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ABSTRACT

Infants show a preference for infant-directed speech (IDS) over adult-directed speech (ADS). This preference has been linked
to infants’ language processing and word learning in experimental settings, and also correlates with later language outcomes.
Recently, the cross-cultural consistency of infants’ IDS preference has been confirmed by large-scale, multisite replication studies,
but conclusions from these studies were primarily based on participants from North America and Europe. The current study
addressed this sampling bias via a large-scale, multisite study of infants (3-15 months) across communities in Africa. We
investigated whether participants showed a preference for IDS over ADS, and if so, whether the magnitude of their preference
differs from effects documented in other populations of infants. Across six sites (total N = 200), we observed a preference for IDS
over ADS (Bips vs. ans = 0.06), suggesting that infants look on average 6% longer on the IDS trials than the ADS trials. There was no
significant difference between African infants in this study and a method-matched subsample of infants from prior studies of IDS
preference. This study provides new evidence on the generalizability of IDS preference and looking-time methods more broadly,
while also highlighting some of the challenges of global big team science.
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Summary

* This study demonstrates a reliable infant-directed speech
preference among African infants aged 3-15 months using
a large-scale, multisite experimental design.

* Our findings showed no significant difference in IDS pref-
erence magnitude between African infants and method-
matched samples from prior North American and Euro-
pean MBI studies.

* Our study provides evidence for the cross-cultural gen-
eralizability of IDS preference while identifying practical
challenges of conducting international multisite develop-
mental research.

1 | Introduction

Adults often speak to infants differently than to other adults,
using a speech register known as infant-directed speech (IDS).
IDS tends to have exaggerated prosodic characteristics, including
higher pitch, greater pitch variation, longer pauses, simplified
grammatical structure, and shorter and slower utterances as
compared to adult-directed speech (ADS; e.g., Fernald et al. 1989;
Trainor and Desjardins 2002). Even very young infants from a
variety of language backgrounds have a preference for listening to
IDS over ADS (Cooper et al. 1997; Cooper and Aslin 1994; Fernald
1985; Hayashi et al. 2001; Kitamura and Lam 2009; Newman and
Hussain 2006; Pegg et al. 1992; Santesso et al. 2007; Singh et al.
2002; Werker and McLeod 1989). Infants’ preference for IDS over
ADS has also been demonstrated in a meta-analysis; across 34
studies, IDS preference had a fairly large average effect size with
a value of Cohen’s d = 0.72 (Dunst et al. 2012).

Why do infants prefer IDS? Perhaps IDS is intrinsically salient
to infants because of its perceptual characteristics (e.g., higher
pitch, greater pitch variability). Or perhaps, as infants are exposed
to IDS, familiarity leads to preference. These explanations have
different developmental predictions: while the intrinsic view
would suggest an early preference (e.g., Cooper and Aslin 1990),
the exposure account would predict developmental increases
in preference. Further, these explanations are not mutually
exclusive: infants’ early preference for IDS may motivate their
parents to use more IDS, which in turn could lead infants to
show a stronger IDS preference. Regardless of its origins, infants’
preference for IDS may benefit their early language development.
For example, in experimental studies, infants can segment words
better in fluent speech produced in IDS than ADS (Thiessen et al.
2005), show better recognition of words introduced in IDS after a
24-h delay (Singh et al. 2009), and more successfully learn words
from IDS than ADS (Graf Estes and Hurley 2013).

Further evidence comes from correlational studies, which have
found that the amount of IDS in the language environment
is positively related to children’s language outcomes, such as
vocabulary size (e.g., Ramirez-Esparza et al. 2014; Shneidman
and Goldin-Meadow 2012; Shneidman et al. 2013; but cf., Casillas
et al. (2020); Casillas, Brown, & Levinson 2021, who found
similar timing of language development milestones even in a
population that hears very limited IDS). Together, this work

suggests that infants’ preference for IDS over ADS may support
their language development, which explains why infants’ IDS
preference continues to be an important topic in the literature on
early childhood.

However, it is important to note that almost all prior studies,
including the meta-analysis by Dunst et al. (2012) have included
mainly infants learning English in Western, educated, industri-
alized, rich, and democratic (WEIRD) societies (Henrich et al.
2010), with only a few studies extended to non-Western infant
populations learning languages other than English (Hayashi et al.
2001; Werker et al. 1994). As such, there is a large sampling bias
in the existing data about infants’ preference for IDS, as in many
other research topics in developmental psychology (see Nielsen
et al. 2017). This sampling bias is a problem for generalizing
findings about infants’ IDS preference to infants growing up in
different cultures and learning different languages. In light of
this generalizability issue — as well as the recent replication crisis
in psychology (e.g., Open Science Collaboration 2015) - infant
researchers have begun to collaborate on large-scale, multi-site
studies to replicate key developmental findings (Frank et al. 2017).

