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Abstract

Cross-cultural studies are crucial for investigating the cultural variability and universality of cognitive developmental
processes. However, cross-cultural assessment tools in cognition across languages and communities are limited. In
this article, we describe a gaze-following task designed to measure basic social cognition across individuals, ages, and
communities (the Task for Assessing iNdividual differences in Gaze understanding-Open-Cross-Cultural; TANGO-CC). The
task was developed and psychometrically assessed in one cultural setting and, with input of local collaborators, adapted
for cross-cultural data collection. Minimal language demands and the web-app implementation allow fast and easy
contextual adaptations to each community. TANGO-CC captures individual- and community-level variation and shows
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good internal consistency in a data set of 2.5- to 11-year-old children from 17 diverse communities. Within-communities
variation outweighed between-communities variation. We provide an open-source website for researchers to customize
and use the task (https://ccp-odc.eva.mpg.de/tango-cc). TANGO-CC can be used to assess basic social cognition in
diverse communities and provides a roadmap for researching community-level and individual-level differences across

cultures.
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For decades, researchers have advocated for more diverse
samples in psychological research and cautioned against
relying solely on convenience samples from the Global
North (Arnett, 2008; Henrich et al., 2010; Lillard, 1998).
Despite numerous calls for change, the samples reported
in major psychology journals still lack diversity (Apicella
et al., 2020; Gutchess & Rajaram, 2023; Thalmayer et al.,
2021). This hinders progress in theory building and test-
ing: One cannot draw inferences about universal and
variable aspects of the human cognitive system from data
collected exclusively in one single community (Krys et al.,
2024). Although this sampling bias is often discussed in
adult psychology, it is equally relevant to developmental
psychology (Nielsen et al., 2017). Early experiences shape
the way children think about and interact with the world,
and an ontogenetic perspective is needed to explore the
foundational aspects of human behavioral diversity (Amir
& McAuliffe, 2020; Broesch et al., 2023; Liebal & Haun,
2018; Torréns et al., 2023).

There are numerous challenges with collecting cross-
cultural, developmental data (Amir & McAuliffe, 2020;
Broesch et al., 2023). Cross-cultural studies need reliable
and valid measures to capture variation between com-
munities and/or individuals systematically. Even though
this applies to all areas of cognitive development, we
focus on social cognition in this article.

Social cognition refers to how individuals process
information in social situations that allows them to
understand and predict others’ behavior (Adolphs, 1999;
Decety, 2020; Frith & Frith, 2007; Zeigler-Hill et al.,
2015). If, in theory, stimuli used in social-cognition tasks
should relate to people’s everyday experiences, then
tasks themselves should be tuned to the features of
specific communities. Indeed, task performance can be
diminished when stimuli do not reflect the characteristics
of the participants’ communities (Pefia, 2007). For exam-
ple, Elfenbein and Ambady (2002) found better emotion
recognition for members of the same national, ethnic,
or regional group. Selcuk et al. (2023) concluded that
children often attribute mental states more accurately

and more frequently to individuals from the same
community.

From a psychometric perspective, the situation looks
dire. Studies on social cognition with U.S.-American and
European samples rarely report psychometric informa-
tion (for a review, see Beaudoin et al., 2020), and the
picture further deteriorates when one looks at cross-
cultural social-cognition tasks (Bourdage et al., 2023;
Hajduik et al., 2020; Waschl & Chen, 2022). Thus, it is
already challenging to find reliable and valid tasks that
have measurement sensitivity to detect individual differ-
ences in one community, let alone tasks that do so across
different communities. In this article, we describe the
construction and psychometric evaluation of a cross-
cultural measure of basic social cognition (gaze follow-
ing) in children as a concrete example of how to address
this problem.

The approaches that researchers can take to collect
cross-cultural data lie on a continuum: The decision for
a specific method partly depends on whether research-
ers aim to increase the depth (culture specificity) or
breadth (standardization across multiple communities)
of their work (Amir & McAuliffe, 2020). At one extreme,
researchers translate the psychological construct into a
separate design or task for each community (termed
“assembly”; He & van de Vijver, 2012; Waschl & Chen,
2022). Although this approach allows greater flexibility
and sensitivity to cultural differences, it might not be
feasible to study a multitude of communities because it
becomes too demanding and time-consuming. Further-
more, the results are limited to each community, and
absolute task scores might not be comparable across
communities. A study that followed this approach is
Wefers et al. (2023), who investigated how cultural varia-
tions in parenting styles modulated infants’ responses to
disruptions in social interactions. Although studies in
the Global North often apply the still-face paradigm to
assess infants’ reactions to unresponsive partners, Wefers
et al. reasoned that this paradigm might not capture
infants’ everyday interaction routines in communities
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with proximal (i.e., emphasis on body stimulation) par-
enting styles. By developing the novel no-touch para-
digm, they found that indeed, infants’ responses to
unresponsive partners were modulated by the cultural
context in which they grew up: Kichwa infants from
rural Ecuador showed stronger reactions to unresponsive
partners in the no-touch paradigm compared with the
still-face paradigm, whereas reactions of urban German
infants differed less in both paradigms.

