Behavior Research Methods (2024) 56:6318-6331
https://doi.org/10.3758/513428-024-02362-y

ORIGINAL MANUSCRIPT q

Check for
updates

Standardizing norms for 1286 colored pictures in Cantonese
Jing Zhong'? - Weike Huang'-? - Keyi Kang'2 - Jon Andoni Dufabeitia®>* - Christos Pliatsikas®® - Haoyun Zhang'

Accepted: 5 February 2024 / Published online: 20 February 2024
© The Psychonomic Society, Inc. 2024

Abstract

This study established psycholinguistic norms in Cantonese for a set of 1286 colored pictures sourced from several picture
databases, including 750 colored line drawings from MultiPic (Duiiabeitia et al., 2018) and 536 photographs selected for
McRae et al. (2005) concepts. The pictures underwent rigorous normalization processes. We provided picture characteristics
including name and concept agreement, familiarity, visual complexity, and frequency of modal responses. Through cor-
relational analyses, we observed strong interrelationships among these variables. We also compared the current Cantonese
norming to other languages and demonstrated similarity and variations among different languages. Additionally, we embraced
the multilingual diversity within the current sample, and found that higher Cantonese proficiency but lower non-native lan-
guage proficiency were associated with better spoken picture naming. Last but not least, we validated the predictive power of
normed variables calculated from typed responses to spoken picture naming, and the consistency between typed and spoken
responses. The present norming provides a timely and valuable alternative for researchers in the field of psycholinguistics,
especially those studying Cantonese production and lexical retrieval. All raw data, analysis scripts, and final norming results
are available online as psycholinguistic norms for Cantonese in the following link at the Open Science Framework: https://
osf.i0/dz9j6/?view_only=a452d8a56c92430b9dedf21ac26blbcl.
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Introduction typically presented with a picture and asked to provide

one precise response to describe the name of the picture.
Lexical retrieval plays a pivotal role in human communi- By examining the time it takes individuals to generate the
cation and has long been a focal point of psycholinguis-  response, and the accuracy of the response, researchers can

tic research. Within the vast body of studies exploring this  gain insights into the cognitive processes underlying lan-
topic, picture naming has been one of the most extensively ~ guage production.

used paradigms. During picture naming, participants are Many picture characteristics and psycholinguistic vari-
ables have been demonstrated to affect the naming process.
For instance, one picture could have one or many names,
Jing Zhong and Weike Huang contribute equally to this project. and the concept of name agreement describes to what extent
people agree on the name of the picture. Many studies have
shown that lower name agreement is associated with slower
response time and lower accuracy (Alario et al., 2004;
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which represents the intricacy of depicted objects, has also
been shown to affect picture naming performance such that a
more complex picture is more difficult to comprehend, lead-
ing to longer naming latency (Alario et al., 2004), although
this is not entirely consistent (Ellis & Morrison, 1998). In
addition to picture properties, psycholinguistic variables for
the modal names of pictures also affect picture naming per-
formance. For example, higher word frequency and shorter
word length have been shown to be related to faster response
time (Brysbaert et al., 2014; Gollan et al., 2008; LaGrone
& Spieler, 2006; Newman & German, 2005). The age of
acquisition (AoA) has also been shown to affect picture
naming, though the effect is not always consistent, because
it confounds significantly with word frequency (Brysbaert
et al., 2014). Given the potential effects of these pictures
and psycholinguistic characteristics on picture naming, it is
crucial for researchers to be aware of these variables when
selecting pictures for their studies. Consequently, the images
used in picture naming research must undergo a process of
normalization.

Normalization entails having a representative group
of individuals assess the images based on various criteria
that describe their fundamental features. This systematic
approach ensures that the selected images are standardized
and meet the necessary requirements, thereby guaranteeing
precise and reliable research outcomes. As early as 1980, a
set of 260 black-and-white line drawings was standardized
in English (Snodgrass & Vanderwart, 1980), cited thousands
of times, and extended to multiple languages (Bangalore
et al., 2022; Cuetos et al., 1999; Pind et al., 2000; Tsaparina
et al., 2011; Weekes et al., 2007). In this database, factors
such as name agreement, familiarity, visual complexity,
and image agreement were reported for each picture. Since
then, numerous norms have been developed, each offering
a distinct collection of pictures along with their normative
properties (Adlington et al., 2009; Barbarotto et al., 2002;
Bonin et al., 2003; Brodeur et al., 2010; Cuetos & Alija,
2003; Dan-Glauser & Scherer, 2011; De Winter & Wage-
mans, 2004; Dell’acqua et al., 2000; Francisco J. Moreno-
Martinez & Montoro, 2012a, 2012b; Janssen et al., 2011;
Kremin et al., 2003; Magnié et al., 2003; Migo et al., 2013;
Nishimoto et al., 2005; Nishimoto et al., 2010; Rossion &
Pourtois, 2004; Salmon et al., 2010; Viggiano et al., 2004).
Overall, the availability of these diverse norms has signifi-
cantly enhanced the research landscape, enabling researchers
to access standardized stimuli and extensively evaluate them
across various languages, thereby facilitating rigorous cross-
language investigations.

