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Developmental and longitudinal studies with children increasingly use pictorial stimuli in cognitive, psychologic,
and psycholinguistic research. To enhance validity and comparability within and across those studies, the use of
normed pictures is recommended. Besides, creating picture sets and evaluating them in rating studies is very time
consuming, in particular regarding samples of young children in which testing time is rather limited. As there is
an increasing number of studies that investigate young German children's semantic language processing with
colored clipart stimuli, this work provides a first set of 247 colored cliparts with ratings of German native
speaking children aged 4 to 6 years. We assessed two central rating aspects of pictures: Name agreement (Do
pictures elicit the intended name of an object?) and semantic categorization (Are objects classified as members of
the intended semantic category?). Our ratings indicate that children are proficient in naming and even better in
semantic categorization of objects, whereas both seems to improve with increasing age of young childhood.
Finally, this paper discusses some features of pictorial objects that might be important for children's name

agreement and semantic categorization and could be considered in future picture rating studies.

1. Introduction

Pictures of objects are a basic instrument for investigating develop-
mental changes in memory, perception, and language processing in
cognitive, (neuro-)psychological, and psycholinguistic studies (e.g.,
Ballesteros et al., 2007; Bonin et al., 2003; Landrum, 1997; Meck-
lenbrauker et al., 2001; Reales & Ballesteros, 1999). In the latter,
pictorial objects are an important component of the so-called Visual
World Paradigm. Here, adults and children look at computerized visual
scenes of pictorial objects and listen to recorded sentences at the same
time, while their eye-movements are recorded. Based on the evaluation
of their eye movements, it is then possible to draw conclusions about
their language processing (Altmann & Kamide, 1999). In recent years,
psycholinguistic studies using the Visual World Paradigm often have
shown that during language processing, adults and children leverage
their semantic knowledge to actively anticipate upcoming words, rather
than just passively receiving them (for a review, see Pickering & Gambi,
2018). For instance, when hearing a sentence like “The man eats soon
the cake.”, adults and children anticipatorily look at the picture of a cake
rather than the picture of a tractor upon hearing the verb eat and before
the end of the sentence. This indicates that they anticipate how the
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sentence might proceed based on the verb already. Reason for this is that
the verb eat is semantically constraining, thus limits the number of verb
arguments that plausibly complete the sentence to those words
belonging to a particular semantic category, edible objects in this
example (Altmann & Kamide, 1999; Andreu et al., 2013; Ankener et al.,
2018; Mani & Huettig, 2012, 2014; Nation et al., 2003).

Thus, pictorial objects are a beneficial tool to investigate anticipatory
language processing (for a review, see Pickering & Gambi, 2018). This is
an important methodological advantage for psycholinguists, since
research on anticipatory language processing recently attracts attention,
particularly regarding its development in young childhood (Andreu
et al., 2013; Borovsky et al., 2012; Borovsky & Creel, 2014; Mani &
Huettig, 2012, 2014; Nation et al., 2003). This may result from the fact
that early childhood is a critical period of language development (e.g.,
Al-Harbi, 2020; Lenneberg, 1967), and that anticipation could, at least
in part, explain the speed and accuracy of language processing from
early childhood on (Mani & Huettig, 2012).

However, conclusions about anticipatory language processing (or
other research phenomena such as memory or perception) are most
valid if pictorial stimuli are normed or rated for particular age ranges to
ensure that the presented pictorial objects (a) are recognized in the
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intended way and (b) can be understood as members of the verb-induced
semantic categories (Borovsky et al., 2012; Borovsky & Creel, 2014;
Nation et al., 2003). Otherwise, we can expect rather mixed findings
across developmental studies, due to differences in the used stimulus
materials, which in turn hamper the comparability across studies as well
as the drawing of strong empirical conclusions (Berman et al., 1989;
Bonin et al., 2003; Cycowicz et al., 1997; Sanfeliu & Fernandez, 1996;
Severens et al., 2005; Snodgrass & Vanderwart, 1980). It is important to
note that skipping picture rating and using existing norms of corre-
sponding verbal materials instead is no solution. This is because some
studies using picture stimuli address groups of children who cannot read
yet, so that the corresponding verbal or written ratings of pictures may
not be appropriate for them. Furthermore, the processing of words and
pictorial objects differs remarkably. For instance, adults and children
show shorter naming times for words than for pictures (Greenham &
Stelmack, 2001; Theios & Amrhein, 1989; Valente et al., 2016), whereas
at least adults categorize pictures faster than words (Durso & Johnson,
1979; Potter & Faulconer, 1975). This difference in task performance
between pictorial objects and verbal materials could result from the fact
that the lexical-semantic access depends on a variety of features of
pictorial objects, such as their quality or complexity as well as the fre-
quency or age of acquisition of their names (e.g., Bonin et al., 2003;
Kosslyn & Chabris, 1990; Sanfeliu & Fernandez, 1996; Snodgrass &
Vanderwart, 1980).