At the other extreme, researchers use the same stan-
dardized procedure across diverse communities, poten-
tially providing a simple translation or modification of
stimuli to ensure they are culturally appropriate (termed
“adoption” and “adaptation,” respectively; He & van de
Vijver, 2012; Waschl & Chen, 2022). This approach is less
sensitive to each community’s unique characteristics but
renders quantitative comparisons of data more feasible.
An example of this approach is the Multilingual Assess-
ment Instrument for Narratives (MAIN; Gagarina et al.,
2012), which assesses narrative abilities in monolingual
and multilingual children. Extensive piloting and adapta-
tion of MAIN materials ensured that the instrument is
culturally appropriate, robust, and suitable for cross-
linguistic comparisons (Gagarina et al., 2012), and new
and revised language versions are continuously added
to the MAIN database (Gagarina & Lindgren, 2020).

In the present article, we aim to describe the develop-
ment and psychometric properties of a social-cognition
task that can be adapted to diverse communities. On the
continuum described above, our task lies more toward
standardized approaches but allows for some customiza-
tion of the stimuli to each local community. The task
focuses on one of the most fundamental social-cognitive
abilities: gaze following, that is, the ability to identify the
attentional focus of another agent. Gaze following devel-
ops early in infancy (Del Bianco et al., 2019; Tang et al.,
2024) and contributes to social learning, communication,
and collaboration (Bohn & Koymen, 2018; Hernik &
Broesch, 2019; Shepherd, 2010; Tomasello et al., 2007).
Identifying the attentional focus of a conversational part-
ner facilitates language development (Brooks & Meltzoff,
2015; Carpenter et al., 1998; Mundy et al., 2007) given
that children might use gaze to identify the referent of a
new word (Brooks & Meltzoff, 2005).

One of the main open questions is the impact of
social-environmental and cultural factors on gaze fol-
lowing (Astor & Gredebick, 2022), but studies on varia-
tion in gaze following across communities are rare.
Recently, Brooks et al. (2020) found that Deaf infants
show increased gaze following compared with hearing
infants, underlining the importance of visual-communi-
cative signals for Deaf children. Callaghan et al. (2011)
investigated gaze following behind barriers in 12- and
17-month-olds from rural Canada (i = 35), Peru (12 = 38),

and India (7 = 65). In their setup, an agent looked at
a toy behind a barrier (experimental condition) or a
sticker in front of a barrier (control condition), and chil-
dren’s crawling toward the barrier to follow the agent’s
gaze was assessed. Although the absolute crawling rates
differed across communities, children in all three com-
munities crawled more often to gain visual access when
the agent looked at an object behind the barrier than in
front of it. Hernik and Broesch (2019) studied 22 infants
between 5 and 7months of age from Vanuatu and used
an eye-tracking procedure displaying a local actor look-
ing at one of two objects. Even though face-to-face inter-
actions are less common in parent-child interactions in
Vanuatu than in Western communities, the resulting pat-
terns of gaze following in Ni-Vanuatu infants resembled
those of their Western counterparts: Infants from Vanu-
atu followed the agent’s gaze to the target object only
when preceded by infant-directed speech and not adult-
directed speech. Astor et al. (2022) analyzed the effects
of maternal postpartum depression on gaze following
in 9-month-old infants from Bhutan and Sweden.
Although infants showed similar gaze-following rates in
both countries, maternal postpartum depression was
associated with reduced gaze following only in the
Swedish sample. Beyond gaze following, some studies
conducted in the Global South have investigated oppor-
tunities for mutual eye gaze and factors influencing joint
attention (see Akhtar & Gernsbacher, 2008). For exam-
ple, Kaluli infants in Papua New Guinea are often carried
facing away from their mothers, so infants and caregivers
share mutual gaze less frequently (Ochs & Schieffelin,
1984). Childers et al. (2007) studied Ngas-speaking
infants in Nigeria and found no effect of the caregivers’
carrying style (usually on the back) on children’s joint-
attention tendencies.

Although these studies point toward potential cross-
cultural stability of gaze following, the lack of psycho-
metrically evaluated tasks and the small number of
communities studied limit the generalizability of these
findings and—more importantly—do not allow for study-
ing individual differences. A more comprehensive cross-
cultural study on gaze following was recently conducted
by Bohn, Prein, et al. (2024). The researchers tested the
universality of gaze following by studying 17 different
communities on five continents and found evidence for
a similar processing mechanism across communities.