Across languages, the properties of pictures and psycho-
linguistic variables can vary. For example, the discrepancy
in name agreement is evident when comparing the same 500
pictures in the MultiPic dataset among different languages
(Dunabeitia et al., 2022), where the mean H statistic (an

index for name agreement) was 0.30 in Spanish and 1.07 in
Chinese. Such differences are to be expected, as each lan-
guage possesses its unique lexicon and linguistic conven-
tions. Moreover, the impact of the abovementioned factors
on picture naming performance may not always be consistent
across languages. For example, studies have demonstrated
that image familiarity exerts a more pronounced influence
on picture naming in Mandarin Chinese (Chen & Zhu, 2015;
Zhou & Chen, 2017) than in languages such as Japanese
(Nishimoto et al., 2005), Italian (Dell’acqua et al., 2000) or
French (Bonin et al., 2003). Because of these cross-language
variances, it is imperative to have available norms specifi-
cally tailored to the target language of interest to researchers,
which ensures that the chosen stimuli accurately reflect the
linguistic and cultural characteristics of the particular lan-
guage, enabling more precise and meaningful investigations.

Nevertheless, the majority of the norms are only available
in English, and while some have been extended to European
languages, only a few are available in Asian languages, such
as a Japanese normative set containing 359 pictures (Nishi-
moto et al., 2005) and a Korean version of the Boston nam-
ing test created by Kim and Na (1999). As a large-capacity
language, Chinese embraces multiple branching languages
like Mandarin and Cantonese, which do not yet have much
norming available. To the best of our knowledge, there are
only a few published norms available in Mandarin Chinese
(Chen & Zhu, 2015; Liu et al., 2011; Momenian et al., 2021;
Ni et al., 2019; Weekes et al., 2007; Zhou & Chen, 2017),
along with norms in other formats such as typing (Wang
et al., 2020), and there are only two norms in Cantonese,
with a limited number of pictures (Momenian et al., 2021;
Momenian et al., 2022).

Cantonese is regarded as a lingua franca among residents
in southern China, including Hong Kong and Macao SAR,
which has developed its own written forms for public mass
communication (Li, 2006). According to the 2018 Thematic
Household Survey (THS) on the use of language in Hong
Kong, a remarkable 87.7% of residents aged 6 to 65, with
normal hearing and speech abilities, rated their language
competence in Cantonese as very good or good (Census
and Statistics Department of Hong Kong, 2020). This find-
ing highlights the widespread application and acceptance
of Cantonese within the local community. Furthermore, the
influence of Cantonese reaches far and wide due to immi-
gration from coastal China spanning several centuries. In
Malaysia, waves of immigration from southern China have
contributed to the prevalence of Cantonese in local commu-
nities. Similarly, in Singapore, the use of Cantonese remains
significant, with 15.4% of the Chinese resident population,
primarily those aged 65 and above, speaking Cantonese as
their dialect (Fah, 2017; Vollmann & Wooi, 2018; Yu, 2022).
Notably, even in Canada, the influx of Cantonese-speaking
Chinese immigrants had surpassed 100,000 by 1983. These

@ Springer



6320

Behavior Research Methods (2024) 56:6318-6331

examples demonstrate the enduring influence and adoption
of Cantonese in various foreign communities, reinforcing its
global significance. In addition, Cantonese and Mandarin are
mutually unintelligible, meaning that speakers of one variety
typically cannot understand the other without prior exposure
or learning, because Cantonese has its own set of grammar,
vocabulary, and pronunciation rules that distinguish it from
Mandarin (Snow, 2008). Therefore, the norms in Mandarin
Chinese cannot be directly applied to studies targeted at Can-
tonese. Notably, the current availability of accessible picture
databases in Cantonese falls considerably short of research-
ers' expectations and practical demands, as shown by the
limited number of existing studies and documents. For all
these reasons, the current study is presented, contributing
to Cantonese norming by providing norms based on several
established picture databases, framed as two concept sets.

The first picture norm we selected is the MultiPic norm
dataset (Dufiabeitia et al., 2018). It comprises 750 colored
line drawings representing concrete concepts, which have
been normed across six different European languages includ-
ing British English, Spanish, French, Dutch, Italian, and
German. Furthermore, a subset of 500 pictures from the
MultiPic database was extended to 32 languages or language
varieties (Dufabeitia et al., 2022). These pictures were com-
missioned by the authors and drawn by a local artist with a
freehand computer application using a digital tablet and pen
set. We further extended the whole MultiPic picture dataset
to Cantonese norming, including the 500 pictures that have
more language norms available (hereafter MultiPic500), as
well as the remaining 250 pictures that only have six lan-
guages available (hereafter MultiPic250). This comprehen-
sive resource is valuable for researchers conducting cross-
language studies, providing unprecedented opportunities for
comparative analysis.

We also decided to expand on McRae's semantic feature
production set. This concept set, normed in English, offers a
remarkable compilation of semantic features for both living
and non-living concepts (McRae et al., 2005). With over
500 concepts, it stands as the largest collection of norms
developed with a focus on taxonomic and semantic produc-
tion. For example, for the concept moose, normed features
and their frequency in McRae are is large (27), has antlers
(23), has legs (14), and 12 other features. The McRae data-
base also uniquely provides numerous statistics including
the number of features of different types for each concept,
inter-correlational feature density (i.e., the relationships
among feature pairs), and concept similarities, along with
other linguistic variables. This extensive set of norms has
contributed significantly to the understanding of conceptual
relationships and semantic organization. While the McRae
database itself does not contain any images, its concept and
feature structure provides valuable semantically related
information for research on picture naming. Therefore, we
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sourced image materials corresponding to McRae concepts
from existing databases (Brodeur et al., 2014; Moreno-Mar-
tinez & Montoro, 2012a, 2012b) and online resources. These
photographs in the databases were taken directly by database
authors and the image backgrounds were turned to white. All
selected pictures were photographs that authentically reflect
concepts provided in the McRae database. The Cantonese
norming on these pictures, combined with the unique feature
information in the McRae database, would be particularly
useful for psycholinguistic researchers who are interested
in Cantonese-related language production and the effect of
semantic structure on word retrieval.

