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Different systems are used to facilitate communication for people with speech problems.
Among these, pictographic systems offer an extraordinary solution for many people
with severe communication disorders; for example, people with autism spectrum
disorders, aphasia, cognitive impairment, cerebral palsy, etc. The pictographic system
called Aragonese Portal of Augmentative and Alternative Communication (ARASAAC
http://arasaac.org), freely distributed under the Creative Commons License (BY-NC-
SA), is an important reference in many countries. Although these images are widely
used, there are no previous studies on their reliability and validity. In order to obtain a
useful tool in the clinical context, scores of name agreement, H index, tip-of-the-tongue
responses, conceptual familiarity, image agreement, visual complexity, and response
times were collected for the 295 most frequent images in the ARASAAC dataset. The
psychometric analyses showed adequate validity and reliability values. The regression
analysis indicated that naming times were explained by picture-name agreement, age
of acquisition, and conceptual familiarity, while the tip-of-the-tongue states were mainly
predicted by picture-name agreement and name agreement. In conclusion, these norms
from the ARASAAC dataset offer a valuable tool for clinical intervention as well as for
psycholinguistic research.

Keywords: augmentative and alternative communication, pictographic system, picture naming, Spanish
normative study, language production

INTRODUCTION

Among all possible ways of responding to the basic need of human communication, pictographic
language offers an extraordinary solution for many people with serious expressive or receptive
communication disorders (Beukelman and Mirenda, 2013). The pictographic language transmits
a message with simplicity and clarity, beyond cultural, linguistic, or cognitive boundaries, using
images or symbols that represent people, objects, or ideas (see Romski et al., 2015, for a review
on augmentative communication intervention). The Aragonese Portal of Augmentative and
Alternative Communication (ARASAAC) pictographic system (Palao, 2013) was implemented in
2007 as part of a project financed and coordinated by the Department of Education, Culture and
Sports of the Government of Aragon and coordinated by the General Direction of Innovation,
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Equity, and Participation with the collaboration of the Aragon
Center for Technologies for Education (CATEDU) and the
Public School of Special Education in Alborada (Zaragoza),
Spain. In recent years, this system has become an important
reference in countries such as Spain, France, Brazil, Italy,
Finland, Germany, and Belgium, and it is becoming increasingly
more widespread worldwide (United States, Senegal, Qatar, etc.)
(Romero Corral and Marcos Rodrigo, 2016). The dictionary of
Spanish words within the complete set of pictograms has been
translated to 17 languages: Arabic, Chinese, Romanian, Russian,
Polish, Bulgarian, English, French, Italian, German, Portuguese,
Brazilian, Croatian, Euskera, Galician, Catalan, and Valencian.
All the pictograms and their corresponding names (in color
N = 18206; 2018, July) are freely distributed under the Creative-
Commons License (BY-NC-SA). This has allowed the presence
of ARASAAC in different areas such as education, hospitals,
care for the elderly, adaptation of documents, accessibility of a
means of communication, accessible tourism, or signage. Proof
of this relevance and diffusion are the numerous awards it has
received, including candidacy for the Prince of Asturias Awards
for Communication and Humanities.

Beyond these merits, the ARASAAC database seems to be one
of the most appropriate augmentative alternative communication
systems when compared with other pictographic systems. Thus,
the research of Cabello and Bertola (2015) was focused on
the analysis of iconicity and transparency of 38 ARASAAC
pictograms taken from 4 grammatical categories: names, verbs,
adjectives, and linguistic symbols. This study compared this
set of pictograms with other well-known pictographic systems,
such as Picture Communication Symbols (Johnson, 1981) and
Bliss (Bliss, 1965; Hehner, 1980). The results showed that the
ARASAAC pictograms had a greater degree of transparency and
iconicity than the Picture Communication Symbols (with the
exception of transparency for linguistic symbols, where there
was no difference) and Bliss systems. Consequently, ARASAAC
is one of the preferred augmentative alternative communication
systems.

