

Word familiarity -0.031 0.005 -6.295

Smooth terms:
edf Ref.df F p-value

Factor smooth for Visual perceptual 
strength at the level of ALD

1 1.001 3.815 0.051

Factor smooth for Visual perceptual 
strength at the level of VLD

7.473 8.3 5.487

by-Participant factor smooths for Trial 162.922 502 5.847

by-Item random intercept 102.377 125 4.805
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In addition to random effects of items, and smoothing of order of trial 

-
al perceptual strength, but only for visually presented words, that is, only in 

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 

same time, we predicted even stronger facilitation for visually presented 

highly non-linear preventing us from clearly concluding about its trend.

Figure 1. Partial effects of visual perceptual strength on reaction time 
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4. General discussion

does not fully match our initial hypotheses. We did not observe a facilitatory 
effect of visual perceptual strength regardless of the presentation modality 

presented words. Even more so, for visually presented words, although sig-

predicted. However, we did observe the predicted visual perceptual strength 
by presentation interaction, as the effect of visual perceptual strength was 

Previous research which focused on studying the presence of senso-

modality can be considered to be one of the characteristics of a concept, just 
-

into amodal conceptual representations, which bear no systematic resem-

which are stored in a system which is separated from the perceptual system. 
Therefore, perceptual characteristics of concepts and the way in which the 

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 formation of conceptual representations. According to these theo-

Consequently, the presence or absence of such characteristics and the pre-

word processing. The interaction between the visual perceptual strength and 
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neural pathways which were activated during the perception of words and 
the ones which should be activated by activating the perceptual symbols 

-

the trend-masking nonlinearity of the observed effect. Namely, according 

should facilitate word processing in the case of modality congruence (i.e. 
-

cepts which have visual modality are stored in the visual zone, which is 

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-

the full range of concreteness scale, namely that it does not apply to abstract 
words. As previously suggested, the representation of abstract words poses 

processes that were observed for concrete words might not be transferable 
to the full range of the abstract-concrete continuum. Some previous studies 

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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POVOD 2.11 2.38 1.00 1.12 1.41 2.05 5.38 5 100 6

4.00 3.06 2.25 1.53 3.35 2.62 5.46 5 399 0

ZAKON 2.41 5.24 1.11 1.19 1.59 2.00 5.25 5 431 3

KRUG 6.63 1.00 1.24 1.18 3.17 4.05 5.21 4 633 3

5.88 3.18 1.06 1.25 4.29 4.33 3.75 7 30 1

CIFRA 6.82 2.53 1.00 1.00 1.00 3.62 4.71 5 24 2

6.65 1.00 1.06 1.11 2.94 4.19 4.13 7 27 1

MODRICA 6.94 1.06 1.29 1.12 6.50 5.24 4.67 7 12 4

PREVARA 3.76 3.39 1.56 1.71 2.06 2.24 5.50 7 38 2

1.41 1.59 1.56 1.25 2.18 1.62 5.08 7 231 0

KRIZA 2.53 2.00 1.35 1.47 1.72 1.95 5.58 5 71 2

SLOGA 3.94 2.72 1.25 1.47 1.35 2.52 4.67 5 22 5

ISKAZ 2.82 5.38 1.06 1.11 1.44 3.62 4.04 5 24 2

ISTINA 3.71 4.59 1.76 1.33 2.19 2.52 6.00 6 375 2

POUKA 2.61 3.56 1.29 1.41 1.47 1.95 5.00 5 10 2

6.24 2.29 3.72 1.13 1.24 4.05 5.54 4 569 4

6.81 1.12 2.00 1.47 1.56 4.48 5.33 5 1565 2

MAGLA 6.31 1.12 2.81 2.06 2.56 4.14 3.83 5 631 2

OSMEH 6.83 3.69 1.18 1.59 4.12 5.52 6.21 5 720 1

6.89 1.31 2.41 1.53 1.82 4.57 4.21 6 107 1

PANORAMA 6.28 1.38 1.24 1.06 1.35 4.10 3.33 8 15 0

KOSMOS 2.65 1.18 2.00 1.06 1.25 2.48 3.04 6 2 1

ZRAK 5.12 1.18 1.56 1.31 3.12 3.86 4.33 4 3 10

LAVA 6.94 4.88 3.53 2.24 6.00 4.76 2.96 4 35 13

6.50 1.18 1.35 1.18 1.56 4.05 4.33 8 424 0

5.00 1.44 1.63 1.59 3.71 3.14 5.42 7 3 0
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5.65 3.65 3.00 2.28 3.81 3.90 5.79 7 163 1