In sum, pictorial stimuli should be evaluated in a rating study before
the actual experiment is conducted to ensure the validity and compa-
rability of the results (e.g., Snodgrass & Vanderwart, 1980). This is
common practice not only in the field of language processing research
(e.g., Ankener et al., 2018; Borovsky et al., 2012; Borovsky & Creel,
2014; Staudte et al., 2021). However, creating new stimulus materials
and evaluating them in rating studies is very time consuming, in
particular regarding samples of young children in which testing time is
rather limited (Bonin et al., 2003; Sanfeliu & Fernandez, 1996; Snod-
grass & Vanderwart, 1980).

The main aim of the present study is therefore to provide an initial set
of 247 colored cliparts with their ratings of recognition and semantic
categorization for German children aged between 4 and 6 years. The
recognition ratings of colored objects are generally useful for experi-
mental researchers examining developmental changes in memory and
perception (cf. Baadte & Meinhardt-Injac, 2019; Cycowicz et al., 2001;
Pezdek, 1987; Will et al., 2021), while the ratings on semantic catego-
rization are of particular interest for psycholinguistic researchers
assessing developmental changes in (anticipatory) language processing
(Andreu et al., 2013; Borovsky et al., 2012; Borovsky & Creel, 2014;
Mani & Huettig, 2012, 2014; Nation et al., 2003).

Surprisingly, normative data for the recognition of pictorial stimuli
are still sparse (Bonin et al., 2003). To date, a few data sets with
recognition norms for pictorial stimuli exist for adult samples in
different languages (e.g., English norms: Saryazdi et al., 2018; Snodgrass
& Vanderwart, 1980, French norms: Bonin et al., 2003, German norms:
Schroder et al., 2012, Multi-language norms: Dunabeitia et al., 2018;
Kremin et al., 2003). For children, there are English norms for 5- to 10-
year-olds (Berman et al., 1989, n = 40; Cycowicz et al., 1997, n = 32)
and Portuguese norms for 5- to 7-year-olds (Pompéia et al., 2001, n =
36). Moreover, Wang et al. (2014) collected picture norms for 4- to 6-
year-old Chinese Mandarin native speakers (n = 66) and Cannard
et al. (2005) normed pictures for 3- to 8-year-old French native speaking
children (n = 960). However, to date there exist no ratings for semantic
categorization of pictorial objects for children as well as no recognition
ratings for young German children.

Notably, pictorial objects need to be normed for each language
separately, because the way speakers ascribe properties to pictures (e.g.,
picture names) differs across languages and cultures (Bonin et al., 2003;
Dimitropoulou et al., 2009; Pompéia et al., 2001; Sanfeliu & Fernandez,
1996). Also, it is important to consider picture norms of children in the
age range of interest, because it differs remarkably across age how
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individuals process pictorial objects (Borovsky et al., 2012; Borovsky &
Creel, 2014; Nation et al., 2003). For example, the way object pictures
are named has been shown to vary between age groups, such as
kindergarten and school children (e.g., Berman et al., 1989; Cycowicz
et al., 1997; Pompéia et al., 2001). This might be due to age-related
differences in language and visual experience between younger and
older children (Cycowicz et al., 1997).

The present work is therefore the first to provide a public data set of
pictorial objects with their ratings on recognition as well as on semantic
categorization for young German-speaking children between 4 and 6
years. We believe that these ratings are very helpful for experimental
researchers designing studies for examining developmental changes in
memory, perception, and language in early childhood. As an indicator of
recognition, we collected ratings for the most popular aspect of pictorial
objects, that is name agreement (Pompéia et al., 2001). Name agreement
(NA) is defined as the extent to which participants agree on a particular
name to refer to an object (Bonin et al., 2003). Name agreement ensures
that an object is familiar to children and that its pictorial appearance is
recognized, thus elicits the intended object representation (Borovsky
etal., 2012; Borovsky & Creel, 2014). Name agreement is high when the
number of alternative names that participants provide for a given object
is low (Snodgrass & Vanderwart, 1980). Most researchers measure name
agreement in two ways (e.g., Bonin et al., 2003; Snodgrass & Vander-
wart, 1980): First, they compute the percentage of participants pro-
ducing the most common name of a pictorial object (which is called
“common NA” in this study). Second, they determine the information
statistic H index (Shannon, 1948), which takes into account the alter-
native names that participants produce for a concept (Ghasisin et al.,
2014; Snodgrass & Vanderwart, 1980). Since naming of pictorial stimuli
is very variable in early childhood (Cycowicz et al., 1997), we addi-
tionally provide a more liberal measure of name agreement. Therefore,
we calculated the percentage of children producing the intended name
or a similarly correct synonym of a picture which we term “extended
NA”. This information can be useful if general recognition of pictorial
objects and their properties is of higher interest than producing the most
common picture name, as for instance in studies on language processing
in combination with pictorial stimuli (e.g., Ankener et al., 2018; Bor-
ovsky et al., 2012; Borovsky & Creel, 2014; Huettig & Mani, 2016; Mani
& Huettig, 2012, 2014).