The usefulness of this database can, however, be constrained
by several limitations that modulate language production. First,
the provided names in the ARASAAC dataset have been
assigned to a given picture according to subjective criteria,
and are not based on controlled and systematic normative
studies. Therefore, the corresponding name-picture in this
dataset may not be the most appropriate, and consequently, it
is possible that professionals might employ a label for a given
pictogram that differs from the meaning assigned by the patients.
Second, psycholinguistic variables have been proven to affect
the development of name production. Some of these variables
refer to general properties of a concept (e.g., word frequency,
concreteness, word length, age of acquisition etc.) and can be
easily obtained from existing databases that contain normative
data for wide sets of words, for example EsPal (Duchon et al.,
2013), NIM (Guasch et al., 2013) or NIPE (Díez et al., 2014).
Other variables, however, are strongly tied to the selected stimuli
in a dataset and need to be derived from the specific group
of pictures in which we are interested. Thus, for example, the
relation between the picture of a concept and our mental image

of this concept (image agreement), conceptual familiarity and
the visual complexity of the picture (Snodgrass and Vanderwart,
1980) depend on the images we are presented with. These indices,
among others, can explain why one picture is easily named and/or
recognizable, but a similar one is not.

Most views of word production (e.g., Dell, 1986; Glaser,
1992; Caramazza, 1997; Levelt et al., 1999; Bonin et al., 2002)
assume that object naming involves several processing levels to
reach the correct articulation and execution of the necessary
motor program. According to Levelt et al.’s (1999) influential
model, the first level is the perceptual analysis of the visual
input, which results in the activation of structural representation
and in the recognition of the object. Next, the activation
spreads to the central level of lexical access, with the retrieval
of semantic/conceptual information, lexical (“lemma”) selection
and lexeme formation, with the composition of the phonological
information. Each of the variables for which we recollect the
norms (name agreement, visual complexity, image agreement,
conceptual familiarity) affects one (or more) of these processing
levels, as we specify in the following part, and it is also desirable to
know the specific values of these dimensions for the ARASAAC
set of pictures.

To achieve this aim, we collected normative data for a set of
pictures from the ARASAAC system. For example, two indices
for name agreement were calculated: first, the name agreement
index refers to the percentage of modal name responses out of the
total responses for a given picture. Given that name agreement is
not sensitive to the heterogeneity of the names produced for a
picture, we also calculated the preferable name agreement index,
called the H statistic (Snodgrass and Vanderwart, 1980).

Lower levels of name agreement typically produce slower
responses to a picture (Vitkovitch and Tyrrell, 1995; Barry et al.,
1997; Bonin et al., 2002; Shao et al., 2014). Two main sources
of this effect have been proposed: uncertainty regarding pictures
or alternative names of depicted objects. The first one seems
to have its locus at the stage of object recognition, whereas the
second one, regarding the activation of more than one alternative
name, occurs after conceptual access at the name retrieval stage
(Vitkovitch and Tyrrell, 1995; Bonin et al., 2002; Cheng et al.,
2010).

Also located in the structural level, visual complexity is
defined as the number of lines or the intricacy of the lines.
The more visually complex a picture is, the harder it is to
process (Hartje et al., 1986), although not much experimental
evidence has found this factor to be a significant predictor of
picture-naming speed (e.g., Barry et al., 1997; Cycowicz et al.,
1997; Bonin et al., 2002, 2003; but see Ellis and Morrison,
1998; Alario et al., 2004; and Perret and Bonin, 2018 for
a recent meta-analysis). However, we consider it relevant to
include this variable in our database, as it can have some
effect at the level of picture’ visual characteristic processing,
especially considering that the pictures in the ARASAAC dataset
can vary according to various physical features (shape, surface
details, background, color etc.). Moreover, image agreement
refers to the degree of correspondence between the provided
picture for a given concept and the mental image we
have for this concept in the corresponding stored structural
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representation (Barry et al., 1997). Pictures with higher values
of image agreement produce faster responses in a naming task
(Barry et al., 1997; Bonin et al., 2002).

Finally, conceptual familiarity was defined as the degree
of physical or mental contact with an object, influencing the
facility of access to semantic/conceptual representations. Despite
the mixed evidence observed on the impact of this variable
on the picture-naming performance of healthy participants
(e.g.,Snodgrass and Yuditsky, 1996; Cuetos et al., 1999; but see
also Bonin et al., 2002; Alario et al., 2004), the importance of
conceptual familiarity in picture naming has been highlighted in a
recent meta-analysis (Perret and Bonin, 2018) and in the picture-
naming performance of aphasic patients (e.g., Hirsh and Funnell,
1995), with direct relevance for a tool for communication
disorders like ARASAAC.