One of these multi-site projects investigated infants’ preference
for IDS over ADS: the ManyBabiesl study (MB1; ManyBabies
Consortium 2020). MBI collected monolingual data from 67
laboratories, with a total sample of 2329 monolingual infants 3-15
months old. The protocol for this experiment was simple: infants
listened to alternating audio clips of IDS and ADS while viewing
an uninformative visual stimulus (a colored checkerboard). Their
looking time (LT) was measured over the course of up to 16 trials,
18s each in length (8 IDS and 8 ADS). Notably, all participants
in the study listened to stimuli that were constructed from
naturalistic speech by North American mothers (speaking either
to another adult or to their own infant). The mismatch between
the stimuli and the native language of many infants in the
study allowed inferences about native language effects and also
minimized variability due to differences in the stimuli (a follow-
up project now in progress seeks to measure native-language
preferences in a subset of MBI labs). Overall, older infants showed
a stronger preference for IDS than younger infants. There was
also an effect of infants’ language backgrounds: North American
infants exhibited a stronger IDS preference than infants who were
not exposed to North American English (NAE). Although infants’
ages and language backgrounds affected the magnitude of IDS
preference, essentially all groups of infants preferred NAE IDS
over ADS.

Despite the breadth of its sample relative to previous work, the
MBI study still constitutes a biased sample of infant populations
in the world. Most of the data in MB1 were contributed by labora-
tories in economically-advantaged areas, accessing relatively high
socio-economic status participant populations. Further, although
this large-scale study had a diverse sample from 17 countries, 60
out of the 67 participating laboratories were in Europe and North
America, only a handful of laboratories were in Australia and
Asia, and none were in Africa or South America. Thus, the sample
studied in MB1 came almost exclusively from Western, educated,
affluent populations who heard Indo-European languages, limit-
ing the generalizability of the findings to infants growing up in
other cultural and linguistic contexts. This lack of evidence on
generalizability of a key finding about infants’ preference restricts
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TABLE 1 | Testlocations, participant ages, and languages by country.

Country Test location Target age Test language(s)
Ghana University of Ghana, Accra 3-9 months Akan, Ga, Ewe
Kenya Nanyuki 9-15 months Kikuyu, Kiswahili, English
Malawi University of Malawi — Chancellor College, Zomba 6-15 months Chichewa, English, or both
Nigeria University of Jos, Plateau 3-15 months Hausa, English, Birom, Ngas
Rwanda Kigali 6-15 months Kinyarwanda
Senegal Dakar 3-15 months French, Wolof

South Africa Pretoria 3-15 months Setswana, Xitsonga
Uganda Makerere University, Kampala 3-15 months Luganda, English

our ability to build robust developmental theories of language
learning across cultural contexts. Our current study takes a step
towards addressing this gap.

We investigate whether infants growing up in a variety of
African cultures show an IDS preference, using the paradigm
developed by the MBI study. Our study has both a theoretical
goal and a practical goal. Theoretically, we are interested in
whether IDS preference is a culturally and linguistically invariant
developmental pattern (Nielsen et al. 2017). The inclusion of
infants across many African cultures (who are acquiring many
different languages, see Table 1) provides an important test of
generalizability of the IDS preference. Practically, increasing
sample diversity also promotes diversity among researchers
engaged in developmental science and hopefully increases
exchanges between researchers across cultures. Thus, one goal
of our study is building research networks to facilitate fur-
ther studies with the communities represented in the current
study.

Our study builds on a foundation of prior descriptive work
investigating the generality of IDS across cultures. Although
this work has investigated a variety of different cultures and
languages, it can be (and often is) crudely summarized via the
distinction between WEIRD and non-WEIRD cultures discussed
above. We follow this convention here without endorsing this
distinction as necessarily being meaningful in the context of our
study, as IDS in WEIRD and non-WEIRD cultures shares similar
prosodic properties. For example, (Broesch and Bryant 2015)
reported that IDS produced by North-American mothers, as well
as by Kenyan and Fijian mothers, is produced with higher pitch,
greater pitch variation, and is spoken at a slower rate than ADS.
This finding is consistent with past work reporting that IDS shares
some common exaggerated prosodic features (e.g., higher pitch,
larger pitch variation) across diverse languages, which include
French, Italian, German, Japanese, British English, American
English (Fernald et al. 1989), Mandarin Chinese (Grieser and
Kuhl 1988), Thai, Australian English (Kitamura et al. 2001),
Arabic (Farran et al. 2016).