We also collected for the first time ratings of semantic categorization,
which we understand as the classification of objects as members of
intended semantic categories (cf. Federmeier & Kutas, 1999). Here,
semantically constraining verbs that only allow for a limited number of
arguments (e.g., eat), served to constrain semantic categories (e.g.,
edible). That is, all edible objects would be members of the semantic
category edible. Such a semantic classification of picture stimuli is very
useful for psycholinguistic research on anticipatory language processing
(e.g., Ankener et al., 2018; Borovsky et al., 2012; Borovsky & Creel,
2014; Huettig & Mani, 2016; Mani & Huettig, 2012, 2014). Here,
pictorial objects assessed in terms of their semantic properties can
answer the question to what extent children process language antici-
patorily based on semantic properties of the given linguistic and visual
information (Pickering & Gambi, 2018). This recently attracted atten-
tion because anticipation seems to affect the speed and accuracy of
language comprehension (Mani & Huettig, 2012), while being modu-
lated by various developmental features such as a children's age or
language experience in terms of vocabulary size and reading skills
(Borovsky et al., 2012; Borovsky & Creel, 2014; Mani & Huettig, 2012,
2014; Nation et al., 2003).

Norming studies with adults often also collect data on naming la-
tencies (e.g., Bonin et al., 2003; Snodgrass & Vanderwart, 1980), which
is prone to be even more variable in young children, and therefore was
not measured in the present study. Also, because testing time with young
children is limited (Brewer et al., 2013) and because they are not
familiar with the concepts of visual complexity, age of acquisition, and
familiarity, we collected no judgements about these features of our
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stimuli.

Before selecting the pictorial stimuli for our study, we looked at the
stimulus sets of existing large-scale norming studies. Most of them
provided norms (e.g., name agreement, naming latencies, familiarity,
visual complexity, age of acquisition) only for black and white line
drawings (e.g., Berman et al., 1989; Bonin et al., 2003; Cycowicz et al.,
1997; Snodgrass & Vanderwart, 1980). However, the ecological validity
of study results increases with increasing iconicity of the used picture
stimuli (Reuter et al., 2020), reflecting the extent to which images
resemble the real-world objects they represent (Saryazdi et al., 2018).
Because colors are a key indicator of a picture's iconicity (Moreno-
Martinez & Montoro, 2012), many research on language processing (e.
g., Andreu et al., 2013; Ankener et al., 2018; Ankener, 2019; Nation
et al., 2003; Staudte et al., 2021) or memory and perception (e.g.,
Cycowicz et al., 2001; Will et al., 2021) is conducted with colored pic-
ture stimuli. To be more precise, these studies often use colored clipart
pictures as stimuli. This might be due to the fact that colored cliparts
combine the claim of (a) being a highly realistic representation of the
intended object, while (b) containing a minimum of deflecting details
(Saryazdi & Chambers, 2018). Thus, the use of colored clipart stimuli
may reduce possible additional effort in participant's object recognition
which might enable them to focus on the main task of a given experi-
mental situation. Therefore, we decided to rate colored clipart pictures
in our study.

In sum, the main goal of this work was to provide ratings on recog-
nition and semantic categorization for a large data set of pictorial objects
for young German children aged between 4 and 6 years that are not
available in the literature so far. These ratings can be useful for exper-
imental researchers designing developmental studies to determine age
changes in cognitive functioning, in general, and in anticipatory lan-
guage processing, in particular. To achieve this goal, we first selected
247 colored objects from open sources and assigned them to visual
scenes of four objects whereas the number of objects fitting to a semantic
category varied across the scenes. Children aged 4 to 6 were instructed
to first name all objects of a scene and then to select all objects fitting to a
semantic category. As comparable to other studies in the field (e.g.,
Borovsky et al., 2012; Borovsky & Creel, 2014; Nation et al., 2003;
Staudte et al., 2021), we collected data from 40 children and determined
common name agreement, extended name agreement, H index, and
semantic categorization averaged and for each age group separately (see
Supplement 1).

2. Material and methods
2.1. Participants

Forty kindergarten children (mean age = 5.5 years, range 4.0 to 6.8,
SD = 0.82) participated in the study, whereas 12 children were 4 years
old, 18 of them were 5 years old, and 10 children were 6 years old. They
all were German native speakers without any reading and writing
experience. Data from seven additional children were excluded due to
other native languages (n = 4) and problems during testing (n = 3).
Children were recruited via flyer and newspaper advertisement. The
study was approved by a local ethics committee of Saarland University.
All parents filled in a consent form and received 10 Euro as
compensation.

2.2. Stimulus materials

We created a set of 247 colored clipart pictures which we collected
from free clipart libraries (see the picture folder and Supplement 2 in the
Supplemental materials for the cliparts and details on the libraries).
Some pictures were created via combining and modifying existing cli-
parts. For better recognizability, some pictures were re-inked and all
pictures were cleared of shadows and lettering. Any editing was done
with Microsoft “Paint 3D”. All pictures were presented computerized at
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a size of 750 mm x 750 mm.