In sum, for a set of the most frequent pictures in the
ARASAAC system, the modal name, name agreement index, H
index, number of ToT states, image agreement scores, visual
complexity scores, conceptual familiarity scores and naming
times were collected. We expect that these data were useful in
both clinical and research realms.

MATERIALS AND METHODS

Participants
A total of 219 students from the University of Jaén in Spain
participated in this experiment in exchange for course credits. All
were native Spanish speakers and had normal or corrected vision.
There were different participants for each of the main tasks
reported below. All participants gave written informed consent.
This protocol was approved by the University of Jaén (Spain)
ethics committee.

Materials and Procedure
A set of words from the ARASAAC dataset and their
corresponding pictures were included in this normative study.
As a general outline, we first selected a set of concepts
(word selection phase) and their corresponding pictures (picture
selection phase). Later, pictures were presented in isolation in a
written naming task (name agreement task) and next to these
pictures, the most commonly produced name for each picture
was selected for the following phases. Here, conceptual familiarity
(conceptual familiarity task), image agreement (image agreement
task) and visual complexity (visual complexity task) scores and
response times, as well as other related measures (response time
task), were collected. Stimulus presentation and data collection
were controlled by E-prime software (version 2.0; Schneider et al.,
2012).

Word Selection Phase
From the color pictogram catalog at the ARASAAC website1

we selected the 300 common names and verbs that were rated
as more frequent in the ESPAL database (Duchon et al., 2013).
Prepositions, conjunctions, adverbs, adjectives, proper names,

1http://www.arasaac.org/pictogramas_color.php

and words without concrete values in ESPAL were previously
eliminated from this set of words. A deeper revision of the
resulting set of stimuli ended with the elimination of 1 item, since
there was not a pictogram for the general concept (i.e., there
were pictograms for the numbers 1, 2, 3, etc., but not for the
token “number”) and 4 items with double grammatical functions
(name/verb and adjective) where the corresponding pictogram
only reflected the adjectival meaning. Consequently, out of the
300 initial stimuli, 295 items passed to the following phase. These
stimuli were downloaded between December 2016 and January
2017.

Picture Selection Phase
Only one picture was selected for each collected word. Given
that in this dataset, there were some cases where words were
associated with more than one picture, a set of criteria for
selecting a unique picture were followed. First, we chose the
picture that corresponded in gender and number to the selected
words (e.g., if the word was the masculine “abogado” (lawyer) we
eliminated the pictures of a woman lawyer and the pictures of
a group of lawyers). Second, if for one word there were pictures
that referred to general terms and pictures that referred to cases,
we selected the picture of the most general term. For example,
the ARASAAC database contained different pictures for the word
“die.” Thus, there were (a) one picture with a cube rotted at an
angle that showed some of its sides or (b) six pictures of a cube
showing one only side with one, two,. . . or six dots. In order
to select an only picture, we considered that the first one was
more general and a better representation of the general concept
“die” and consequently, we selected this item. Third, we also
selected the pictures most appropriate for the geographic context
of these norms, thus, for the countries and flags, we selected
the items that corresponded to Spain. Fourth, in the cases of
pictures that were associated with ambiguous words (i.e., words
with more than one meaning or sense; for example, in Spanish,
banco means bank but also bench), we selected the most frequent
meaning based on the databases for ambiguous words from Fraga
et al. (2017) and Gómez-Veiga et al. (2010). Out of the 28 words
identified as ambiguous, two showed a tie in the frequency of
production of their different senses or meanings, and 15 did not
appear in either of these norms. This implied that there were
no objective criteria to find an individual picture to 17 (15+2)
ambiguous words. To select only one picture for these ambiguous
words and for the rest of the words where more than one
pictured referred to the same item and did not fulfill any of the
four previously described criteria, we conducted a preliminary
study in which each word and the different associated pictures
appeared in a picture selection task. In total, 155 words were
selected for this task. Subsequently, a sample of 41 participants
(34 females, mean age = 20.98, SD = 1.93) were presented with
each word beside their corresponding pictures (from 2 to 11
pictures per word). The pictures associated with each word were
numbered and appeared centered on the computer screen above
the corresponding word. Each slide (preceded by a 1-s fixation
point) appeared in random order for each participant for 8 s,
or until a response was given. Frequency and response times
were recorded. Participants indicated which picture was the most
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related to the word using the keyboard. For each word, the most
frequently selected picture (or the pictures with fastest responses
in the case of tied results) was selected to be employed in the
following phase. On average, these pictures were selected by the
66.4% of the participants (SD = 18.4; range = 26.8–100%). Mean
RTs for the responses to these items were 3153 ms (SD = 816;
range = 1989–5601 ms).