IDS can also be recognized as being infant-directed by listeners
from non-WEIRD cultures. Bryant et al. (2012) reported that
Turkana adults in Kenya can discriminate between NAE IDS and
ADS (see similar results in Bryant and Barrett 2007 for Shuar
hunter horticulturists from Amazonian Ecuador). These studies

are consistent with findings from the MB1 studies showing that
children who are not learning NAE, including children from
Singapore and Korea, nonetheless show a preference for NAE IDS
over ADS. Taken together, the common acoustic properties of IDS
across different languages, and how NAE IDS can be recognized
by non-native participants, raise the possibility of infants’ IDS
preference over ADS being quite consistent across different
cultures and languages. However, it is possible that the strength
of this preference would nonetheless be influenced by similarity
between the test language (English) and the language(s) that each
infant is learning, which could bolster the measured preferences
to the extent that test and native language are similar (as in
the case of infants learning other Indo-European languages with
similar phonetic and acoustic properties). If this is the case,
we expect that phylogenetic similarity between Indo-European
languages and our stimuli would lead to comparable or stronger
observed IDS preferences in samples of infants learning Indo-
European languages than those learning languages in other
families (e.g., Bantu, the language family we expect to be most
prevalent in our sample).

Despite evidence for general recognition of and preference for
IDS across cultures, the strength of IDS preferences is likely
modulated by exposure. Exposure to IDS in the home environ-
ment varies widely both within and between cultures (Casillas
et al. 2020, Casillas et al. 2021; Cristia et al. 2019; LeVine
1994; Shneidman and Goldin-Meadow 2012; Vogt et al. 2015).
Differences in IDS quantity have also been hypothesized to
reflect differences in child-rearing practices across cultures. For
example, direct verbal interaction between parents and infants
can be rare in some societies (Heath 1983; LeVine 1994; LeVine
and LeVine 2016; Shneidman and Goldin-Meadow 2012; Weber
et al. 2017). Children in these societies — which are typically
non-WEIRD, though certainly not all non-WEIRD societies can
be characterized this way - are often expected to learn through
observation and participation according to their skill levels (see
Legare 2019, for a review). Thus, infants and young children in
such societies may hear less IDS directly from their caregivers
than those in WEIRD societies in which the norm involves a
greater degree of direct address to parents. Of course, variation
is also present within as well as across cultures. Within-culture
variation has primarily been studied in North American contexts,
where children from higher socioeconomic status (SES) families
tend to hear more IDS than children from lower SES families (e.g.,
Hart and Risley 1995; Hoff 2006; Huttenlocher et al. 2010; Rowe
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2012; Shneidman and Goldin-Meadow 2012; Weisleder & Fernald,
2013).

By virtue of our broad sample of African cultures, we expect
that our study can capture substantial cultural variation in the
average amount of IDS in children’s environments. The African
sites we sample vary widely in their degree of urbanization, their
culture, their parenting values, and the average resources avail-
able in children’s home environments - all of which have been
argued to be meaningful dimensions governing children’s early
linguistic environment. For example, Keller (2012) suggested
three prototypical cultural environments for children based on
the degree of urbanization of the families in Western and non-
Western societies. In this framework, in Western middle-class
urban societies, highly educated parents generally aim to help
children develop individual psychological autonomy. In contrast,
in non-Western rural subsistence-based societies, parents gener-
ally aim to help children develop communal action autonomy,
so that children have a strong sense of social responsibility and
can contribute to the economic functioning of the family (e.g.,
farming). Importantly, non-Western middle-class urban societies
are a hybrid of non-Western, rural and Western, urban societies,
where parents generally want their children to develop more
individual autonomy but also emphasize the importance of social
responsibility in a large family. Broadly speaking, African families
are from the non-Western, urban and non-Western, rural groups
in this taxonomy (see Table 1).

The confirmatory analyses of our study are designed to test
whether there are differences in the magnitude of IDS preferences
measured in this sample and in the prior samples of MBI.
Although the average IDS production in the African sites we
examine is unknown, consistent differences along this dimension
might plausibly lead to variation in the magnitude of IDS
preferences between our current study and MBI. In addition, our
exploratory analyses attempt to understand whether variation in
IDS preference among infants in our sample of African cultures is
explained by demographic proxies related to this taxonomy (e.g.,
urbanization and/or socioeconomic status).