The task presented in this article was developed for
the study by Bohn, Prein, et al. (2024) and is based on
a previously established gaze-following task called
“TANGO” (Task for Assessing iNdividual differences in
Gaze understanding-Open) by Prein, Kalinke, et al.
(2024). TANGO measures how precisely participants
locate an agent’s attentional focus. It reliably measured
individual differences in a German child sample and an
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English-speaking remote adult sample (Prein, Kalinke,
et al., 2024). However, we cannot claim the task’s gener-
alizability and reliability based on a monocultural sample.
In this article, we showcase TANGO-Cross-Cultural
(TANGO-CQ), a standardized gaze-following task that has
been adapted to 13 languages and even more communi-
ties, and evaluate its psychometric properties by leverag-
ing a large and diverse data set of 2.5- to 11-year-olds from
17 diverse communities (Bohn, Prein, et al., 2024). We
describe the task’s development and provide a tutorial for
the open-source website (https://ccp-odc.eva.mpg.de/
tango-cc/).

Task Development

Approach

TANGO-CC was implemented in Leipzig, Germany, and
thoroughly assessed in terms of reliability and validity
(Prein, Kalinke, et al., 2024). During this process, the cross-
cultural adaptation of the task was prepared by a team of
cross-cultural psychologists and cognitive scientists. In this
article, we assess TANGO-CC’s measurement quality (i.e.,

variability and reliability) across 17 diverse communities
by analyzing the data set from Bohn, Prein, et al. (2024).
In the following, we describe the different steps in detail.
TANGO-CC is a screen-based, interactive picture book
with cartoon-like line drawings (see Fig. 1). Previous
gaze studies have successfully implemented tasks with
(schematic) line drawings for both children and adults
(e.g., Anderson & Doherty, 1997; Doherty & Anderson,
1999; Doherty et al., 2009; Kingstone et al., 2000; Lee
et al., 1998). TANGO-CC measures the imprecision with
which participants locate a balloon by following an
agent’s gaze. Participants click or touch the location on
the screen where they believe the balloon to be. Preci-
sion is measured as the distance between the participant’s
click on the screen and the balloon’s real position.
During the task development, we decided to imple-
ment the task’s main functionality independently of the
task’s appearance. We programmed a function that cal-
culates the x and y coordinates of where the agent’s
pupil and iris should move to follow the balloon given
the eyes’ and balloon’s original positions and measures.
Because the measures of the eyes and balloon are read
out dynamically from the image on screen, stimuli can

Training 1

Training 2

Test

Fig. 1. Screenshots of TANGO-CC trials. In Training 1, an agent looks at a balloon that falls to the ground, and participants have to respond
by clicking/touching the balloon. In Training 2, the balloon falls behind the hedge while its flight is still visible. Participants respond by
clicking the hedge where they think the balloon is. In test trials, the balloon’s movement and final position are covered by a hedge, and
participants respond by clicking the hedge. In the task, all movements are smoothly animated (no still pictures). Yellow frames indicate the
time point when participants respond (only illustrative, not shown during the task). TANGO-CC = Task for Assessing iNdividual differences

in Gaze understanding-Open-Cross-Cultural.
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be easily adapted and exchanged (i.e., no coordination
values for animation are hard-coded into the task’s
source code). After having programmed this “backbone”
functionality of the task (i.e., animate the eyes so that
they follow the balloon), we added the task’s audio
instructions and superficial appearance (e.g., back-
ground scene, hedge, agent faces).

This basic version of TANGO was psychometrically
evaluated in a German child sample and an English-
speaking remote adult sample and was found to be
highly reliable and valid (Prein, Kalinke, et al., 2024).
Although children became more precise in locating the
agent’s attentional focus with age, individuals differed
across all age groups and showed no floor or ceiling
effects. In the Leipzig sample, performance on TANGO
was weakly related to factors of children’s daily social
environment and could predict children’s receptive
vocabulary 6 months later. In a computational cognitive
model, Prein, Maurits, et al. (2024) described gaze fol-
lowing as a form of social vector following and empiri-
cally found that performance on TANGO was related
to children’s nonsocial vector following and visual
perspective-taking abilities. These connections to related
constructs indicate the task’s convergent validity in the
German child sample.

To adapt the task for cross-cultural data collection,
we generated a set of human cartoon faces and back-
ground scenes with input from local researchers and
research assistants. The stimulus pool was adjusted and
expanded until the researchers and research assistants
from each target community judged the selected stimuli
to be representative of the local population and typical
accommodation (see Fig. 2). Audio instructions were
translated from English or German into the correspond-
ing local language(s). By back-translating these instruc-
tions, we ensured the original meaning did not change.
Sometimes, specific words were slightly modified in the
target language (e.g., “bush” instead of “hedge”) to
ensure that all participants understood the instructions
well. Based on these adaptations, TANGO-CC could be
applied in 17 communities and 13 different languages
(Bohn, Prein, et al., 2024). In the following, we describe
how researchers can use and customize TANGO-CC in
more detail.