Written Name Agreement Task
The previously selected pictures appeared in a written name
agreement task. A total of 39 participants (29 females, mean
age = 21.23, SD = 4.22) were presented with the 295 pictures
and, following Snodgrass and Vanderwart’s (1980) procedure,
participants were instructed to write the first name that came to
mind (without explicit reference to respond as fast as possible).
If participants were not able to respond, (they did not know
the picture, they knew the picture but not its name; they knew
the picture name, but they suffered a ToT experience2) using
an apposite option on the computer’s numeric keyboard. The
stimuli appeared in a random order for each participant. Each
trial started with a fixation point (300 ms), followed by a picture
for name generation (6 s), a blank slide (300 ms), and a slide to
indicate the reason for a non-response (5 s) when appropriate.

For each picture, the most frequently produced instances were
selected to be employed in the following phase. In the few cases
where there was a tie between the frequency of two instances
(4% of the total), the one associated with faster response times
was preferred (but note that we did not instruct participants to
respond as quickly as possible).

In two cases, the fastest response was not selected by error;
these words are highlighted by an asterisk in the data set.

Index Recollection
The previously selected stimuli presented in the index
recollection tasks appeared in a random order for each
participant, using procedures like the ones employed in other
studies (Bonin et al., 2008; Marful et al., 2018).

Conceptual familiarity task
Conceptual familiarity ratings were collected by following Barry
et al. (1997) and Cuetos et al.’s (1999) procedure. Thirty
participants (26 females, mean age = 22, SD = 5.21) were

2Notice that ToTs were not collected employing the standard procedure. In the
standard ToT collection procedure, when a participant reports being in a ToT
state, the target word appears in a recognition test to distinguish between positive
and false ToTs (e.g., Gollan and Brown, 2006). However, in the current normative
study, we did not have any a priori correct item to be used as a target in
the recognition phase, since all possible responses were potentially correct. For
example, if participants are presented by the picture called “human” (humano.png)
in the ARASAAC database, different correct responses can be generated (body,
man, human being, silhouette, etc). If the label “human” being is selected as a
target, responses from participants that suffered ToTs when tried to recover other
correct labels (body, silhouette, etc) would not be considered as positive ToTs,
decreasing artificially the total number of ToTs experiences in the study. This
limitation is important because there is a wide mismatch (64%) between the label
assigned in the ARASAAC database and the label that we obtained after the written
name agreement phase. Thus, we did not include this recognition phase in the
ToT task procedure (see Marful et al., 2018, for a similar procedure), and the raw
number of ToTs were included in the analysis. These data, in consequence, must
be interpreted with caution (see Gollan and Brown, 2006, for a description of the
possible limitations of this approach).

instructed to rate the conceptual familiarity of each picture
defined as ‘the degree to which you come in contact with, or
think about, the thing depicted’. Thus, after a fixation point
(500 ms), the picture appeared for 4 s or until a response, and
participants rated its conceptual familiarity on a five-point Likert
scale (1 = very unfamiliar, 5 = highly familiar).

Image agreement task
In this task, 34 participants (29 females, mean age = 20.35,
SD = 1.62) indicated the extent to which a presented picture
corresponded to the mental image they had of the corresponding
concept (e.g., Marful et al., 2015). Thus, after a fixation point
(500 ms), the corresponding word appeared on the center of
the screen (2 s). After that, a fixation point was showed and
participants were instructed to create their mental image of this
concept (5 s). Finally, the picture was presented for 4 s or until
a response, and participants rated the agreement between their
mental image and the presented picture on a 5-point Likert scale
(1 = low agreement, 5 = high agreement).