In the current study, we first normed a total of 1286
pictures from MultiPic and McRae via typed responses
and calculated numerous statistics associated with them
(Experiment 1). Then, with a different set of participants,
we demonstrated how these typed normed variables could
predict the reaction time in a spoken picture naming task that
has frequently been used to measure language production
(Experiment 2). Compared with previous norming, the cur-
rent study has a few highlights. First, we provided norming
of over 1000 pictures on Cantonese, which is widely spoken
but has little norming available. Second, most previous pic-
ture norming relies solely on typed responses, while the cur-
rent study not only offers norming based on typed responses,
but also validates the norming with spoken picture naming
reaction times.

Experiment 1: Picture norming with typed
responses

Methods
Participants

Eighty-one college students were initially recruited to par-
ticipate in norming the MultiPic picture set (mean age =20.7
years, SD=2.1 years, range = 18-28 years, 43 female).
Subsequently, a subset of 48 participants participated in the
McRae norming portion (mean age =20.9 years, SD=2.0
years, range = 18-28 years, 24 female). All participants were
recruited through advertisements posted across the univer-
sity's social media. The participants all spoke Cantonese as
their native and dominant language, and they were tested
in Macau, where Cantonese is the predominant language.
All participants were also able to speak at least one other
language. Among these participants, 83% reported their
second language as Mandarin Chinese, while 73% reported
their third language as English. All participants rated their
proficiency in each language on a scale of 1-7, which was
further converted to a scale of 0—1. The rating for Cantonese
(L1, mean=0.88, SD=0.14) was comparable to that of the



Behavior Research Methods (2024) 56:6318-6331

6321

second language (L2, mean=0.82, SD=0.14; p>.1), which
was significantly higher than that of the third language (L3,
mean=0.60, SD=0.16; p <.001). Informed consent was
obtained from each participant prior to the beginning of the
study. The study protocols, procedures, and consent forms
were approved by the Research Ethics Committee of the
University of Macau.

Materials

Two databases were normed in the current study. First, we
chose the whole set of 750 pictures created by Dufiabeitia
et al. (2018), which consists of colored line drawings of
750 objects (MultiPic500 available in 32 languages and
MultiPic250 available in 6 languages). We contributed to
the database by extending the norming of the whole set to
Cantonese. Additionally, since the McRae database contains
only concepts with no pictures (McRae et al., 2005), we
sourced corresponding pictures from several normed picture
databases (Brodeur et al., 2014; Moreno-Martinez & Mon-
toro, 2012a, 2012b), as well as publicly available images
from the internet (536 pictures in total). In the context of the
current study, all of these pictures were grouped together
with the McRae concept set for reference and analysis (i.e.,
these pictures from different resources are referred as the
McRae set in the current study).

Procedure

Participants were tested individually via questionnaire links
hosted on Qualtrics and Gorilla for norming the picture
names, and familiarity. First, a Qualtrics link containing
MultiPic250 was distributed to participants. At the begin-
ning of this portion, participants were asked to again confirm
that Cantonese was their native and dominant language. At
the end of the first portion, they were redirected to the sec-
ond part, hosted on Gorilla, which contained MultiPic500.
The Gorilla portion of the 500 pictures has been translated
and normed in many languages (Duiiabeitia et al., 2018),
and was directly translated into Cantonese for the current
study. This way, the norming for this 500-picture set was
kept consistent with the norms in other languages. After
participants finished the MultiPic dataset norming, they were
invited to participate in the McRae dataset norming on a
different day. The McRae picture norming was hosted on
Qualtrics, with the same procedure as the MultiPic dataset.
The entire experiment was self-paced. The MultiPic norm-
ing lasted about 90-120 minutes, and the McRae norming
lasted about 30—60 minutes.

For each picture, participants were instructed to type
the name as well as to rate the familiarity of that item.
Specifically, during the naming portion, participants were
instructed to type the name in Cantonese that corresponded

to the concept represented by the image. Note that Cantonese
characters include not only traditional Chinese characters,
but also Cantonese unique characters (e.g., “f3” is a special
character in Cantonese, which has the same meaning as *
> in traditional Chinese and “JG” in simplified Chinese,
and all three characters indicate “none” in English). Partici-
pants were encouraged to think and type the responses in
Cantonese that could most accurately reflect the Cantonese
naming of the picture, and they were also asked to offer
precise responses and to try not to use more than one word
per concept. They were instructed to avoid vague, overly
abstract, or obviously deviated responses. If they did not
know the name of the picture, they were told to type “no”
in the answer box. In addition, consistent with the original
MultiPic norming (Dufabeitia et al., 2022), participants
needed to rate familiarity for each picture item on a con-
tinuous sliding scale ranging from 1 (not familiar at all) to
100 (very familiar). Participants were encouraged to use the
whole scale, rather than only the extreme numbers. The 100-
point scale provided higher precision than traditional five-
point or seven-point scales, and participants were encour-
aged to choose freely anywhere on the scale.

Analysis

Participants' responses were first cleaned by correcting
typos and eliminating any extraneous characters or digits.
Responses of “no (i.e., do not know)” (3.20% of MultiPic
data; 5.00% of McRae data) were excluded from further
analysis. Furthermore, for an item, responses unique to
only one participant were defined as idiosyncratic responses
and omitted from further analysis (9.47% of MultiPic data;
11.66% of McRae data).