To measure name agreement and semantic categorization at the
same time we assigned four objects to a visual scene (see Fig. 1), with the
exception of seven objects that were presented individually on the
screen and served as practice items at the beginning of the session to
instruct the naming task. The remaining 240 items were sorted in two
different types of items which we termed test pictures and filler pictures.
For the filler pictures, the objects (n = 64) were randomly assigned to the
scenes (n = 16) and the children's task was only to name the objects. We
did this to avoid that the children performed only one task throughout
the whole experiment (monotony) and by this get bored and lose interest
in the study.

For the majority of 176 so-called test pictures, we collected both
name agreement and semantic categorization ratings. The objects and
scenes were selected in two steps. In the first step, we searched for 44
semantically constraining verbs, each specifying a particular semantic
category (see Supplement 3). Most of these verbs were taken from pre-
vious studies on predictive language processing in which these verbs
were associated with high close probabilities (cf. Andreu et al., 2013;
Ankener, 2019; Mani & Huettig, 2012). The remaining verbs were
selected on the basis of face-validity by three German native speakers of
our research group. In the second step, we then selected for each verb (e.
g., eat) four colored cliparts assumed to be consistent with the verb-
induced semantic category (e.g., edible) and familiar to children (e.g.,
cake, cookie, muffin, and yoghurt). In total, there were 176 test pictures,
four of each belonging to the same semantic category. Noteworthy, a
small number of verb-object matchings was not very typical (e.g., the
verb break was matched with a television picture). This is because we
aimed at collecting ratings for a considerable number of semantically
constraining verbs paired with four pictorial objects each, that in turn
had to be familiar to children. As the number of objects children are
familiar with is limited, a few of the verb-object matchings were rather
atypical but still plausible (e.g., it is actually possible to break a televi-
sion). Indeed, this may not be problematic for our data base, as potential
users can go through the data and make their own selections.

For the assignment of the test pictures to scenes, we created 44
congruent and 44 incongruent picture scenes. For congruent picture
scenes, each four objects belonged to the same semantic category. For
instance, we presented four edible objects together (e.g., cake, cookie,
muffin, and yoghurt). For incongruent picture scenes, only one object of
each scene (e.g., cake) matched to the semantic category (e.g., edible)
while the other three objects belonged to another sematic category (e.g.,
the drivable bus, scooter, tractor). Because testing time is limited for

T
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=

Fig. 1. Example of a picture scene.

Note. After enough time to inspect the scene, the naming task began. Children
were asked to name the objects. Here we expected the names “Roller”, “Trak-
tor”, “Bus”, and “Kuchen” (scooter, tractor, bus, cake). For most picture scenes,
the categorization task followed. In this example, children were asked to
identify those objects that are “edible”, and we expected “cake” as answer.
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children (Brewer et al., 2013), we divided the scenes into two stimulus
lists, each with 22 congruent and 22 incongruent picture scenes. Here, a
semantic category that was presented in a congruent scene in list A (e.g.,
four edible objects) was presented in its incongruent version in list B (e.
g., one edible next to three inedible objects). For the filler pictures, 10
randomly chosen filler scenes were presented in both stimulus lists,
whereas 6 filler scenes were randomly distributed to only one of the
stimulus lists.

In total, the 247 object pictures were divided to two lists of 169
pictures. Each list contained 7 practice pictures, 110 test pictures, and
52 filler pictures. Ninety-one pictures were part of both lists (7 practice
pictures, 44 test pictures that were presented in a congruent and in an
incongruent scene, 40 filler pictures), and were therefore rated by all 40
children. Seventy-eight pictures were part of only one list each (132 test
pictures, 12 filler pictures), and were therefore only rated by 20 chil-
dren. All 40 participants received only one list. After every second or
third scene with test pictures, a scene with filler pictures followed.

2.3. Rating tasks

After naming the seven practice items, participants were presented
with 60 scenes, each with four different pictorial objects (see Fig. 1).
Once children had inspected a picture scene, the naming task started.
Children were instructed to name the objects to the best of their
knowledge while the experimenter pointed to them one after the other,
always starting with the top object, followed by the next three objects in
a clockwise direction. If no name was given, the experimenter asked
again “What could that be?” until children produced a name or negated
to know it. The naming task took as long as children needed to name all
four objects (or to negate to know them) which they did rather quickly
after the experimenter pointed at them.

Then, children responded to the categorization task, in which they
were asked if none, one, or more objects of a scene were suitable ar-
guments for a certain constraining verb. For example, in the scene
presented in Fig. 1, they were asked “Can one eat one or more of those
objects and if so, which one(s)?”, whereas the German translation of the
phrase “which one(s)” is “welche” and does not indicate whether the
answer is one or more objects. Here, the children could answer in the
order of their choice. If children hesitated, the experimenter engaged
them to try an answer only once.

2.4. Procedure

Children were tested individually in one-hour sessions at Saarland
University. Parents filled in a consent form, and a form about their
children's age and mother language. Then, the experimenter and the
child entered the laboratory. After a short adaptation phase, children
were asked to take a seat in front of the computer and to look at the
picture scenes on the screen. Then, they performed the naming and the
categorization task. After each trial, children's answers were noted in a
test protocol and the experimenter started the next trial. Participants
were given a short break after each third of stimuli (i.e., 20 scenes). At
the end, families received the reimbursement.