Since multilingualism is common in Africa (e.g., Posel and Zeller
2016; Rosenhouse and Goral 2004), many African children begin
learning two or more different languages during infancy. Does
early multilingualism alter infants’ preferences for IDS? The
ManyBabiesl-Bilingual (MBI1B) study provides some evidence
that bilingual infants showed a similar preference for NAE
IDS when compared to monolingual infants (Byers-Heinlein
et al. 2021). MBIB examined bilingual infants’ preference for
NAE IDS at 6-9 months and 12-15 months and found that
bilingual and monolingual infants did not differ in terms of the
magnitude of their IDS preferences. MB1B also found similar
results to MBI, that older bilingual infants and those bilinguals
with higher exposure to NAE show stronger IDS preference.
However, as in the MBI study, data collected in MB1B mainly
came from laboratories in WEIRD areas, such as North America
and Europe, with no laboratories from Africa, so the same caveats
of generalizability apply to MB1B as to MB1. Thus, in the current
study, we included both monolingual and multilingual infants,
allowing us to assess the generalizability of MB1B’s conclusions
to our samples in Africa.

@®| Dakar, Senegal
)

Kampala, Uganda

L Nanyuki, Kenya
Kigali, Rwanda

Zomba, Malawi

Pretoria, South Africa

FIGURE 1 | Map shows the location of the eight participating labs.

In sum, there are three primary (confirmatory) goals for the
current study. First, we aim to measure infants’ preference for
North-American English IDS across a range of cultural and
linguistic contexts in Africa. Second, we seek to measure develop-
mental changes in this preference. As we found that older infants
show stronger IDS preferences than younger infants in both MB1
and MBIB, we evaluate whether participants in our study show
the same developmental increases in IDS preference. Finally,
we investigate whether there are differences in IDS preferences
between infants in Africa in our study and those in Europe and
Asia in MB1 and MB1B. As an exploratory aim, we also examine
relationships between parents’ demographics, their responses to
survey items regarding subjective use of IDS, and their child’s
IDS preference.

2 | Methods

All deviations from the preregistration in the Stage 1 Registered
Report are given in Appendix A.

2.1 | Participation Details
2.1.1 | Time-Frame

On July 23, 2018, we issued an open call for participation by
African researchers via listservs and social/professional net-
works. Prior to submission, 11 labs committed to data collection,
but some labs were unable to collect data, in part due to changing
professional obligations and delays due to Covid-19 closures.
We received data from 8 labs (See Table 1 for target sample
characteristics of each site; Figure 1 for the location of the lab).
Our participating laboratories would recruit infants living in
eastern (e.g., Kenya), western (e.g., Senegal) and southern (e.g.,
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South Africa) regions of Africa. Because many of our participating
laboratories are located in East Africa, East African participants
are disproportionately represented in our sample. Data collection
began September 21, 2021. We initially anticipated finishing data
collection a year later, but labs encountered a wide variety
of unforeseen circumstances due to the COVID-19 pandemic,
challenges with receiving IRB approval, and equipment and
staffing issues. Thus, data collection was extended through 2023.
Unfortunately, due to experimental setup issues, data from two
labs were not analyzable, leading to a final sample of 6 datasets.
In both excluded datasets, LTs were not recorded: this was due
to a software bug in one lab and experimenter error in the
other.

2.1.2 | Age Distribution

Each participating laboratory was asked to recruit participants in
two age bins: 3;0 - 9;0 and 9;1 - 15;0 months. Similar to MB1, each
laboratory was asked to collect data spanning the age bin window,
but aiming for the mean of the age bin.

2.1.3 | Sample Size Determination

We estimated the effect size of infants’ IDS preference on the
basis of the data from MB1. We used data from laboratories in
MBI that used the single-screen central visual-fixation prefer-
ence procedure (which we also use here: see below) and that
tested infants with no exposure to North American English
(similar to our population of interest). In a mixed-effects model,
we examined the effect of test trial type (IDS versus ADS)
on infants’ LT (log-transformed seconds), while controlling for
normally-distributed random intercepts by infant and laboratory.
The intercept, representing infants’ average log-LT across ADS
trials, was 1.91; the variances of the random intercepts were
0.074 and 0.022 at the infant and laboratory levels respec-
tively. The fixed-effect coefficient representing infants’ preference
for IDS over ADS was 0.080 and the residual variance was
0.33.