After data cleaning and eliminating the “don’t know” and
idiosyncratic responses, we calculated the H statistic, modal
response percentage, and concept agreement for each item
in MultiPic and McRae. The H statistic is a value reflect-
ing the function of items’ alternative names, which can be
calculated according to the formula below (Brodeur et al.,
2014; Snodgrass & Vanderwart, 1980).

k
H= ) Plog,(1/P))

i=1

In this equation, k is the total number of names given to
each image, excluding “no (i.e., don’t know)” and idiosyn-
cratic responses, and P, is the percentage of participants that
a response was given by. For a single picture item, a smaller
H value indicates a higher level of name agreement across
participants (Brodeur et al., 2014).

For a particular picture, the modal response is the most
frequent response—in other words, the response provided
by the greatest number of participants. The corresponding
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English label from original norming for each picture is also
provided for reference. If other responses represented the
same concept as the modal response, they were then treated
as the same concept for concept agreement calculation
(number of responses representing the same concept with
the modal response/total number of responses). If one pic-
ture item had two or more modal responses given simultane-
ously by the same number of participants, the other alterna-
tives are provided in the column labeled “alternative modal.”
Familiarity for each picture item was calculated by averaging
all participants who provided a familiarity rating on a scale
of 1-100 for that picture. The mean and standard deviation
of the familiarity rating are provided. Furthermore, since
familiarity was a subjective rating score for each item from
each participant, a two-way random-effects model intra-
class correlation (ICC) was calculated. Based on Koo and
Li (2016), a value higher than 0.75 indicates good reliability.
Results showed that the familiarity rating across participants
was highly reliable (MultiPic, 0.95; McRae, 0.92).

To quantify the visual complexity of all pictures, we
used the ImageDecomp program developed by Kardan et al.
(2015) and Berman et al. (2014). Images were decomposed
into low-level features such as edge-related visual features,
the shape of the histogram of pixel values, and color-related
visual features. This program was then developed to capture
the color and spatial properties of images. The measure of
entropy, i.e., reflecting information content in an image, was
used in the current study as the index of visual complexity.
Compared with self-rated visual complexity, this approach
provides an objective complexity measurement based solely
on low-level visual features.

Furthermore, we obtained the frequency of the most dom-
inant responses for all pictures from the Cantonese Web Cor-
pus (CantoneseWaC), which consists of 42,669,08 tokens
(up to 28th May 2023). The Sketch Engine database is made
up of texts collected from the internet for more than 400 lan-
guage corpora. The count, ratio (equal to the count divided
by the total number of tokens), and the log,-transformed
count are reported.

In summary, in the spreadsheet that contains final norm-
ing results for each dataset, for each picture item, we provide
language (which is Cantonese), picture code (as an identifier
to match with the original English norming), picture group
(either in MultiPic250, MultiPic500 or McRae), number of
responses (i.e., the total number of participants who rated
the particular picture), H statistics (of name agreement),
English label (matching with the original English norming),
modal response (response provided by most participants),
alternative modal (response provided by the same number
of participants as the modal response), modal response per-
centage (number of modal responses divided by the total
number), valid alternative response percentage (number
of valid alternative responses divided by the total number),
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“don’t know” response percentage (number of “don’t know”
responses divided by the total number of responses), idi-
osyncratic response percentage (number of N=1 responses
divided by the total number), familiarity (mean), familiarity
(standard deviation), visual complexity, Sketchengine Can-
tonese frequency count, Sketchengine Cantonese frequency
ratio, Sketchengine Cantonese frequency log;,, and concept
agreement percentage. We then report the descriptive sta-
tistics of these variables in the results section. All final nor-
ming results, as well as raw data, and analysis scripts, are
available online as psycholinguistic norms for Cantonese in
the following link at the Open Science Framework: https://
osf.i0/dz9j6/?view_only=2a452d8a56c92430b9dedf21ac
26blbcl.

In addition to reporting the basic norm variables associ-
ated with each item, Pearson’s correlational analyses were
conducted to reveal relationships among several reported
variables, including H statistics, modal response percent-
age, familiarity (mean), visual complexity, Sketchengine
Cantonese frequency log;,, and concept agreement. Fur-
thermore, additional analyses were conducted with previ-
ously available norming in other languages for both picture
sets, to examine the similarity and variability across different
languages. Last but not least, we compared norming vari-
ables regarding their similarity and variability between the
MultiPic and McRae databases, providing a reference for the
feasibility of combining the two picture sets.

Results
Descriptive statistics

In this section, we reported the descriptive statistics of pic-
ture properties including H statistics, modal response per-
centage, valid alternative response percentage, “don’t know”
response percentage, idiosyncratic response percentage, con-
cept agreement percentage, familiarity (mean), visual com-
plexity, as well as modal response word properties such as
Sketchengine Cantonese frequency log,, (Table 1). Pictures
from two datasets are reported separately in parallel.

Correlational analyses

As with other normative studies, correlational analyses were
conducted to explore the relationships among different vari-
ables. Analyses were performed on the two sets separately
and results are shown in Fig. 1. Across the two picture sets,
the H statistics of name agreement, concept agreement, and
familiarity rating were highly correlated with each other
(ps <.001). Additionally, familiarity was positively associ-
ated with target word frequency in MultiPic (p <.001), while
concept agreement was positively related to target word fre-
quency in McRae (p <.01).
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Table 1 Descriptive statistics of picture and word properties in Multi-
Pic and McRae databases

MultiPic McRae
Number of pictures 750 536
Number of responses 81 48
H statistics of name agreement 1.56 (0.86) 1.45 (0.81)

53.16 (23.59)
34.19 (19.26)

51.09 (24.32)
32.25(19.29)

Modal response percentage
Valid alternative response percentage

“Don’t know” response percentage 3.20 (6.58) 5.00 (8.94)
Idiosyncratic response percentage 9.46 (7.39) 11.67 (8.85)
Concept agreement percentage 78.85(20.29) 73.81 (22.88)
Familiarity (mean) 7597 (9.17)  74.89 (11.74)
Visual complexity 2.55(0.87) 4.29 (1.94)
Log,, frequency 2.05(0.91) 2.01 (0.91)

Values reported are means with standard deviations in parentheses

Similarity and variability across languages

Because both the MultiPic and McRae sets were originally
normed in English, and the MultiPic database was further nor-
med in other languages, it provided us with an opportunity to
investigate language commonalities and differences (Table 2).