2.5. Measures

The combination of the naming and the categorization task allowed
us to not only provide ratings for certain object pictures but also for
verb-object associations, that are often required for psycholinguistic
experiments (e.g., Ankener et al., 2018; Borovsky et al., 2012; Borovsky
& Creel, 2014; Huettig & Mani, 2016; Mani & Huettig, 2012, 2014).

2.5.1. Name agreement

We measured name agreement in three ways. Extended NA was
calculated as the percentage of children who named an object with the
intended name or with a similarly correct synonym. Wrong names
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(being neither the correct name nor a synonym) and “do not know an-
swers” were rated as “wrong answers”.

The intended names of the pictures were determined a-priori by
three independent German native adult experts of our research group.
For instance, regarding the “ball” picture, all three experts distinguished
a-priori that the intended name is “ball”. Post-hoc, the same experts
determined all given alternative answers, i.e., all answers not being
identical with the intended picture names, as either a synonym or a
wrong name. As synonym we understood an official other correct name
of the picture with respect to the intended picture name (verified by
https://www.duden.de/synonyme, last access: December 14, 2021). For
example, the German word “Karotte”, which is a similarly correct name
for the German word “Mohre”, was rated as synonym for the “Mohre”
picture. In addition to that, we rated diminutives (e.g., “Wiirstchen”
instead of “Wurst™), accurate other names of the cliparts (e.g., “Baume”
instead of “Wald”), names including the purpose of the object pictures
(e.g., “Turnrucksack” instead of “Beutel”), over-informative names (e.g.,
“geflochtene Haare” instead of “Haare”), and those names describing the
object pictures more accurate or specific as we expected (e.g., “Lav-
endel” instead of “Blumenstrauf”) as correct synonyms. All remaining
given answers were rated as wrong names (see Supplement 4 for an
overview on given synonyms and wrong answers over all children).

Next, common NA was calculated as the percentage of children that
named an object with the intended name. All other given names
(including synonyms) or “do not know answers” were rated as “wrong
answers”. In terms of extended NA and common NA, higher values
indicate greater name agreement. Lastly, we estimated the information
statistic H as shown in Eq. (1) and supposed by Snodgrass and Vander-
wart (1980). Here, k refers to the number of different names that chil-
dren gave per object, and P; refers to the proportion of children who gave
each name. All other given names (including synonyms) were rated as
different names. “Do not know answers” were excluded from the
calculation. Here, lower H values reflect greater name agreement. If, for
example, all children named an object as in the intended way, the H
value is 0, whereas higher H values indicate that more alternative names
were given. For all three measures of name agreement, plural names and
mispronunciations were rated as correct names.

: 1
H= Z;IPilogz (F,) (@D)]

2.5.2. Semantic categorization

We also calculated the percentage of correct semantic categoriza-
tions for 176 pictures to which we assigned a verb-induced semantic
category a-priori (see Supplement 3). Here, we asked the children for the
object scenes of four objects, whether and which of the depicted objects
would match a particular semantically constraining verb (e.g., “Is any of
the presented objects edible, and if so which one(s)?”). Correct matching
of a picture to a verb was scored as a “correct answer”. If a child did not
name or point to an object that belonged to the verb or if a child by
mistake mentioned that an object did not belong to the verb, this was
scored as a “wrong answer”. For example, if a picture of a cake was
presented alongside three other objects and the crucial semantically
constraining verb was “edible”, the child answered correctly if it clas-
sified the cake as edible. In contrast to this, the child answered incor-
rectly if it did not name or point to the picture of the cake or mentioned
that the cake was not edible.

3. Results and discussion

Supplement 1 presents the 247 pictorial stimuli of this study with
their ratings of name agreement and semantic categorization for all
children as well as for each age group (4-, 5-, and 6-year-olds) sepa-
rately. We first present the rating results for name agreement and se-
mantic categorization, followed by post-hoc analyses to control for
potential influences of stimulus features. For all analyses we used R
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Studio (version 1.2.1335; RStudio Team, 2018). A significance criterion
of p < .05 was applied and we report confidence intervals of 95% of the
mean.

To examine age differences in name agreement and semantic cate-
gorization, we ran four linear mixed effects models as implemented in
the lme4 library separately for extended NA, common NA, H index, and
semantic categorization as dependent variables. The independent vari-
able was the age group factor, which was included as a categorical
variable in the models because picture ratings of children of different
ages (4, 5, and 6 years) are most useful for developmental researchers,
who usually plan their empirical studies on the basis of age ranges (cf.
Andreu et al., 2013; Borovsky et al., 2012; Borovsky & Creel, 2014; Mani
& Huettig, 2012, 2014; Nation et al., 2003; Reuter et al., 2020). The
factor age group was effect coded for the two contrasts of most theo-
retical interest: With the first contrast, we compared 4-year-old versus 5-
and 6-year-old children. The second contrast compared 5-year-old
versus 6-year-old children. The model also contained random in-
tercepts for items (i.e., the pictures) to capture item-specific influences.
All models converged. Their results are reported below. P-values were
estimated using the Satterthwaite degrees of freedom method as
implemented in the ImerTest library, whereas confidence intervals were
estimated using the stats library (see Supplement 5 for the contrasts, the
models, and their results).