Visual complexity task
Following previously established procedures (e.g., Cuetos and
Alija, 2003; Bonin et al., 2004), 35 participants (30 females, mean
age = 21.65, SD = 5.24) were instructed to rate the complexity
of each picture. They were told to rate the picture itself rather
than the complexity of the concept that it represented. Visual
complexity was defined as the number of details of the picture or
the intricacy of the lines. Thus, after a fixation point (500 ms), the
picture appeared for 4 s or until a response, and participants rated
its visual complexity in a 5-point Likert scale (1 = very simple,
5 = very complex).

Response Time (RT) Task
The previous 295 pictures were presented to 40 participants (34
females, mean age = 20.86, SD = 2.54) in a response time naming
task using a vocal key. Participants were instructed to name each
picture as soon as possible without error or hesitation, or they
had to indicate the reason in case they were not able to produce
a response (they did not know the picture, they knew the picture
but not its name, or they knew the picture name, but they suffered
a ToT experience) using an appropriate choice on the computer’s
numeric keyboard. One randomized list was created and divided
in two blocks counterbalanced across participants. Each trial
started with a fixation point (500 ms), followed by a picture to
name (4 s), a slide to indicate the reason for a non-response
when appropriate (4 s), and a blank inter-trial slide (2 s). Stimuli
appeared with breaks every 20 assays. Naming errors, hesitations,
and voice-key failures were recorded by the experimenter.

RESULTS

This dataset is available in Supplementary Table S1, that contains
the modal name of each picture and its English translation, the
name of the picture in the ARASAAC norms followed by its
English translation, a column indicating if the modal name and
the name provided in ARASAAC coincide, the name of the file for
each picture, two measures of name agreement (name agreement
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TABLE 1 | Descriptive statistics in the normative study.

Name
agreement

H index Conceptual
familiarity

Image
Agreement

Visual
Complexity

Phonemes ToTs RTs AoA

Mean 0.5 2.04 3.6 4.14 2.38 6.2 0.89 1097 2.66

Standard
Deviation

0.25 0.92 0.8 1.2 1.46 2.03 1.34 236 0.80

Asymmetry 0.346 −0.345 −0.84 −1.01 0.25 0.69 3.01 0.97 0.88

Percentile

25 0.29 1.3 3.21 3.89 2 5 0 925 2.16

50 0.46 2.16 3.73 4.24 2.36 6 0 1059 2.60

75 0.72 2.77 4.23 4.53 2.76 7 1.00 1233 2.96

Reliability 0.93 0.91 0.94 0.91 0.88 – – 0.84 –

TABLE 2 | Correlations.

Name agreement H Conceptual
familiarity

Image
agreement

Visual
complexity

Phonemes AoA ToTs

H −0.931∗∗

Conceptual
familiarity

0.433∗∗ −0.351∗∗

Image agreement 0.486∗∗ −0.413∗∗ 0.462∗∗

Visual complexity −0.166∗∗ 0.148∗ −0.017 −0.049

Phonemes −0.109 0.157∗∗ 0.152∗∗ 0.068 0.199∗∗

AoA −0.138 0.170∗ −0.086 −0.110 0.268∗∗ 0.348∗∗

ToTs −0.360∗∗ 0.290∗∗ −0.204∗∗ −0.349∗∗ 0.121∗ 0.006 0.120

RT −0.335∗∗ 0.334∗∗ −0.294∗∗ −0.415∗∗ 0.227∗∗ 0.122∗ 0.355∗∗ 0.266∗∗

∗∗p < 0.01; ∗p < 0.05.

scores and H scores), means of conceptual familiarity, visual
complexity, image agreement, number of ToTs, and response
times (RT). The number of phonemes of the modal name and
values of age of acquisition (AoA) from the ESPAL database
(Duchon et al., 2013) and Davies et al. (2013), respectively, were
also provided. Unless otherwise indicated, item analyses were
performed averaging or counting over subjects.