Features of TANGO-CC

Trials. The task consists of three different trial types:
Training 1, Training 2, and test trials (see Fig. 1). In every
trial, participants see an agent (boy or girl) looking out of
a house with a balloon (red, blue, green, or yellow) in
front of the agent. The balloon falls down to the ground.
The eyes of the agent follow the movement of the balloon
in a way that the balloon center and the pupil center always
align. Depending on the trial type, participants’ visual

access to the balloon’s position varies. This experimental
design builds on existing gaze-following paradigms that
have used barriers or obstacles (e.g., Butler et al., 2000;
Dunphy-Lelii & Wellman, 2004; Franco & Gagliano, 2001,
Moll & Tomasello, 2004). In Training 1, participants see the
full trajectory of the balloon and directly have to click on
the balloon itself. In Training 2, participants see most of the
balloon’s movement, but a hedge covers the final location.
In test trials, a hedge grows at the beginning of the trial,
and participants see neither the movement nor the final
position of the balloon.

The first trial of each type contains an audio descrip-
tion of the presented events (see the Supplemental Mate-
rial available online). Note that the instructions explicitly
state that the agent is looking at the balloon. This ensures
all participants understand the purpose of the task and
minimizes learning effects (increasing comparability
between earlier and later trials, avoiding that participants
notice the gaze cue only after, e.g., half of the trials).
TANGO-CC measures how precisely participants use the
gaze cue rather than if they notice it in the first place.

The outcome variable is the distance between the
participant’s click and the balloon’s center. Trials can be
completed quickly and efficiently so that children can
complete 15 trials within 10 min, and few children fail
to complete the task. By using self-explanatory anima-
tions, language demands are kept to a minimum. The
task uses simple audio instructions, which makes the
task accessible to children from different age groups,
and no reading skills are required. There is no feedback
during the task to prevent learning effects across trials.

Randomization. The order of the agents, balloon col-
ors (red, yellow, green, blue), and balloon positions are
each randomized independently. For the balloon posi-
tions, the entire width of the screen (1,920 in scalable-
vector-graphics [SVG] units) is divided into 10 bins. Exact
coordinates (value between 0 for the far left and 1,920 for
the far right) in each bin are then randomly generated.
The number of repetitions for each agent, balloon color,
and balloon bin is calculated based on the total number of
trials and the number of unique agents, balloon colors,
and bins, respectively. All agents, balloon colors, and bins
appear equally often and are not repeated in more than
two consecutive trials. If the total number of trials is not
divisible by the number of unique elements, some ele-
ments (i.e., some agents, balloon colors, bins) are ran-
domly repeated to make up for the remainder.

Cross-cultural customization. When researchers visit
TANGO-CC website (https://ccp-odc.eva.mpg.de/tango-
cc/), they can select the language for audio instructions
that are currently available for 13 different languages and
five more dialects (see Table 1). To add a new language,
researchers have two options. (a) For using their own
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Customize your study

Please choose the number of trials:

Training 1:
(path of balloon visible)

1

Training 2:
(path of balloon partially covered)

Test trials:
(path of balloon completely covered)

16

Please choose the background:

Please choose which agents should be displayed:

[ Select all agents.

If there are more agents than trials, the study will present a random subset of the selected agents.
If there are more trials than agents, the selected agents will be repeated equally often (filled up with random subset of the selected agents for remaining trials).
To see identifiable image names, hover with your mouse over the respective image.

Fig. 2. Screenshot of the customizable components of TANGO-CC. Researchers can select the language of the audio instructions (see Table
1), the number of trials per trial type, the background, and the agent’s face. TANGO-CC = Task for Assessing iNdividual differences in Gaze

understanding-Open-Cross-Cultural.

audio instructions in the offline version of the task,
researchers can download the task, exchange the audio
instructions in the “dist” folder (in the folder sounds>
custom), and select “Custom” in the language drop-down
menu. For detailed instructions, see TANGO-CC manual
(https://ccp-odce.eva.mpg.de/tango-cc/manual.html). (b)
For adding a new language in the online version of the
task, researchers can contact J. C. Prein. Note that this
option requires new audio recordings by the interested
researchers, which will then be openly available for all
users of the task. All written instructions in the task are

solely for the research assistant to help them guide partici-
pants through the task; these instructions are solely avail-
able in English. The task can either be started with the
default settings or further customized by adapting the
number of trials, agents, and background scenes. The
default settings use the version applied in Bohn, Prein,
et al. (2024) based on the selected language (see the Sup-
plemental Material).

If researchers choose to customize the task (see
Fig. 2), they can adjust the number of trials for each trial
type but not their sequence. Specifically, trial types build
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Table 1. Current Language Options Available for the Audio
Instructions in TANGO-CC

Language Speaker’s country

Languages family of origin

Bemba Bantu Zambia

Chinese Sino-Tibetan China

English Indo-European  United States, United
Kingdom, India,
Nigeria, New
Zealand

German Indo-European  Germany

(#Akhoe) Hai|lom  Khoe-Kwadi Namibia

Khwedam Khoe-Kwadi Namibia

Lingala Bantu Republic of the Congo

Marathi Indo-European  India

Shona® Bantu Zimbabwe

Spanish Indo-European  Argentina (Rioplatense
Spanish), Mexico
(Mexiquense
Spanish)

Kiswabhili Bantu Uganda

Turkish Turkic Turkiye

Yaka Bantu Republic of the Congo

Note: In cases in which more than one speaker’s country of origin is
listed, the audio instructions were recorded multiple times by different
speakers. For example, the English instructions are available in five
different versions.