3.1. Name agreement

To first determine relations between the three different measures of
name agreement, we computed Pearson's correlation analyses between
all children's extended NA, common NA, and H index (see Table 1 D). All
measures of name agreement were highly correlated (Cohen, 1988):
Extended NA correlated positively with common NA (r = .82, p < .001)
and negatively with H index (r = —.75, p < .001), and both traditional
measures of name agreement were correlated negatively (r = —.90, p <
.001).

As can be seen in Table 2! and Fig. 2, the percentage of correct
recognition of pictures was overall relatively high for extended NA (M =
84, SD = 21) and somewhat lower for common NA (M = 77, SD = 21).
Results of the linear mixed effects models revealed that 4-year-olds
showed lower values for extended NA (f = —6.35, SE = 0.94, t
(492.0) = —6.79, p < .001, CI [—8.19, —4.52]) and common NA (§ =
—6.15, SE = 1.11, t(492.0) = —5.56, p < .001, CI [-8.32, —3.98]), as
well as higher H indices (f = 0.09, SE = 0.03, t(492.0) = 2.8, p = .005,
CI [0.03, 0.16]) compared to the two older age groups (see Supplement
5). Results also revealed that 5 year-old children in comparison to the 6-
year-olds showed lower values for extended NA (f = —5.6, SE = 1.1, t
(492.0) = —5.19, p < .001, CI [-7.73, —3.49]) and common NA ( =
—6.15, SE = 1.28, t(492.0) = —4.82, p < .001, CI [-8.66, —3.65]), as

Table 1
Results of the Pearson's correlation analyses between all measures.

Measure 1 2 3 4

1. Extended NA -

2. Common NA .82 (< .001)* -
3. H index —.75 (< .001)* —.90 (< .001)* -
4. Categorization .08 (=.948) .07 (= .948) —.06 (=.948) -

Note. NA is the abbreviation for the measure of name agreement.
Cells show correlation coefficients and bracketed Bonferroni-Holm adjusted p-
values.

" p <.001.

! Table 1 and Table 2 also contain information on the semantic categorization
data. See the "Semantic categorization" section below for more details on this
data and the corresponding analyses.
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Table 2

Mean performance per measure by age group.
Measure Groups

Overall 4-year-olds 5-year-olds 6-year-olds

Extended NA 84 (20.8) 80 (26.3) 83 (22.1) 89 (19.6)
Common NA 77 (25.0) 73 (29.9) 76 (27.0) 82 (24.8)
H index 0.63 (0.74) 0.70 (0.78) 0.69 (0.76) 0.52 (0.69)
Categorization 91 (13.0) 87 (19.2) 91 (13.8) 95 (12.4)

Note. NA is the abbreviation for the measure of name agreement.
Cells show means per measure and bracketed standard deviation.

well as higher H indices (8 = 0.17, SE = 0.04, t(492.0) = 4.33, p < .001,
CI [0.09, 0.24]).

In sum, the three measures of name agreement were highly corre-
lated and on average the name agreement was quite high for the
pictorial data set with better performance for the extended than the
common NA measure. Name agreement increased from 4 years to 6
years for all measures, in line with previous findings, underlining that
early childhood is a critical period of language development (e.g., Al-
Harbi, 2020; Lenneberg, 1967), where children learn new names of
objects and their visual representations every day (Carnerero & Pérez-
Gonzalez, 2014).

3.2. Semantic categorization

We first determined the relation between semantic categorization
and name agreement (see Table 1). Children's performance in the cate-
gorization task did not correlate significantly with extended NA (r = .08,
p = .948), common NA (r = .07, p = .948), and H index (r = —.06, p =
.948). The low correlations between both measures clearly suggest that
knowing an object's name is independent of understanding its semantic
properties and by this captures different linguistic abilities. This finding
is strongly in line with what we know about word learning in general.
That is, children typically experience objects and their functional
characteristics (several times) before producing their names (Deak et al.,
2002; Kemler Nelson, 1999; Kemler Nelson et al., 2000; McGregor et al.,
2002). This is also in line with the higher performance in the semantic
categorization task than in the name agreement task (see Table 2 and
Fig. 2).

The results of the linear mixed effects model revealed that 4-year-
olds showed poorer semantic categorization of pictures compared to
5- and 6-year-olds (8 = —5.74, SE = 0.93, t(350.0) = —6.17, p < .001, CI
[-7.6, —3.91]), and that the 5-year-olds showed poorer semantic cate-
gorization than the 6-year-olds (f = —3.5, SE = 1.07, t(350.0) = —3.26,
p =.001, CI [-5.6, —1.40]).

In sum, semantic categorization differs from name agreement as
suggested by the low correlations between both measures while se-
mantic categorization seems to develop earlier than object labeling.
Performance in semantic categorization also increased in early child-
hood from 4 years to 6 years which is in line with evidence that young
children learn new words and their characteristics every day, including
verbs and their semantic constraints (Carnerero & Pérez-Gonzalez,
2014), hence their growing language experience (Pickering & Gambi,
2018).