Validity and Reliability
Finally, in the last column, a measure of the validity of the
different scales is provided. Since this is the first normative study
with ARASAAC pictograms collected in Spain, validity cannot
be tested by comparison to an external study. However, given
that two different samples of subjects performed name generation
tasks when presented the same set of pictures (i.e., participants
produced written names in the proper name agreement task
and named pictures vocally in the RT task), we conducted a
validity test on these data. Although correlational analyses have
traditionally been carried out to estimate this psychometric index,
when the assignment involves a generation task, other indices
seem more convenient (e.g., see Yoon et al., 2004, for a list of
possible limitations of correlational analysis in a similar context).
Consequently, we calculate the Hellinger affinity (HA) scores for
each concept (see the equation below and Lausen et al., 2005, for a
more complete description). This index has also been calculated
in other normative studies that included generation tasks (e.g.,
Yoon et al., 2004; Marful et al., 2015).

Hellinger affinity indicates the degrees of overlap between two
distributions (the written name agreement and the oral name

agreement data in this case), and its value range from 1 (two
identical distributions) to 0 (indicating no overlap between the
distributions). For each concept, HA is calculated by finding the
square root of the product of the two distribution proportions
(pi, qi). Results indicate a high degree of overlap between the
two naming tasks (mean = 0.78, SD = 0.14); in fact, HA values
higher than 0.50 were obtained for 95% of the concepts (see
Supplementary Table S1). Taken together, these data confirmed
the general validity of the normative study.

HA (p, q) =

n∑
i=1

√
piqi

The reliability of the different scales was evaluated employing
the split-half method. To this aim, participants were randomly
divided into two equal groups in each scale, and the values
obtained were correlated employing the Spearman–Brown
correction. High levels of reliability were observed in all the scales
as depicted in Table 1 (rank 0.84–0.93, average = 0.89).

Descriptive Statistics
Table 1 contains the means of the descriptive statistics for the
different tasks. First, name agreement scores for each picture were
calculated.

As described below, two indices of name agreement were
computed. First, we calculated the name agreement index, that
is, the percentage of modal name responses out of the total
responses for a given picture. Given that NA is not sensitive
to the heterogeneity of the names produced for a picture, we
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also calculated the preferable name agreement index, called the
H statistic (Snodgrass and Vanderwart, 1980). H-values close
to 0 indicate a high degree of agreement between participants,
while higher values show a reduced degree of agreement. The
formula used to calculate H scores is depicted below: K refers
to the number of different names provided for each picture
and pi is the proportion of responses to each name. The three
categories of naming problems (i.e., “do not know the picture,”
“do not know its name,” or a “ToT” state), that were included
when calculating proper name agreement were eliminated when
calculating H.

H =
K∑

i=1

pi log2(
1/pi)

Results for these two indices showed a low level of agreement
accompanied by a high variability in these values (see Table 1
for descriptive statistics). The name agreement distribution
showed a positive asymmetry, illustrating that low levels of
name agreement were more frequent than high levels of name
agreement. In the same sense, the distribution of H scores
showed a negative asymmetry, indicating that high H scores were
more frequent. As traditionally observed, there was a significant
negative correlation between the name agreement and the H
scores (r = 0.93, p < 0.0001).

We also compared the total number of coincidences between
the modal category obtained in the name agreement task and the
name provided by the ARASAAC norms. Out of 295, there were
188 cases (63.7%) where these two names differed.

The results of the conceptual familiarity scores indicated that,
on average, participants rated the selected pictures with a medium
level of familiarity. These values were negatively distributed;
that is, higher values of familiarity were more frequent (see
Table 1).

Mean values of Image Agreement indicate a high level of
correspondence between the picture and the mental image of
the concept. The distribution of the values showed a negative
asymmetry, indicating that higher values of correspondence were
more frequent.

Visual complexity scores showed that the selected pictures
were, on average, considered relatively simple (see Table 1).
Supporting this idea, lower values of complexity were more
frequent in the data distribution as revealed by the negative
asymmetry value.

ToTs were rarely elicited by these stimuli (M = 0.89) and the
distribution showed a positive asymmetry; low numbers of ToTs
were more frequent.