In the first power analysis, we simulated datasets based on
the above coefficient estimates and variances. Using the simr
package in R (Green & MacLeod, 2016), we ran a power analysis
for a mixed-effect analysis with the above-mentioned simulated
datasets (number of simulations = 1000). We were uncertain
exactly how many labs to assume but settled on 10, given the
likelihood of some later signups as well as some lab attrition.
Assuming that we had 240 infants across 10 laboratories in each
simulated dataset and an alpha level of 0.05, we found that the
average power was 99.40% [95% confidence interval: 98.70%-
99.78%] to detect the fixed ADS versus IDS coefficient of 0.08.
This first power analysis was based on very small random-effect
variances estimated from MB1 and MBI1B datasets. Given that
most of the laboratories that participated in MB1 and MB1B
had more resources and more extensive experience in running
infancy studies in comparison to the participating laboratories
in Africa, we planned for potentially higher variances in the
data collected in the current project. Thus, we ran a conservative
second power analysis by doubling the values of the random

intercept and residual variances reported in the datasets from
MBI and MBIB, while holding constant the intercept and the
fixed-effect coefficient representing infants’ preference for IDS
over ADS. With larger variances, the average power estimate
dropped to 87.20% [95% confidence interval: 84.97%-89.21%] for
a total sample of 240 infants. The power analysis can be found at
https://osf.io/jgr79.

Given that MBI reported around 15% data excluded in the final
analysis, we expect the exclusion rate for our project is around
15%-20%. Thus, each laboratory agreed to contribute a minimum
of 32 infants (16 infants in each age bin), including infants tested
but excluded for reasons not related to the demographic and
age inclusion criteria (e.g., fussiness). Further, we encouraged
each laboratory to contribute additional data beyond that min-
imum. We propose that our projected sample size of 352 would
have sufficient power, as 80% of this sample size exceeds our
targeted final sample size (n = 240) based on the power analysis
described above.

2.1.4 | Ethics

All laboratories collected data under their own independent
IRB protocol. Videos of individual infant participants during
the experiment were recorded and stored at each laboratory.
However, these videos were not shared with the central data
analysis team. Laboratories were instead asked to only submit
de-identified data for central data analyses.

2.2 | Exclusion Criteria

All data collected for the study (i.e., every infant for whom
a data file was generated, regardless of how many trials were
completed) were uploaded to a central database for data analysis.
Every laboratory followed the protocol to report any infants
who were tested in this study, including those who were
excluded from the analysis. Furthermore, each laboratory fol-
lowed the protocol to make note of the reasons that infants
were excluded from the study. A total of 274 infants were
tested in this study, and 74 infants were excluded from the
final analysis.

Typically, participants were only included in the analysis if
they met all of the criteria below. However, we allowed par-
ents to choose not to answer some of the questions (e.g.,
about full-term gestation and developmental disorders) because
disclosures might violate cultural norms in some areas of
Africa. Thus, participating laboratories may have included
infants who did not fully meet the inclusion criteria defined
here

2.2.1 | Full-Term

We defined full term as gestation times greater than or equal to
37 weeks. 11 (4.01%) of infants tested did not meet this criterion,
and were excluded from further analysis. To maximize parents’
comfort in participating in the experiment, they were given the
option of not responding to questions about gestation.
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https://osf.io/jgr79

2.2.2 | No Developmental Disorders or Hearing Loss

We excluded infants with parent-reported developmental disor-
ders (e.g., chromosomal abnormalities, etc.) or diagnosed hearing
impairments. Developmental disorders and delays are stigma-
tized in some cultures in Africa (e.g., negative attitudes towards
children with disorders or delays), therefore some parents may
decline to answer the question about children’s developmental
disorders. In this case, we still tested the infants and included the
infants’ data in the analysis. This inclusion criterion was chosen
to allow us to retain as much data as possible while ensuring our
questionnaire accommodates cultural norms. Further, we noted
that only 2 participants (i.e., less than 0.1%) in MB1 were excluded
based on parents’ report of developmental disorders. Accordingly,
we did not expect that including children whose parents declined
to answer this question would lead to an inclusion of large
numbers of children with developmental disorders that could
potentially skew the results in the study. In the tested sample, 4
(1.46%) of the infants tested were excluded based on this criterion.
(We did not plan exclusions based on self-reported ear infections
unless parents reported medically-confirmed hearing loss.)