3.3. Post-hoc control analyses

Because the lexical and semantic access to pictorial objects depends
also on the frequency and age of acquisition of their names (e.g., Bonin
et al., 2003; Kosslyn & Chabris, 1990; Sanfeliu & Fernandez, 1996;
Snodgrass & Vanderwart, 1980), we ran post-hoc analyses to control
whether children's name agreement and semantic categorization ratings
were modulated by these factors. In doing so, we consulted the linguistic
data base of Schroeder et al. (2015) that provides German word fre-
quency norms for children between 6 and 8 years of age on the basis of a
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Fig. 2. Violin plots per measure and age group.

Note. Plots show the distribution of the results values per measure for all picture stimuli per age group, i.e., the width of the shaded areas displays the proportion of

the data located there.

large corpus of books (n = 218) intended to be read by children of that
age range. Here, we extracted the normalized annotated type frequency
per million as word frequency variable. Moreover, we consulted the
Schroter and Schroeder (2017) data base that provides German age of
acquisition norms representing the estimated mean age in years at which
a word is acquired. Here, data come from German university students
(20-30 years, n = 100), who were asked at which age they believed to
have heard or used a word for the first time. We consulted these data
bases as they are relatively new and thus may be most representative of
the child generation in our sample. Moreover, they cover many pictorial
objects of the present work: Schroeder et al. (2015) provide norms for
205 of our 247 pictures, while Schroter and Schroeder (2017) provide
norms for 131 of them (see Supplement 1 for the frequency and acqui-
sition norms being available for the pictorial objects of the present
study). Thus, we were able to include word frequency norms for 83%
and age of acquisition norms for 53% of our pictorial objects into the
control analyses.

We ran two post-hoc linear mixed effects models. The first was fitted
to the dependent variable extended NA, as there is increasing relevance
of picture recognition at a more general level (e.g., Borovsky et al., 2012;
Borovsky & Creel, 2014; Huettig & Mani, 2016; Mani & Huettig, 2012,
2014). The second model was run with the dependent measure semantic
categorization. Again, the effect coded factor age group as well as
random intercepts for the items were added to both models. Finally, we
included the z-standardized word frequency and age of acquisition
variables as interaction factors to both models (see Supplement 6 for the
contrasts, the models, and their results).

The first model revealed that children's name agreement in form of
extended NA was still significantly worse for 5-year-olds compared to 6-
year-olds (4 = —0.28, SE = 0.06, t(250) = —4.49, p < .001, CI [-0.4,
—0.161]), independent of the frequency (p = .418) or acquisition age (p
= .332) of the picture names. Also, 4-year-old's extended NA was still
significantly worse than 5- and 6-year-old's extended NA ( = —0.25, SE
= 0.05, t(250) = —4.67, p < .001, CI [-0.36, —0.15]). Again, this was
independent of word frequency (p = .231) but modulated by age of
acquisition (8 = —0.15, SE = 0.06, t(250) = —2.47, p = .014, CI [-0.26,
—0.03]). As can be seen in Fig. 3, age differences between 4-year-olds
and the two older age groups increased for name agreement with
higher age of acquisition. Hence, children's name agreement was not
affected by word frequency but modulated by age of acquisition.

The second model revealed that the semantic categorization was still

Group — 4-year-olds

5- & 6-year-olds

Extended NA

3 4 5 6 7
Age of Acquisition

Fig. 3. Linear regression of extended NA on age of acquistion.
Note. Plot of the linear regression of extended NA on the age of acquisition
norms for the youngest and the taken together older age groups.

worse in 4-year-olds than in 5- and 6-year-olds (f = —0.41, SE = 0.08, t
(176) = —4.98, p < .001, CI [-0.56, —0.25]), independent of word
frequency (p = .877) and age of acquisition (p = .106). However, when
considering these control variables, the difference between the 5- and 6-
year-olds in semantic categorization was no longer significant (p =
.105). Taken together, the fact that the younger children (4-year-olds)
were worse in semantic categorization than the older children (5- and 6-
year-olds) was robust even when the control variables word frequency
and age of acquisition were included in the statistical models. In
contrast, this was not the case for the older age groups, here the group
difference disappeared. Based on the reported linear mixed effects
model it is not possible to say what this finding is due to. Indeed, Pearson
correlation analyses between semantic categorization and word fre-
quency respectively age of acquisition reveal information here. Chil-
dren's semantic categorization was not correlated with word frequency
(r=-.02, t(436) = —0.05, p = .654) but negatively correlated with age
of acquisition (r = —.18, t(280) = —3.01, p = .002). This suggests that
the resolved variance in semantic categorization, originally explained by
group differences, goes back at age of acquisition influences.
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4. General discussion

This study provides 247 colored clipart pictures with their ratings of
name agreement and semantic categorization from 4- to 6-year-old
German native speaking children. The evaluation of the children's pic-
ture ratings revealed that both picture naming and semantic categori-
zation was largely successful in young children, whereas the
performance in both measures increased with increasing age throughout
early childhood. Also, picture naming and categorization were inde-
pendent of each other, whereas semantic categorization developed
earlier than object naming.