To compare the commonalities, we first performed a
series of correlational analyses to compare normed variables
across languages (r and p values can be found in Table 2).
The current Cantonese norming and the original MultiPic
English norming share common variables including the H
statistics and visual complexity (objective measurement in
Cantonese norm vs. self-rating in English norm on a scale of
1-5). Correlational analyses showed that all these variables
were highly comparable between English and Cantonese
(ps <.001). Notably, a subset of 500 pictures in MultiPic

A MultiPic B McRae
H Statistics Concept Agreement Familarty Visual Complexty Log10.Frequency H.Statistics Concept Agreement Famiarty Visual Complexty Log10 Frequency
044 oel
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2 2
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Fig. 1 The scatter and density plots of normed variables, and their correlations in A MultiPic pictures and B McRae pictures. Reported correla-
tions are r values. Significance levels are p <.05 *, p <.01 **, and p <.001%%%*,

Table 2 Correlation and z-tests with MultiPic and McRae for the common indices across languages

Current Cantonese MultiPic whole set English MultiPic500 Mandarin McRae
English
r t r t r t
H statistics of name agreement 46 25.76" 737 9.06™" NA NA
Familiarity NA NA 91 19.90" AT 14.65™
Visual complexity 48" NA NA NA NA NA
Log,, frequency NA NA NA NA KF.16™ NA
BNC.16™

Values reported are Pearson’s r, and paired-f compared with the same pictures from Cantonese norming. Significance levels are p <.001

NA indicates not available

stk
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is also available in Mandarin Chinese. Considering the
similarities between Cantonese and Mandarin Chinese, we
also compared the norms in these two languages on factors
including the H statistic and familiarity rating. Not surpris-
ingly, all these variables were highly correlated with each
other between Cantonese and Mandarin Chinese (ps <.001).
The McRae concept norm provided variables including the
self-rated familiarity of the concepts on a scale of 1-9, and
the frequency of the modal name in KF (Kucera et al., 1967)
and BNC (British National Corpus, Leech, 1992). Correla-
tional analyses showed that the familiarity rating was similar
in Cantonese and English (p <.001). The modal name fre-
quency in Cantonese was also comparable to that in English
(p<.001).

In addition to the similarities, we also analyzed the differ-
ences across languages by running paired #-tests (¢ and p val-
ues can be found in Table 2). Comparing the norms available
in the MultiPic whole set pictures, Cantonese (M =1.55)
received much higher H statistics (i.e., lower name agree-
ment) than English (M =0.77, p<.001). The objective and
subjective visual complexity were not comparable because
they were not on the same scale. In addition, Cantonese
(M=1.31) and Mandarin (M =1.07) comparison on Mul-
tiPic500 pictures showed that Cantonese had significantly
higher H statistics than Mandarin (p <.001), and native
Cantonese speakers also reported being more familiar with
the pictures than native Mandarin speakers (p <.001). Last
but not least, although the frequency was not comparable
because they were not on the same scale, the 7-test on the
familiarity from the McRae set showed that the pictures in
the Cantonese norming (M =74.88) received significantly
higher familiarity ratings than the concepts in the original
rating on English concepts (M =62.36, p <.001).

Comparison between MultiPic and McRae

The MultiPic and McRae picture databases shared 215 con-
cepts in common. To demonstrate whether it would be fea-
sible to combine these two datasets, correlational analyses
and #-tests were conducted to compare normed variables of
common concepts between the two datasets. Correlational
analyses showed that the normed variables between the two
picture sets were highly correlated with each other (H sta-
tistics, r=.74, p <.001; familiarity, r=.58, p <.001; visual
complexity, r=.33, p<.001; concept agreement, r=.57,
p<.001). However, f-test results showed that the normed
variables in the two picture sets were still significantly dif-
ferent from each other, with MultiPic pictures having higher
H statistics (r=1.98, p=.04), and McRae pictures having
higher familiarity ratings (t=2.53, p=.01) and higher visual
complexity (1=12.33, p <.001). No significant difference
was found in the concept agreement between the two picture
sets (t=.87, p=.38).
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Discussion

In the current experiment, we present Cantonese norming
based on typed responses of pictures and concepts from two
databases: MultiPic and McRae. The MultiPic database con-
tains 750 colored line drawings of a variety of concepts that
have been normed in many languages. The McRae norm
contains 536 concepts normed in English, and we sourced
the corresponding pictures for these concepts from two
picture databases (Brodeur et al., 2014; Moreno-Martinez
& Montoro, 2012a, 2012b), as well as publicly available
images from the internet (536 pictures in total). For each
set, we reported normative variables including H statistics,
modal response, modal response percentage, valid alterna-
tive response percentage, “don’t know” response percent-
age, idiosyncratic response percentage, familiarity, concept
agreement, visual complexity, Sketchengine Cantonese fre-
quency count, ratio and log,, transformation.