Response Times and ToTs
Similar to the written name agreement task, responses during the
RT task were highly variable. We employed the same cut-offs used
in Bonin et al. (2008) and in Marful et al. (2018). Thus, we deleted
data from participants with less than 21% of correct responses
(a total of 3 participants) and RTs that exceeded 2 SD from each
item’s mean.

Interestingly, RTs correlated with all indices (see Table 2).
Concretely, RT was positively correlated with the H index,
visual complexity, number of phonemes, AoA, and ToTs,

and negatively with name agreement, conceptual familiarity,
and image agreement. The H index correlated positively with
visual complexity, number of phonemes, AoA, and ToTs and,
negatively with name agreement and conceptual familiarity.
Name agreement correlated positively with image agreement and
conceptual familiarity and negatively with visual complexity and
ToTs. Conceptual familiarity and ToTs were negatively correlated
while conceptual familiarity and image agreement correlated
positively. Finally, visual complexity correlated positively with
number of phonemes, AoA, and ToTs, and number of
phonemes correlated positively with conceptual familiarity and
AoA.

All the variables with the exception of the H index (that
were strongly correlated with name agreement) were submitted
as independent variables to a step-wise regression analysis with
response times as dependent variable3. In the stepwise regression
analysis, each independent variable with the smallest p-value was
entered, and variables already in the model were removed if
their probabilities were sufficiently large. This method terminated
when no more variables were eligible for inclusion or removal
(IBM SPSS, Version 20).

Results indicated that image agreement, AoA and conceptual
familiarity predicted RTs; see Table 3. When only exemplars with
higher levels of name agreement were selected (i.e., values equal
to or higher than 0.50), results indicated that visual complexity,
name agreement, image agreement, and AoA explained the
variability in response times.

A different step-wise regression analysis was carried out with
the number of ToTs as dependent variables and the rest of the
variables, with the exception of the H index, as independent
variables. Results indicated that the best model included image
agreement and name agreement as predictors. When only values
equal to or higher than 0.50 in the name agreement scores were
selected, image agreement and visual complexity entered in to the
model. See Table 4.

DISCUSSION

With the aim of developing a useful tool for professionals
in the field of communication disorders and researchers of
speech production, this study provides normative data for the
295 most frequent stimuli from the ARASAAC pictographic
system. For each stimulus, the modal name, two measures
of name agreement (name agreement and H scores), visual
complexity and conceptual familiarity scores, image agreement
scores, proportion of TOTs, and RTs in production tasks were

3Name agreement was included in the analysis following the procedure of
Bonin et al. (2008). Following the suggestion of an reviewer, we also included
H (instead of name agreement) in the regression analysis. Results resembled
the previously observed pattern with name agreement, and the same variables
were included in the best models (with the exception that, when the previous
model entered name agreement, H statistics were added) when testing RTs (image
agreement, B = −149.13, SD = 30.17, t(189) = −4.94, p = 0.0001; AoA, B = 89.63,
SD = 17.8, t(189) = 5.03, p = 0.0001, and conceptual familiarity, B = −51.50,
SD = 20.85, t(189) = −2.47, p = 0.014, R2 = 0.31) and ToTs (image agreement,
B =−0.97, SD = 0.15, t(192) =−6.35, p = 0.0001; H statistics, B =−0.22, SD = 0.08,
t(192) = 2.65, p = 0.009, R2 = 0.30).
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TABLE 3 | Step-wise regression with RT as a dependent variable.

Variables B SE t Sig. R2

Image
agreement

−149.13 30.1 −4.94 0.0001 0.31

AoA 89.63 17.830 5.03 0.0001

Conceptual
familiarity

−51.50 20.85 −2.47 0.014

Name Agreement > = 0.50

Visual
complexity

103.17 27.19 3.79 0.0001 0.37

Name
agreement

−294.26 120.19 −2.45 0.016

Image
agreement

−89.0 43.23 −2.06 0.042

AoA 43.741 21.24 2.060 0.042

TABLE 4 | Step-wise regression with ToT as a dependent variable.

Variables B SE T Sig. R2

Image
agreement

−0.91 0.16 −5.76 0.0001 0.31

Name
agreement

−0.98 0.31 −3.11 0.002

Name Agreement > = 0.50

Image
agreement

−0.70 0.13 −5.55 0.0001 0.31

Visual
complexity

0.26 0.08 3.27 0.002

collected. Reliability and validity of these scales were shown to
be adequate.