2Audio instructions are available in Shona, but no data of this version
are included in the present data set.

on each other, and participants need to complete each
trial type (without skipping any) to understand the struc-
ture of the task. The minimum number of trials per type
is one; the maximum is 100. Furthermore, researchers
can customize backgrounds by selecting one of four
different backgrounds. Finally, researchers can choose
from 50 diverse cartoon-like human faces (50% female,
50% male) and freely select how many different faces to
include (minimum = 1, maximum = 50). Once all the
settings are selected, the customized task is compiled.
To save the selected settings, researchers can bookmark
the URL to easily access the customized task.

In the last step, researchers can enter an alphanumeric
participant identifier (one to eight characters) and enable
a webcam recording of the participant if needed. A web-
cam recording might prove especially helpful for unsu-
pervised online data collection to ensure that the
participant is alone during the task and no help is pro-
vided. The participant identifier and webcam choice
have to be provided every time the task is run.

The source code of the task is openly available on
GitHub (https://github.com/ccp-eva/tango-cc). By
directly editing the HTML and JavaScript code, research-
ers can further modify the task as needed. To ensure the

accessibility of TANGO-CC long-term, we have addition-
ally stored the source code on Zenodo (https://zenodo
.org/doi/10.5281/zenodo.13643830).

We created a public OSF page (https://doi.org/
10.17605/OSF.10/P2EGU) on which we plan to collect
data sets that used TANGO-CC. Researchers who have
collected data using TANGO-CC can share their data with
the community by contacting J. C. Prein or visiting the
OSF repository.

Task implementation

The task was implemented in JavaScript, HTML, and CSS
and is presented as a web app. It can be accessed on
any modern web browser on any device (e.g., computer
or tablet) and does not require prior installation (although
note that configurations of browsers and JavaScript may
change in the future). Participants’ responses can be
recorded on a touchscreen or with a mouse or trackpad.
The online version of the task can be used for unsuper-
vised data collection (e.g., using online platforms such
as Prolific; see Prein, Kalinke, et al., 2024). The task can
be shared easily internationally by providing the URL.
The web-app implementation does not require a work-
ing WIFI connection: An offline version of the task can
be downloaded and quickly set up for devices that sup-
port Node.js (https://nodejs.org/en). This is an espe-
cially useful feature for researchers working in locations
with limited internet access.

The stimuli are embedded as SVGs (an XML format
that describes elements in mathematical formulas based
on points and lines on a grid). SVGs ensure that the
picture quality, aspect ratio, and relative object position-
ing are constant. Furthermore, stimuli are added as indi-
vidual components to the image scene, which allows for
an easy adaptation of the task’s elements (in contrast to
other image formats that consist of only one combined
layer that would need entire replacement). The task is
programmed so that responses are registered only when
the participant clicks on the relevant part of the screen
(i.e., in test trials, when they click on the hedge). Fur-
thermore, clicks are registered only after the voice
recordings stop playing. An audio reminder is played
again if no click is registered within 5s.

The website does not use cookies or upload any data
to servers; that is, the data are stored only locally on the
device. The output of the task is a CSV file (and WEBM
file if a webcam recording was selected) that contains
the participants’ responses and can be easily imported
into statistical software for further analysis. The file will
be stored in the device’s downloads folder and is named
after the following pattern: “tangoCC-participantID-
YYYY-MM-DD_hh_mm_ss.” To modify the storage loca-
tion on the device, researchers can change the designated
downloads folder in their browser settings.
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Psychometric Evaluation

Data set

We used the data set from Bohn, Prein, et al. (2024) for
the psychometric evaluation of TANGO-CC. The data set
contains a sample of 1,377 children, ages 2.5 to 11 years
(see the Supplemental Material). Participants came from
17 communities on five continents, in rural and urban
settings, with varying degrees of market integration and
technology exposure. Bohn, Prein, et al. carried out 19
trials (one Training 1, two Training 2, and 16 test trials,
of which the first of each type had audio instructions)
on a touchscreen device. Faces, backgrounds, and lan-
guages were chosen by researchers and assistants with
experience in the specific community. For further details
on the communities, participant information, and data-
collection procedures, see the supplements of Bohn,
Prein, et al. (2024).

Individual differences

All analyses and the data set are available on GitHub
(https://github.com/ccp-eva/tango-cc-methods/). First,
we inspected the mean and standard deviations by com-
munity and compared performance in each trial type
(Training 1, Training 2, test trials). Performance was
defined as the absolute distance between the target cen-
ter and the x coordinate of the participant’s click (mea-
sured in balloon widths). Across communities, children
performed best in Training 1 (M = 0.19, SD = 0.63),
followed by Training 2 (M = 0.79, SD = 1.44) and test
trials (M = 2.21, SD = 2.03; see Fig. 3).