2.2.3 | Trial-Level and Session-Level Errors

Following MB1 and MBIB, we adopted a relatively liberal inclu-
sion criterion for this study. To be included in the study, a child
must have contributed non-zero LT on at least one pair of test
trials (i.e., one trial each of IDS and ADS from a particular
stimulus pair). We asked laboratories to identify two different
types of errors when uploading their data: trial-level errors
and session-level errors. Trial-level exclusions were based on
whether we could use infants’ data from a particular test trial. For
example, if an infant only completed the first six test trials of the
experiment, we entered this infant’s data from the first six trials
and discarded data from all other trials. In this case, laboratories
would identify this infant’s data from the first to sixth trials as “no
trial errors” and any trials from the seventh trial onwards would
be identified as “trial errors”. In contrast, session-level errors
were errors that occurred when running a particular participant.
This type of error is different from the trial-level error exclusions
because it indicates that errors occurred which affected an entire
session (e.g., failure to save data in the experiment). If a laboratory
indicated a session-level error for a particular infant, all data from
this infant was excluded from the analysis. In sum, infants who
can contribute at least one pair of test trials (i.e., one IDS trial
and one ADS trial) would have some data excluded at the trial
level whereas infants who cannot contribute one pair of test trials
would be excluded at the session level. In general, errors included
the following: equipment error (e.g., no sound or visuals on the
first pair of trials), experimenter error (e.g., an experimenter was
unblinded in setups where infant looking was measured by live
button press), or evidence of parent interference or other types
of interference (e.g., talking or pointing by parents, construction
noise, sibling pounding on door), and infants being uncooperative
or fussy (e.g., crying, not willing to do the experiment).

Overall, at the trial level, 18 trials (0.39% of all trials) were
excluded; relatively few trials were marked by labs as hav-
ing errors. Due to experimental setup errors, data from two
sites were unusable, leading to the exclusion of 60 infants

(21.90% of all tested participants). No additional test sessions
were excluded. Note: exclusion categories were not mutually
exclusive.

2.3 | Participants
2.3.1 | Final Sample

Our final sample included 200 infants (see Table 2 for more
specific sample demographic information) from 6 laboratories
(mean sample size per laboratory: 33.33, SD: 5.16, range: 27—
41). The mean age of infants included in the study was 10.00
months (range: 2.33-19.9). Similar to MBI, each laboratory was
asked to collect data spanning the two target age ranges (3;0-
9;0 and 9;1-15;0 months); however, in practice, many laboratories
recruited participants outside the intended windows (younger
than 3-month-old: N = 4; older than 15-month-old: N = 16). We
did not exclude these infants from our analyses. See Figure 2 for a
distribution of the age of the included participants in each site. An
additional 60 infants were tested but excluded (see the full details
on exclusions above).

As mentioned in the Introduction, multilingualism is common
in Africa. Thus, many infants in the final sample are likely
to have been exposed to more than one language. To assess
infants’ language backgrounds, each laboratory completed a
family questionnaire with the participating parents (see materials
in linked repository: https://osf.io/jgr79/). Our family language
background questionnaire was created based on the family
language background questionnaire in the MB1 and MBI1B
studies, and included questions asking parents to estimate the
number of hours that their infants heard different languages.
We calculated the percentage of time that infants were exposed
to a given language as the number of hours they hear that
language (per day) divided by the total number of hours the infant
hears any language each day. This method is simpler than the
traditional interview method used in assessing bilingual infants’
language exposure (Byers-Heinlein et al., 2019), but in order to
minimize the burden on participating laboratories and families,
we decided to use a short questionnaire method to assess infants’
language backgrounds.

In this paper, we define bilingualism following the criteria
established in MBI1B (Byers-Heinlein et al. 2021). Monolingual
infants are defined as those who have a minimum of 90%
exposure to one language. Simultaneous bilingual infants are
defined using the following criteria: (i) infants are regularly
exposed to two or more languages beginning within the first
month of life; (ii) they have a minimum of 25% exposure to
each of their languages. In other words, bilingual infants are
exposed to two languages between 25% and 75% of their time.
Based on these criteria, it is possible that bilingual infants in
our paper were exposed to multiple languages. For example, an
infant with 45% English, 45% French, and 10% Spanish exposure
would be regarded as a bilingual infant. Infants who did not
meet the bilingual or monolingual criteria were designated as
“other language background.” All infants were included in the
main, confirmatory analyses regardless of language background.
Language background groupings were treated as a covariate in
the analyses.
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TABLE 2 | Final sample’s demographics and language background by country.