We found that in each picture set, the H statistics, con-
cept agreement, and familiarity were always significantly
correlated with each other. Specifically, higher name agree-
ment (i.e., lower H statistics) was associated with higher
concept agreement and higher familiarity rating of that
picture. These results are consistent with many previous
studies. For example, in two previous norms in Mandarin
Chinese (Chen & Zhu, 2015; Weekes et al., 2007), the name
agreement and familiarity were highly correlated with each
other. The current norming also brings a noteworthy contri-
bution by introducing an objective approach for evaluating
visual complexity. Traditionally, the assessment of image
complexity has relied on individuals' self-rating using a
specific scale. However, self-rating is inherently subjective,
influenced by personal experiences and acquired knowledge
(Donderi & McFadden, 2003). When it comes to image rat-
ing, Forsythe et al. (2008) found that subjective measures
of visual complexity can be prone to bias, particularly due
to familiarity effects. In contrast, the current approach uti-
lizes the ImageDecomp program, enhancing credibility by
mitigating the influence of individual differences that would
typically arise in subjective self-rating methods. We also
validated our norming by comparing calculated variables in
Cantonese to the norming in English and Mandarin Chinese
on the same picture sets. We found that the common vari-
ables including H statistics, familiarity, visual complexity,
and target word frequency between different languages in
either MultiPic or McRae were all highly correlated with
each other, indicating that picture name characteristics
are similar across languages. These results nicely reflect
the validity of the current study, which extended picture
norming of MultiPic and McRae concepts to Cantonese.
Although the norming variables were in general correlated,
they were still significantly different across languages, with
name agreement being lower but familiarity being higher in
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Cantonese than in English and Mandarin. Although no pre-
vious cross-language comparison with Cantonese is avail-
able, studies comparing Mandarin Chinese and English have
often reported that Mandarin norming had higher H statistics
than English (Dufiabeitia et al., 2022; Yoon et al., 2004). In
comparison with Mandarin and English, Cantonese exhibits
an even greater diversity of expressions for conveying the
same concept. This could be due to the prevalent use of
terms from various dialects to name identical objects, result-
ing in a broader range of linguistic variations, as exemplified
by the participants' responses to a generic picture of a nose,
such as ‘&, ‘B-F &\, ‘23, and so on. The higher
familiarity rating in Cantonese than in Mandarin and English
might reflect the variations in self-reporting influenced by
different cultural factors. The difference in familiarity ratings
between English and Cantonese on the McRae set may also
be potentially attributed to the fact that the English ratings
were based solely on concepts, while the Cantonese ratings
were conducted with pictures paired with the concept, mak-
ing them imageable. Given these cross-language differences,
it is important for future studies to incorporate these vari-
ables as control factors when making comparisons among
different languages.

In addition to the cross-language comparison, we also
compared the two picture sets on common concepts. Results
showed that all normed variables including name and con-
cept agreement, picture familiarity, and visual complexity
were highly correlated between the two picture sets. These
results revealed a high level of comparability between the
two sets across all variables. Thus, the merging of these
datasets is plausible and has the potential to significantly
expand the collection of available candidate pictures. While
the norming variables showed correlation, and both sets have
the commonality of being colored pictures, we acknowledge
the stylistic distinctions between the two sets. By presenting
these differences and similarities objectively, we aim to aid
future researchers, especially those exploring the impacts
of picture types, in making well-informed decisions about
using these collections. Moreover, if researchers choose to
combine the two sets, it is essential for them to recognize
and consider these differences between the two sets. We rec-
ommend that they include these normed variables as con-
trols when selecting a combined set of picture stimuli.

One potential limitation in the current experiment is the
absence of AoA data. Many studies rely on subjective rating
of AoA, where participants estimate the age at which they
learned a word (Chen & Zhu, 2015; Crepaldi et al., 2012;
Momenian et al., 2021). However, subjective reporting can
be prone to various inaccuracies influenced by factors such
as underestimation of vocabulary knowledge due to infantile
amnesia, or a broader age range for respondents to choose
from, and natural memory decay of early-acquired vocabu-
lary (Xu et al., 2020). Alternatively, AoA information can

be objectively obtained by analyzing the occurrence of a
word in children’s speech samples (Perret & Bonin, 2019).
Unfortunately, unlike other languages, there are very few
Cantonese-based speech corpora available. Despite attempt-
ing to retrieve AoA information from the MacArthur-Bates
Communicative Development Inventories (Frank et al.,
2017), our efforts were hindered by the unsatisfactory over-
lap between the available statistics and the items in the cur-
rent experiment. Future norming studies on Cantonese are
recommended to collect AoA data when feasible.

Overall, the present norming provides several linguis-
tic variables in Cantonese that are important for selecting
picture naming materials. It offers a timely and valuable
alternative for researchers in the field of psycholinguistics,
especially those studying Cantonese production and lexical
retrieval. To decide the efficacy of the current norming, it is
crucial to further demonstrate how well these normed vari-
ables could predict picture naming reaction time. Therefore,
we introduced the second experiment.

Experiment 2: Validating typed norming
with spoken picture naming

Methods
Participants

Thirty college students with comparable demographic pro-
files to Experiment 1 were recruited to participate in the oral
picture naming task (mean age =20.8 years, SD =2.3 years,
range = 18-25 years, 25 female). There were no repeated
participants between the two experiments. All participants
spoke Cantonese as their native and dominant language,
and they were all multilingual, similar to the participants
in Experiment 1. Among these participants, 79% reported
their second language to be Mandarin Chinese, while 79%
reported their third language to be English. The self-rated
proficiency for Cantonese (mean=0.90, SD=0.11) was
comparable to that of the second language (mean=0.85,
SD=0.14; p>.1), which was significantly higher than that
of the third language (mean=0.60, SD=0.12; p <.001).
Informed consent was obtained from each participant prior
to the beginning of the study. The study protocols, proce-
dures, and consent forms were approved by the Research
Ethics Committee of the University of Macau.