Importantly, this study provides the modal name obtained
from a name production task for each selected pictogram. In
general, there is a low level of overlapping between the modal
names obtained in this study and the labels provided in the
ARASAAC database (36% concurrence). This result is important
because it indicates that the names that have traditionally been
linked to each picture in the ARASAAC database may not be the
most suitable. One possible reason for these discrepancies could
be that the ARASAAC names are based on subjective criteria and
not on controlled normative studies. From this view, this study
is in accordance with the increasing trend in speech therapy,
psychology, and related fields toward the integration of the best
available research in applied practice (evidence-based practice
approach).

Furthermore, results from the current study showed that
image agreement, age of acquisition, and conceptual familiarity
predicted naming times. Thus, stimuli with higher values of
image agreement, conceptual familiarity, and early acquisition
were named more quickly. When only stimuli with higher
levels of name agreement (higher than 0.50) were selected,
visual complexity and name agreement also entered in to the
model, indicating that those stimuli were less visually complex,
produced higher levels of agreement in their names, and were
more rapidly named. Regarding the ToT responses, results
indicated that image agreement and name agreement modulated

the number of ToTs (more image agreement and more name
agreement produced fewer ToTs). When stimuli with higher
levels of name agreement were selected (values higher than 0.50),
image agreement and visual complexity entered in to the model,
indicating that higher values of image agreement and less visual
complexity elicited a reduced number of ToTs. These patterns
of results in the regression analyses are relevant because they
demonstrate that the set of indices collected in the current study
are suitable modulators of speech processes. These data are also
in accordance with principal models of speech production in
that, with differences in the conceptualization of the specific
mechanisms, they support the assumption that picture naming
involves the retrieval of different types of information: the visual
information extracted from the picture, the meaning of the
depicted stimulus, and the lexical and phonological information
associated with the intended target word in order to initiate the
articulatory motor program of the name (Dell, 1986; Caramazza,
1997; Levelt et al., 1999). In this context, the ease of processing
in production acts at the level of the structural stage of object
recognition for the visual complexity and image agreement
dimensions related to the uncertainty of pictures (Vitkovitch
and Tyrrell, 1995; Bonin et al., 2002; Cheng et al., 2010).
Meanwhile, conceptual familiarity is assumed to take place at
the semantic/conceptual level (Perret and Bonin, 2018). At the
subsequent level of lexical access, the name agreement related
to the activation of more than one alternative name arises
(Vitkovitch and Tyrrell, 1995; Bonin et al., 2002; Cheng et al.,
2010) when the correct name needs to be selected from among
competing alternatives (Kan and Thompson-Schill, 2004a,b; Shao
et al., 2014). During the selection, nouns that are acquired early
seem to have a more consolidated connection within the speech
production system (Ellis and Lambon Ralph, 2000; Belke et al.,
2005; Navarrete et al., 2013).

The current dataset provides valuables indices to be employed
in different speech-related domains. Its validity, however, can
be limited to the geographical and linguistic context where the
norms are being collected. In this line, researchers of linguistic
materials have opted to develop specific normative studies in
different countries. For example, after the seminal work of
Snodgrass and Vanderwart that provided normative data for a
set of pictures in an English-speaking population, researchers
from different countries developed new normative studies on
these stimuli in Spanish (Sanfeliu and Fernandez, 1996; Cuetos
et al., 1999; Moreno-Martínez and Montoro, 2012), in English
(Barry et al., 1997), in French (Alario and Ferrand, 1999), in
Mandarin Chinese (Liu et al., 2011) and in Russian (Tsaparina
et al., 2011). Even in the case of Spanish-speaking countries other
than Spain, the generalization of the current norms must be made
with caution.

CONCLUSION

This dataset is expected to facilitate communication processes for
those people who demand visual support in their interaction with
the environment, both in the field of disability (autism, cerebral
palsy, cognitive deficit, aphasia, dementia, etc.), as well as in the
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social sphere (relations in hospital settings, retirement homes, or
interlingual communication) since communication and language
are essential for every human being and a fundamental right
recognized by all international organizations (United Nations,
2006).
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