Country N Mean age (SD) Sex Language background
Ghana 32 8.66 (3.72) F:17; M: 15 Monolingual: 3; Bilingual: 8; Other: 21
Kenya 27 11.14 (2.88) F:15; M: 12 Monolingual: 17; Bilingual: 5; Other: 5
Malawi 38 8.82 (4.10) Unknown Monolingual: 36; Other: 2
Rwanda 31 9.83(4.23) F:16; M: 15 Monolingual: 31
South Africa 31 9.00 (3.71) F:16; M: 14; Unknown: 1 Monolingual: 23; Other: 3; Unknown: 5
Uganda 41 12.27 (2.17) F:21; M: 20 Unknown

Note: Mean age in months.

Ghana | | Kenya | | Malawi
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FIGURE 2 | Histograms of the age distribution in each lab. X-axis represents the age in months.

Based on the above-mentioned criteria, 87 infants were classified
as monolingual infants, 13 infants were classified as bilingual
infants, and 28 infants were classified as other. The remaining 72
infants’ language background was unknown.

2.4 | Materials

Visual stimuli. All visual stimuli were the same as those used in
the MBI study. We used a brightly colored static checkerboard
as the fixation stimulus, and an animation with shrinking
concentric multi-colored circles to ensure infants were attending
to the screen at the start of each trial. All of the stimuli can be
found at https://osf.io/wh7md/.

Auditory stimuli. All auditory stimuli were identical to those used
in the MBI study. The stimuli were recordings of North-American

English mothers either speaking with experimenters (ADS) or
with their infants whose ages ranged from 4.01 to 8.22 months in
a laboratory setting. Mothers were provided with a set of objects
and were asked to talk about the objects with the experimenters
and their infants in separate recording sessions. In total, two sets
of auditory stimuli were created: one set consisted of 8 IDS stimuli
and the other set consisted of 8 ADS stimuli. Each stimulus lasted
for 18 s. The details of stimulus creation can be found in the report
of MBI (ManyBabies Consortium 2020).

Volume. Each laboratory measured stimulus volume level using
a smartphone app (e.g., the Android app “Sound Meter”). Labs
were instructed to keep the stimulus volume close to 63-65 dB
SPL using a free decibel meter smartphone app. According to
the protocol, labs would measure and report the background
noise level and the stimulus level. However, this information was
not collected.
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2.5 | Procedure

Apparatus. Each laboratory used a laptop computer that had the
experiment programmed in Habit 2.26 (Oakes, Sperka, DeBolt
& Cantrell, 2019). Moreover, each laboratory used a computer
monitor to present the visual stimuli, a speaker for audio stimuli,
a webcam for the experimenter to observe and record infants’
performance, curtains/room dividers that separated the experi-
menter from the infant and parent during the experiment, and
two sets of headphones: one for the experimenter and one for
the parent.

Experimental procedure. The procedure was identical to the
single-screen central visual fixation preference procedure
reported in the MB1 study (ManyBabies Consortium 2020).
Using the single-screen central fixation method, researchers
measured in real time the duration of infants’ LT to the computer
monitor while they listened to the audio recordings. Infants’ LT
to the computer monitor indicated their preference for the audio
recordings (i.e., IDS/ADS). Each laboratory followed procedural
instructions closely (based on pre-recorded videos illustrating
the procedures, which were shared with all participating
laboratories) to maintain the consistency of the experimental
procedure across laboratories.

The experimenter explained the study to the parent and obtained
consent from the parent before running the experiment. After
completing the consent form, the experimenter led the par-
ticipant to the testing room. To minimize distraction, the
experimenter was separated from the infant and parent by
curtains or a room divider. During the experiment, the infant
sat on the parent’s lap. To minimize any bias introduced
by the experimenter or parent hearing the stimuli, each of
them wore headphones and heard masking music during the
experiment.

Parents were instructed not to speak to the infant during the
experiment and not to point to the screen. Infants’ performance
was recorded by a webcam that was placed in front of and
below the computer monitor. Infants’ LT to each trial was
measured online by the experimenter, who observed the infant’s
behavior via the webcam. At the beginning of each trial, a short
video of a colorful circle was presented to orient the infant’s
attention to the screen. Once the infant fixated on the screen,
the experimenter started the trial. The first two trials of the
session were warm-up trials that accustomed infants with the
procedure of the experiment, so the infant’s LT during warm-up
trials was not analyzed. The auditory stimuli for the warm-up
trials was piano music that lasted 18 s on each trial and the
visual stimulus was the same as in the test trials (i.e., a colorful
checkerboard). After the first two warm-up trials, the infant was
tested with 16 trials presenting the IDS and ADS stimuli. Each
infant was randomly assigned to one of four pseudo-random
orders to counterbalance the order of presentation of IDS and
ADS stimuli. Within each order, there were four blocks and each
block presented 2 IDS and 2 ADS trials in alternating order. The
presentation of the trials within each block were counterbalanced
such that two blocks started with an IDS trial, and the other
two blocks started with an ADS trial. On each trial, the auditory
stimulus would continue to play until the infant looked away for
2 consecutive seconds or reached the maximum length of the