Stimuli and procedure
A subset of 300 pictures from MultiPic (170 pictures) and
McRae (120 pictures) were selected for oral picture naming.

During the picture naming task, pictures were presented and
participants were instructed to overtly name the picture as
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quickly and accurately as possible. Each picture disappeared
immediately after participants made a response or when the
maximum response time of 3000 ms was reached. All pic-
tures were presented in a pseudorandom manner, and par-
ticipants had an opportunity to take a break at the halfway
point. Before the formal experiment, ten pictures were pre-
sented to participants as practice. Stimuli were not repeated
across the practice or the formal runs. The experiment was
conducted using E-Prime 3 software (Psychology Software
Tools, Pittsburgh, PA). Participants’ verbal responses were
recorded using a microphone and a digital recorder.

Data analysis

Participants' responses were coded for accuracy (ACC) and
reaction times (RT) based on the recordings. Responses
were marked as incorrect (7.08% of MultiPic data; 9.47%
of McRae data) if there were omissions (including no
responses, or do not know) or dysfluencies (including hesita-
tion, repetition, or correction). Idiosyncratic responses were
also identified and excluded from further analysis (6.73%
of MultiPic data; 7.89% of McRae data). Reaction times
(RTs) were calculated using customized PRAAT scripts
(Boersma & Weenink, 2002), which identified speech onsets
by searching the recordings for pitch deviations within the
audio recording. The onsets were then manually verified by
using the audio and visual speech stream. After that, RTs
were calculated as the difference between picture onsets
(from E-Prime output) and the response onsets. Only RTs
for correct and non-idiosyncratic trials longer than 200 ms
and within 2.5 SDs were included in further analyses (11.24
% removed). In addition to ACC and RT, other normed vari-
ables reported from Experiment 1 (i.e., typed normed vari-
ables) were calculated based on data from participants in
Experiment 2 (i.e., spoken normed variables).

To investigate whether the typed and spoken normed vari-
ables could predict spoken reaction times, generalized linear
mixed-effects regression analyses were conducted, employ-
ing the Imer function in the /me4 package (Bates et al., 2014)
in the R environment (R Core Team, 2014). This approach
allows for random effects, making it possible to consider
individual data points, and controls for variation across par-
ticipants and items simultaneously, producing more gener-
alizable results. When defining the models, we started from
the full model as suggested in previous literature (Barr et al.,
2013). If the full models did not converge, then we took out
item-level random intercepts but kept the random slopes. For
both spoken normed variables and typed normed variables,
the regression included the trial-level reaction times as the
dependent variable, and fixed effects for across-participant
item-level H statistic of name agreement, visual complex-
ity, and target word log frequency as independent variables.
Additionally, for both regressions, random slopes of H
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statistics, visual complexity and target word log frequency
were included, allowing for variability in the impact of these
predictors across items. Furthermore, the familiarity rating
was included as one independent variable in the regression,
and the values from the trial level were utilized for the spo-
ken norming regression. Only values from across-participant
item-level familiarity rating were used for the typed norm-
ing regression, because participants differed between spoken
and typing experiments, but the random slope of familiarity
rating was then included in the regression. Note that con-
cept agreement was not included because of the collinearity
concern with H statistics (r=—. 47). Since all participants
were multilingual, additional regression analyses were also
conducted to investigate the relationships between language
experience (i.e., proficiency and number of languages) and
picture naming reaction time.

In addition, to further investigate the consistency between
different ways of testing—typing in Experiment 1 and speak-
ing in Experiment 2—correlational analyses were conducted
between the two experiments on the H statistics of name
agreement and familiarity rating.

Results

First, a mixed-effects regression was conducted on RT,
including four independent variables from the spoken nor-
ming from the current experiment (i.e., familiarity, H statis-
tics, visual complexity, and target word log frequency). The
model can be specified as RT (trial level) = B, + 3, famili-
arity (trial level) + 3, H statistics + f; visual complexity +
PB4 frequency + pu, H statistics + u; visual complexity + i,
frequency + e. Results showed that faster reaction time was
significantly predicted by lower H statistics of name agree-
ment (Fig. 2A, p=.09, SE=.01, t=6.64, p <.001), higher
familiarity rating (Fig. 2B, f=-.02, SE=.005, t=-3.19,
p=.001), and higher target word frequency (Fig. 2C,
p=-.03, SE=.01, t=-2.44, p=.02). No significant rela-
tionship was found between reaction time and visual com-
plexity (p=.02, SE=.01, t=1.71, p=.09).

Similarly, another mixed-effects regression was con-
ducted on RT, including the same four independent vari-
ables from the original typed norming from Experiment
1. The model can be specified as RT (trial level) = f, + f;
Sfamiliarity (across-participant item-level) + 3, H statistics
+ B; visual complexity + p, frequency + p, + u; familiar-
ity (across-participant item-level) + u, H statistics + iz
visual complexity + p, frequency + e. Results showed that
faster reaction time was significantly predicted by lower H
statistics of name agreement (Fig. 2A’, f=.06, SE=.01,
t=5.46, p <.001), higher familiarity rating (Fig. 2B/,
f=-.15,SE=.01,t=-11.92, p<.001), and higher tar-
get word frequency (values same to Fig. 2C, p=-.05,
SE=.01, t=-5.01, p<.001). No significant relationship
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Fig.2 The predictive effect of spoken (top panel) and typed (bottom
panel) variables with respect to spoken reaction times. Across both
modules, higher name agreement (i.e., lower H statistics, A and A’),
higher familiarity rating (B based on trial-level rating, and B’ based

was found between reaction time and visual complexity
(B=.02, SE=.01,t=1.40, p=.17).