To formally estimate the effect of trial type on perfor-
mance in TANGO-CC, we fitted a generalized linear
mixed model (GLMM) predicting the task performance
by trial type (reference category: test trials). All analyses
were run in R (Version 4.4.1; R Core Team, 2024). GLMMs
were fitted with default priors using the function brm
from the package brms (Burkner, 2017, 2018). The model
included random effects for trial type by community
(model notation in R: imprecision ~ trialtype + (trialtype
| community)), and imprecision was modeled by a log-
normal distribution. We inspected the posterior distribu-
tion (mean and 95% credible interval [CrI]) for the
trial-type estimates.

Our GLMM analysis supported the visual inspection
of the data: The fixed-effect estimates for Training 1 (f =
—3.26, 95% Crl = [-3.41, =3.10D and Training 2 (f = —1.47,
95% Crl = [-1.58, —1.35]) were negative and reliably dif-
ferent from zero.! This effect was found across all com-
munities (random effects of trial type within community:
minimum estimate for Training 1 = —-2.87, 95% Crl =
[-3.11, —2.60]; minimum estimate for Training 2 = —1.27,
95% Crl =[-1.51, —0.98]). The almost perfect performance
in training trials indicated that children understood the

task and were able to correctly indicate the location of
the balloon when its path was (mostly) visible. In test
trials, children’s imprecision was higher, indicating that
the task was more challenging. All communities showed
substantial individual variation and overlapped in their
imprecision levels (see Fig. 3).

To identify the sources of variation, we computed
intraclass correlations (ICCs). The variation in children’s
imprecision within communities was substantially larger
than the variation between the communities. The mean
within-communities variance was 1.28, ranging from 0.24
(in Pune, India) to 3.46 (in Chimfunshi, Zambia).
Between-communities variance was 0.34. The ICC, rep-
resenting the proportion of between-communities vari-
ance relative to the total variance (sum of within- and
between-communities variance), was 0.02. This indicated
that only 2% of the total variability in the data could be
attributed to differences between communities, whereas
the remaining 98% were attributed to differences within
communities (Kusano et al., 2024).

Reliability

To assess reliability, we estimated internal consistency
in each community in three different ways. First, data of
each participant were split into odd and even trials, and
a Pearson correlation was calculated between the aggre-
gated scores of the two halves. Second, using the func-
tion by_split from the splithalfr package (Pronk et al.,
2022), data were stratified by target centrality, and a
Pearson correlation was calculated between the matched
halves. Target centrality measured how closely the target
landed to the center of the screen (i.e., distance from
the balloon center to the screen center), which served
as a proxy for trial difficulty and was previously found
to be a relevant component in predicting participants’
performance in a cognitive model (Prein, Maurits, et al.,
2024). Third, a data set was generated with stratified test
halves by target centrality, and we applied the GLMM
approach introduced by Rouder and Haaf (2019). A
GLMM was fitted with the mean imprecision as the out-
come, age as the predictor, and test half and participant
ID as random effects (model notation: imprecision ~ age +
(0 + half | subjid)). The model estimates correlations
between participant-specific estimates for each test half.
The hierarchical shrinkage of the model enables accurate
person-specific estimates. By incorporating age as a
fixed effect, the correlation between the two person-
specific estimates represents the age-independent esti-
mate for internal consistency. This removes the possibility
that a good internal-consistency estimate results from
general cognitive development rather than task-specific
interindividual differences. Because the process of gen-
erating stratified data sets is partly random, the model
was fitted 50 times for each community. The posterior
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Odd-Even Split Stratified by Target Centrality Stratified, Age-Corrected
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Fig. 4. Reliability of TANGO-CC by community: internal consistency estimates by community, following three different approaches. In
the odd—even split, the size of points reflects the sample size in each community. In the stratified approach with and without age correc-
tion, density curves show the posterior distributions of the generalized linear mixed model. TANGO-CC = Task for Assessing iNdividual

differences in Gaze understanding-Open-Cross-Cultural.

estimate of the correlation between the two person-
specific estimates was taken as the age-independent
estimate for internal consistency.

For results, see Figure 4. Across communities, internal-
consistency estimates ranged from 0.51 to 0.80 for the
odd-even split, 0.62 to 0.89 for the stratified internal
consistency, and 0.62 to 0.87 for the age-corrected
approach (Plymouth, England, was an outlier with 0.28).
Following Cohen’s (1988, 1992) suggestions, these cor-
relations constitute large effects (#>.50) and indicate
good internal consistency.” The results are comparable
with the internal-consistency estimates found in the
original TANGO study (Prein, Kalinke, et al., 2024) and
also resemble reliability estimates of classical false-belief
tasks (Hughes et al., 2000).