NEMIR 4.06 3.82 1.35 1.47 3.61 2.57 4.54 5 390 2

PAD 5.72 4.81 1.24 1.35 5.41 4.52 4.29 3 147 20

4.88 3.65 2.33 1.75 4.82 3.14 6.21 11 4 0

5.06 2.18 3.00 3.00 5.06 4.10 5.75 6 222 0

4.47 4.06 1.76 1.28 1.93 3.14 6.00 10 84 0

5.83 3.75 2.06 1.35 2.06 2.86 5.29 6 142 2

ZAMOR 3.59 3.06 1.50 1.31 4.76 2.95 5.33 5 13 7

2.81 3.29 1.94 2.76 5.06 2.95 6.38 5 2365 1

MOTIV 2.13 1.65 1.06 1.06 1.33 1.71 5.50 5 71 0

PRETPOSTAVKA 1.47 3.89 1.38 1.18 1.82 1.81 5.46 12 19 1

NAGON 3.19 2.41 1.59 1.65 3.89 2.14 5.04 5 24 4

PRKOS 4.41 3.67 1.19 1.59 2.24 2.81 4.96 5 60 0

STEPEN 2.41 1.78 1.06 1.29 2.53 2.10 4.88 6 106 1

6.50 1.00 1.06 1.24 3.33 4.14 5.13 6 6 5

VREME 3.65 1.76 2.33 1.19 2.35 2.14 6.00 5 2376 1

MANIRI 4.44 3.94 1.18 1.24 2.56 3.05 4.13 6 7 1

MLAZ 6.69 5.94 2.75 3.00 6.50 4.76 4.00 4 164 7

CRVENILO 6.88 1.00 1.29 1.56 4.69 4.71 4.58 8 9 1

PLAMEN 6.72 1.63 4.88 2.82 6.82 5.62 4.38 6 464 3

ODLUKA 2.83 4.06 1.18 1.24 1.35 1.67 5.54 6 446 1

DOKAZ 4.71 2.35 2.24 2.06 2.25 3.24 4.75 5 92 0

3.94 3.53 1.50 1.94 3.22 2.76 4.79 5 320 0

SLUH 1.13 4.67 1.06 1.29 1.47 2.33 5.42 4 98 3

2.13 5.06 1.47 1.59 1.89 2.48 5.26 3 192 9

4.00 5.59 1.00 1.00 1.94 2.10 4.67 14 19 0

PRENOS 3.94 4.28 1.25 1.18 2.88 2.62 5.21 6 43 1

5.78 1.50 2.29 1.59 1.24 2.80 2.17 11 47 0

PLANETA 4.71 1.25 1.59 1.59 2.24 3.52 4.25 7 47 1

SUNCE 6.88 1.00 1.38 1.53 5.06 5.10 6.08 5 2984 2

PLIMA 6.06 2.56 2.71 1.41 2.47 4.57 3.33 5 140 3

6.65 1.47 1.18 1.17 1.44 4.95 3.83 6 133 1

MRAK 6.81 1.41 1.76 1.59 1.72 4.19 5.83 4 1307 11

VARNICA 6.12 3.59 3.33 1.25 4.69 4.71 4.33 7 72 3
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Presentation modality interacts with the effect of visual perceptual strength on word processing

PANTOMIMA 6.39 1.31 1.00 1.06 2.41 3.95 3.25 9 6 0

RUPA 6.82 1.33 1.31 1.88 5.25 4.81 5.17 4 80 18

5.94 1.00 1.35 1.00 1.71 4.05 3.75 9 53 0

PROSTOR 6.81 2.17 2.06 1.47 4.35 4.05 5.50 7 398 0

4.29 4.35 3.33 2.63 4.35 3.48 5.92 7 19 0

OPREZ 3.56 2.31 1.24 1.53 2.00 2.05 4.21 5 19 0

SILA 3.41 2.41 1.38 1.94 3.59 2.95 5.13 4 25 13

STRAH 5.00 4.44 1.50 1.53 3.41 3.00 5.46 5 3 1

POGODAK 5.44 3.56 1.12 1.41 3.29 3.52 5.29 7 6 1

RAST 5.35 1.22 1.13 1.71 3.12 3.19 5.38 4 46 6

POROD 4.94 2.94 1.71 1.59 3.88 3.57 3.83 5 16 4

GREH 2.00 2.47 1.65 2.17 1.94 1.52 5.00 4 194 1

2.35 2.06 1.00 1.00 1.31 1.33 4.75 11 186 1

NAUKA 2.13 2.41 1.12 1.41 1.00 1.86 6.08 5 116 1

3.35 3.24 1.59 1.17 2.25 2.19 4.79 6 67 0

OSUDA 3.44 5.07 1.41 1.47 2.94 2.43 3.75 5 21 4

RAZUM 2.53 3.61 1.31 1.53 1.31 2.33 5.92 5 64 0

SVRHA 2.00 1.94 1.13 1.18 1.00 1.86 5.33 5 114 1

6.71 1.00 1.11 1.13 2.18 3.95 6.04 5 2 4

SPOT 6.53 3.61 1.13 1.35 1.29 5.24 4.96 4 0 7

POKRET 6.39 4.19 1.76 1.53 5.59 3.81 5.63 6 365 1

TUNEL 6.82 2.06 3.50 1.13 2.76 4.95 4.21 5 98 0

PROVIDNOST 5.35 1.00 1.13 1.24 1.71 3.57 4.30 10 2 1

UZROK 3.06 3.18 1.44 1.63 1.71 2.00 5.67 5 63 0

2.71 4.41 2.83 1.63 2.47 2.14 6.50 4 795 4

2.88 2.47 1.41 1.17 3.00 2.24 5.17 7 85 0

METOD 2.06 2.12 1.06 1.06 1.22 2.05 5.17 5 40 1

UTEHA 2.47 4.94 1.44 1.19 3.18 2.43 5.08 5 170 1

2.24 5.47 1.67 1.25 1.88 2.00 6.00 5 511 8

UVREDA 3.06 6.18 1.33 1.31 2.31 2.52 5.04 6 43 0
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