Exploration of the relationship between language profi-
ciency and reaction time showed that higher L1 proficiency
was significantly associated with shorter reaction time
(Fig. 3A, p=-.13, SE=.04, t = 3.30, p <.001), while higher
L2 (Fig. 3B, p=.32, SE=.03, r = 9.75, p<.001) and L3
(Fig. 3C, p=.12, SE=.04, t = 2.88, p=.004) proficiency
were significantly associated with longer reaction time. The
number of languages spoken did not significantly affect pic-
ture naming reaction times (Fig. 3D), F (1, 28)=.59, p=.45.

To compare the consistency between different modules
of testing, correlation analyses were conducted on the nor-
med variables calculated from each experiment on the subset
stimuli in Experiment 2 (i.e., 300 pictures, Fig. 4). Results
showed that both the H statistics of name agreement (r=.59,
p <.001) and the frequency rating (r=.87, p<.001) were
significantly correlated between the two experiments, dem-
onstrating a high consistency between typed and spoken
responses.

Discussion

In the current experiment, we validated the predictive capac-
ity of the normed variables generated from typed to spoken

Typing Familiarity Rating

on across-participant item-level rating), and higher target word fre-
quency for spoken/typed (C) were significantly associated with faster
reaction time.

picture naming. A different group of participants with com-
parable demographic characteristics named a subset of the
original pictures orally and corresponding normed variables
were calculated from their spoken responses.
Correlational analyses on H statistics and familiarity
ratings suggested that different modules of norming (i.e.,
typed vs. spoken) demonstrated a high level of similarity.
Despite these high similarities across modules, it is impor-
tant to highlight a distinct pattern observed in the typing
module, where a greater variety of responses were present
than in the spoken module (i.e., H statistics from typing
displayed fewer zero values and a wider range than those
from speaking). This discrepancy may be related to partici-
pants having the opportunity to take more time to formulate
and type their responses, thereby introducing larger varia-
tions in word selection during typing. Essentially, spoken
responses may involve more automatic processes, whereas
typed responses may reflect a more deliberate and controlled
cognitive effort. Besides the comparability on normed vari-
ables between the two modules, typed and spoken norming
variables stably predicted reaction times in picture naming
in a similar manner. Specifically, lower name agreement,
familiarity, and target word frequency were all associated
with slower responses, indicating more difficult retrieval
processes during production. These results are consistent
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with previous norms in other languages (Alario et al., 2004;
Perret & Bonin, 2019), including Mandarin Chinese and
Cantonese (Chen & Zhu, 2015; Momenian et al., 2021;
Weekes et al., 2007). Additionally, these factors are assumed
to exert their influence at different levels of picture naming
(Alario et al., 2004; Graves et al., 2007). Specifically, picture
familiarity reflects how frequently the object presented in an
image is encountered, thereby impacting the processing of
object and concept identification. Name agreement indicates
the level of consensus among participants in labeling a spe-
cific picture. Lower agreement suggests more lexical labels
competing for selection. Therefore, when examining picture
naming, name agreement should be one of the most impor-
tant predictors to consider. Last but not least, the current
study, along with numerous previous studies, highlights the
effect of word frequency on picture naming reaction times,
by modulating the difficulty of lexical selection. The effect
of word frequency on picture naming has been consistently
observed and recommended as a significant predictor of
picture naming performance (Jescheniak & Levelt, 1994;
Oldfield & Wingfield, 1965).
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Although participants in the current sample were all native
Cantonese speakers, they were all multilingual and spoke at
least two languages. While the number of languages spoken
did not significantly affect picture naming reaction times, we
found that higher Cantonese proficiency was associated with
faster Cantonese naming. However, higher proficiency in
other non-native languages was associated with slower nam-
ing in the native Cantonese, consistent with many previous
studies and with the frequency-lag hypothesis (Gollan et al.,
2008; Gollan et al., 2011). It should be noted that although
the current sample is highly representative of the local popu-
lation in Macau, and even of all Cantonese-speaking popula-
tions, it might not be representative of Cantonese monolingual
speakers. Researchers who are interested in Cantonese mono-
lingual populations should utilize this norm with caution.

Conclusion

In the current study, we normed a total of 1286 pictures
from multiple resources in Cantonese. Normed variables
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including name agreement, concept agreement, familiarity,
visual complexity, and target word frequency are provided.
We compared the current Cantonese norming to other lan-
guages, demonstrating similarities and variations among dif-
ferent languages. We also embraced the multilingual nature
of the current population and found that higher Cantonese
proficiency but lower non-native language proficiency was
associated with better spoken picture naming. Last but not
least, we validated the predictive power of normed variables
calculated from typed responses to spoken picture naming
performance and the consistency between typed and spoken
responses. All raw data, analysis scripts, and final norming
results are available online as psycholinguistic norms for
Cantonese in the following link at the Open Science Frame-
work: https://osf.i0/dz9j6/?view_only=a452d8a56c92430
b9dedf21ac26blbcl.

Overall, the present norming provides a timely and valu-
able alternative for researchers in the field of psycholinguis-
tics, specifically those studying Cantonese production and
lexical retrieval. It offers a reliable method for selecting Can-
tonese picture naming materials, proving to be highly benefi-
cial for researchers seeking accurate and relevant resources.
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