This study is the first to provide children's agreement on picture
names at a more general level of recognition because we also assessed an
extended measure of name agreement which not only includes the
intended object names but also their synonyms as correct answers. As
extended NA was highly correlated with the standard measures of name
agreement (common NA, H index), we conclude that extended NA also
represents children's name agreement, but in a more liberal way.
However, more liberal ratings of picture naming are highly relevant for
an increasing number of studies focusing picture recognition at a more
general level as for instance studies on children's language processing in
combination with pictorial objects (e.g., Borovsky et al., 2012; Borovsky
& Creel, 2014; Huettig & Mani, 2016; Mani & Huettig, 2012, 2014).

As previous picture norming studies (e.g., Snodgrass & Vanderwart,
1980), we also evaluated why children's ratings may not have been
successful for some pictures. In doing so, we aimed at gaining insights
about which features of pictorial objects may be relevant for a successful
recognition and categorization in young children. This can provide
important insights for the planning of future studies with pictorial
stimuli in this age range. Our post-hoc control analyses revealed that the
age of acquisition of a picture, as determined by young adults, influences
age differences in name agreement and semantic categorization. Name
agreement is lower for pictures with higher age of acquisition norms
which is more pronounced in 4-year-olds than in the two older age
groups. Moreover, age differences in semantic categorization even dis-
appeared for the older age groups when age of acquisition norms were
considered. However, note that the age of acquisition norms for our
pictorial stimulus set was with very few exceptions in the intended age
range or lower so that our stimulus selection process which required the
assigning of four target pictures to constrained verbs by face-validity
was successful.

In our post-hoc analysis we also evaluated the impact of word fre-
quency on children's name agreement and semantic categorization and
found that word frequencies did not modulate age differences in both
measures. This is in line with other studies revealing no effect of word
frequency on at least picture naming, when also considering age of
acquisition norms (Carroll & White, 1973; Chalard et al., 2003; Morrison
etal., 1992). However, it should be noted that the word frequency norms
that we included in our control analyses were collected from books of
school children aged 6 to 8 years. As our sample was younger in age we
cannot fully rule out that the frequency of words have influenced our
empirical findings. Moreover, information about the frequencies of
pictures of a semantic concept would have been more appropriate here
as a control variable which to our knowledge does not exists.

In addition to that, we explored the alternative answers of the chil-
dren in the naming task (see Supplement 4), as they might provide in-
sights on possible reasons for the poor naming and categorization of
some pictures. For example, children had considerable problems to
name drinks (e.g., juice, lemonade, and tea). Instead of the drinks
themselves, they often named their containers (e.g., cup, glass, and
mug), which is plausible as these pictures represent both the drinks and
their containers at the same time. Thus, the ambiguity of pictorial ob-
jects seems to play a considerable role for name agreement, as ambig-
uous pictures can activate multiple object representations and thus
multiple object names. However, for some studies, this information can
also be helpful. This is because some research questions may aim at
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examining how children name ambiguous pictures, or how this changes
with increasing age, as this could provide insight into which aspects of a
particular picture stimulus attract children's attention. In any case, the
ambiguity of pictures should be considered when using pictures as
stimuli in empirical studies. Alternative answers for rather few pictures
also revealed that they were not so easy to recognize as we first thought.
For instance, the “butter” picture was often labelled as “cheese” and the
“frame” picture as “drawing” (see Supplement 4). Hence, the recogniz-
ability of those two pictures seems not sufficient and therefore resulted
in poor name agreement.

Indeed, when referring to the alternative answers, it should be noted
that some of our classifications of synonyms and wrong answers may
slightly go back to regional differences in Germany. This is because the
experts who made the classification lived in the same federal state
(Saarland) during study conduction. This could explain, for instance,
why “Saarbahn” was accepted as a synonym for “Zug” or why “Kaf-
feestiicken” was not accepted as a synonym for “Keks” or “Croissant”.
However, this is not necessarily problematic for users of our picture
ratings, since we provide them along with the list of synonyms and
wrong answers, and since other researchers would probably go through
the ratings and the list to make their own choices.

Finally, although the semantic categorization performance was very
high with a mean percentage of correct categorizations of about 91%,
some children were not sure about the meaning of a given verb. For
instance, these children did not know the exact meaning of the verbs
“clean” and “explore”. Here, we cannot rule out the possibility that
participant characteristics, especially regarding socio economic factors,
might have affected children's understanding of the verb-induced se-
mantic categories. Aside from these shortcomings the ratings for name
agreement and semantic categorization were generally high and there-
fore our pictorial stimulus set provides a useful data base for develop-
mental researchers when designing their studies.

5. Conclusion

This study is the first to provide ratings of name agreement for 247
and ratings of semantic categorization for 176 colored clipart pictures
from 40 German native speaking children aged between 4 and 6 years.
The present work can facilitate the preparation of empirical studies in
which not only cognition and perception, but in particular semantic
language processing of young German children in combination with
pictorial stimuli is investigated. By this, our study contributes to the
general aim to enhance the validity and comparability within and across
studies.
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