In an exploratory analysis, we found that communities
with larger individual variation showed higher internal
consistency estimates (Pearson’s 7 = .46, 95% CI = [-.03,
.77D. This suggests that the less variation a task can
capture within a community, the lower the reliability is.
However, this correlation could be influenced by outli-
ers, and the sample size here (N = 17 communities) is
too small to make substantial claims.

Discussion

TANGO-CC measures imprecision in gaze following
across individuals, ages, and communities. Children’s

imprecision in gaze following showed highly similar
result patterns across communities: Children performed
better in the training than the test trials, and within-
communities variation greatly exceeded between-
communities variation. Furthermore, the task showed
satisfactory to high reliability across all communities.
Therefore, TANGO-CC is a suitable task to capture indi-
vidual differences in social-cognitive development in
diverse communities.

TANGO-CC’s design process lays out a much-needed
pragmatic approach to studying community-level and
individual-level differences across cultures: While we
performed a detailed psychometric evaluation of the task
in a German setting, we collaborated with local research-
ers for the cross-cultural stimulus development and
selection. We reassessed TANGO-CC’s psychometric
properties in a large and diverse data set. Although we
cannot generalize our findings to all communities world-
wide, we found that TANGO-CC captured reliable indi-
vidual variation in all 17 communities studied by Bohn,
Prein, et al. (2024). We hope that not just TANGO-CC
but also our pragmatic approach to constructing it will
be helpful to other researchers. We recommend that
researchers consider generalizability concerns and cross-
cultural applications of their tasks and collaborate with
local researchers at the early stages of task development
(Torréns et al., 2023). Using TANGO-CC (or any other
task) in a new community requires sensitivity to the
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specific context, piloting, and most important, the
involvement of researchers or research assistants from
the specific community.

Bourdage et al. (2023) pointed out a major challenge
with adapting social-cognition tasks to diverse communi-
ties: The number of world cultures is vast, and commu-
nities are constantly changing. Therefore, a promising
approach might be to provide tasks with a modular
system in which components can be modified (i.e.,
building-block structure). In the case of TANGO-CC, the
task can not only be adapted to different languages,
cartoon faces, and backgrounds (see Fig. 2) but also
updated with new stimuli. Unlike studies that present
sequential, hand-painted pictures that are difficult to
adapt (Mehta et al., 2011), TANGO-CC uses SVGs that
can be easily exchanged.

Compared with one of the most commonly used
social-cognition measures—the change-of-location false-
belief task (Baron-Cohen et al., 1985; Wimmer & Perner,
1983)—TANGO-CC has several advantages: a continuous
outcome measure that can capture individual differences
from 3 years to adulthood, a short task duration that
allows for more trials per child, stimuli that can be easily
adapted, and known psychometric properties across 17
communities. The task is presented as a web app that
enables efficient data collection with large sample sizes,
although it can also be used to collect data offline in
locations without a reliable internet connection. TANGO-
CC follows a standardized procedure, which prevents
rater errors and greatly simplifies online training of
research assistants. Furthermore, minimal language
demands and an engaging, playful design increase the
task’s usability and reduce noncompletion rates.

TANGO-CC will be a useful asset for exploring a range
of research questions. First, TANGO-CC could be applied
to assessing relationships between gaze following and
other (social-)cognitive constructs. Examples include the
relationship between gaze following and theory of mind
(Prein, Maurits, et al., 2024) or eye gaze in sharing behav-
iors and dictator games (Kelsey et al., 2018; Manesi et al.,
2016; Nettle et al., 2013; Wu et al., 2018). Second, TANGO-
CC could be used to examine the influence of environ-
mental factors on gaze following. Environmental factors
of interest could include household size (Bohn, Fong,
et al., 2024) or maternal postpartum depression (Astor
et al., 2022). Third, scores in TANGO-CC could predict
performance in other tasks at later time points. This
would be helpful for assessing predictive validity of gaze
following, for example, for language comprehension
(Prein, Kalinke, et al., 2024). Fourth, TANGO-CC could
be applied to measure children’s gaze following develop-
ment longitudinally, potentially combined with interim
interventions. The task is suitable for children, teenagers,
and adults alike and is sensitive to individual differences

throughout the life span (established in a German sample;
Prein, Kalinke, et al., 2024).

TANGO-CC is a screen-based task. Bohn, Prein, et al.
(2024) showed that children with no prior touchscreen
exposure were less precise in TANGO-CC than children
with prior experience. Therefore, the mode of stimulus
presentation needs to be kept in mind when administer-
ing TANGO-CC, especially in communities with little
technology exposure. Additional touchscreen training
(e.g., more trials of Training 1) might prove helpful in
these cases. If researchers are interested in controlling
for an effect of stimulus presentation, we recommend
gathering information on touchscreen exposure.

Individual differences were also present in communi-
ties with 100% touchscreen exposure, showing that this
factor alone could not explain children’s performance in
the task (Bohn, Prein, et al., 2024). Even though the
touchscreen experience caused absolute differences in
task performance, all communities showed the same pro-
cessing signature: Children were more precise in trials in
which the agent looked to a more central position (i.e.,
higher target centrality) compared with a position to the
far left or right of the screen. A computational cognitive
model predicted this processing signature and described
gaze following as a process of estimating pupil angles
and the corresponding gaze vectors (Prein, Maurits, et al.,
2024). Bohn, Prein, et al. (2024) found clear support for
this model in every community studied, suggesting that
children all over the world process gaze in a similar way.
Alternative theories on gaze following exist but have not
been cross-culturally validated to date. Doherty et al.
(2015) proposed two separate gaze-processing systems
based on luminance versus geometric cues. Other theo-
retical accounts assign a central role to reinforcement
learning (Corkum & Moore, 1998; Ishikawa et al., 2020;
Silverstein et al., 2021; Triesch et al., 2006) or self-other
equivalence (“like me”; Meltzoff, 2005, 2007).

Schilbach et al. (2013) pointed out that witnessing
social interactions as an observer undoubtedly differs
from actively participating in social interactions. First
evidence suggests that TANGO-CC indeed taps into
social cognition as used in real life: Prein, Maurits, et al.
(2024) found that children’s perspective-taking abilities
in a personal social interaction were linked to perfor-
mance on TANGO but less so to a matched, non-social-
vector-following task. However, this study exclusively
relied on a German sample, and future research should
investigate whether the relationship between TANGO-
CC and perspective-taking abilities holds across
communities.

We have reported reliability estimates for each com-
munity by calculating internal consistency. Ideally, we
would have additionally evaluated the task’s test-retest
reliability in each community and checked for
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relationships with theoretically related constructs to
assess validity. Unfortunately, this might not always be
feasible in large-scale cross-cultural studies because of
organizational and financial constraints. An example of
assessing TANGO'’s predictive validity is a study con-
ducted in Leipzig, Germany, which used TANGO to
predict children’s receptive vocabulary 6 months later
(Prein, Kalinke, et al., 2024). Future cross-cultural stud-
ies could investigate TANGO-CC’s predictive validity
and its relationship to other social-cognitive abilities
(e.g., theory of mind, language development) in diverse
communities.

Measurement invariance (i.e., measuring the same
construct across different communities) is often seen as
a requirement for a “fair” cross-cultural comparison: It
is important that any group differences are not the result
of the task unintentionally tapping into different under-
lying constructs. As Kusano et al. (2024) put it, “The
research challenge is to achieve a balance between
ensuring methodological ‘fairness’ at the individual level
while also recognizing and capturing genuine sociocul-
tural variability” (p. 34). We argue that TANGO-CC mea-
sures a fundamental social-cognitive ability that is likely
similar across communities. Selcuk et al. (2023) pointed
out that researchers should study both within- and
between-cultures variability in the development of social
cognition because sometimes within-cultures differences
exceed between-cultures differences. Indeed, we found
that within-groups variability was greater than between-
groups variability. Although we believe that TANGO-CC
can be used to compare mean differences across com-
munities, we would recommend using it to study indi-
vidual differences within communities.

For years, researchers have called for more diverse
sampling and culturally valid measures of cognitive
development (Matsumoto & Yoo, 2006; e.g., Mehta et al.,
2011; Nielsen et al., 2017). As Hajduk et al. (2020) said,
“Using large samples and multisite approaches will align
with efforts to improve reproducibility [replicability] and
will clarify both the type and extent of cultural influences
on social cognition” (p. 463). Likewise, Elson et al. (2023)
called for standardized, psychometrically evaluated mea-
sures that can be reused by other researchers to “build
a cumulative evidence base in psychology” (p. 2). This
underlines how efforts to improve replicability can be
combined with the goal of increasing the generalizability
of psychological research findings (Li et al., 2024; Syed,
2021). Li et al. (2024) argued that replicable and gener-
alizable results rely on stimulus sets with slight variations,
more diverse samples, and data collection at a greater
scale, which are indeed all steps TANGO-CC has taken.
Openly sharing TANGO-CC’s materials will allow other
researchers to (hopefully) replicate the results and
deepen the cumulative understanding of social-cognitive
development across diverse communities.

Conclusion

TANGO-CC captures individual differences in social-
cognitive development across diverse communities. The
task’s customizability, minimal language demands, and
efficient data-collection method make it a valuable tool
for cross-cultural research. The task showed satisfactory
to high reliability (internal consistency) in a large data
set including 17 diverse communities on five continents.
We hope that TANGO-CC—and its pragmatic construc-
tion process—will provide a roadmap for future cross-
cultural studies on cognitive development.
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Notes

1. Please note that TANGO-CC measures imprecision in gaze fol-
lowing. Therefore, a negative sign indicates that children showed
less imprecision (i.e., were more precise) in the training trials
than in the test trials.

2. Note that for scale reliability and Cronbach’s a, values of .7
to .8 have been suggested to be acceptable (Field et al., 2012;
Kline, 1999). However, Kline (1999) suggested that values below
.7 could be realistic for psychological constructs because of their
variable nature.
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