auditory stimulus (18 s). Experimenters used the Habit program to
record all LT for every trial. There was no minimum LT per trial
that was required for continuation of the experiment. However,
as in the MBI study, any LT that was less than 2 s was not
analyzed. We excluded 335 (11.46%) trials that had less than 2 s
LT in total.

After the main LT task, the parents answered questions from
the experimenter about participant and family demographic
information, such as infant sex, date of birth, language exposure,
and preterm/full term status. The questionnaire was translated
into the appropriate language(s) for participants from each data
collection site. See the project’s OSF repository for the English
template and adaptations: https://osf.io/jgr79.

2.6 | General Lab Practices
2.6.1 | Training of the Experimenters

Three of the authors conducted a 2-day training workshop in
Nairobi, Kenya on January 28 - 29, 2020, which was attended
by lead researchers from 8 of the participating laboratories.
The training session provided an overview of the experimental
procedure, advice on setting up the apparatus at the researcher’s
institution, and training, instructions and guidelines for running
the experiment. Further, the first author sent instructions for
experiment set-up and the workshop materials to all participating
laboratories, and kept close contact with all lead researchers in
the participating laboratories to provide technical support for
the experiment.

2.6.2 | Training of Research Assistants

Each laboratory was responsible for maintaining good exper-
imenter training practices. We extended an invitation for the
training workshop to one research assistant in each laboratory,
so that the researcher primarily responsible for data collection
could receive training directly as well. Following the MBI study,
each laboratory reported on which research assistant ran each
infant using pseudonyms or numerical codes. After data collec-
tion, each laboratory completed a questionnaire regarding their
training practices, the experience and academic status of each
experimenter, and their basic participant greeting practices.

3 | Results
3.1 | Confirmatory Analyses

Data processing and analytic framework. Our primary dependent
variable of interest was infants’ LT. Infants’ LT was defined as time
spent fixating on the computer screen during test trials. We did
not count LT when infants looked away from the screen, though
the trial was discontinued if an infant looked away and did not
look back to the screen within 2 s. Following MBI and MBIB,
we log-transformed looking times prior to statistical analysis
(Csibra et al. 2016). We made this decision because we wanted
to compare the data of the current study with those in MBI
and MBIB.
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We tested our research questions via general linear mixed effects
models. We fit all models using a maximal random effects
structure (Barr et al. 2013). Under this approach, we first specified
all random effects that are appropriate for the experimental
design (e.g., IDS/ADS trial type varied within subjects in our
experimental design, thus it can be specified as a random effect
by subject; see below for the full list of effects considered). If
any of these mixed-effects models failed to converge, we used an
iterative pruning strategy: first removing random slopes nested
within subjects, next removing random slopes nested within labs,
and finally removing random intercepts from groupings in the
same order, retaining effects of trial type as these were of greatest
theoretical interest. Following MBI and MB1B, we fit all models
using the Ime4 package with the bobyqa optimizer, version 1.1-
35.3 (Bates et al. 2015) and computed confidence intervals and p
values using the ImerTest package (Kuznetsova et al. 2017).

In addition to the mixed-effect models, we assessed the reliability
of measurement in our study by reporting the reliability of the
infants’ LT difference to the IDS versus ADS stimuli across
different trials. We reported the intraclass correlation coefficient
(ICC) as our reliability measure. The ICC was computed using
the psych package in R (Revelle 2026). We reported an ICC3k
measure, on the basis of a two-way random effects model, a
mean-rating of 8 (i.e., we had 8 pairs of IDS and ADS trials) and
consistency agreement (Koo and Li 2016; Parsons et al. 2019). The
estimated ICC was 0.18, 95% CI [0.00, 0.34]. This relatively low
value is consistent with previous work showing limited test-retest
reliability in IDS studies (Schreiner et al. 2024).

Below is a description of variables in our mixed-effect models:

* Log_lt: Dependent variable. Log-transformed LT in seconds.

* Trial_type: a dummy coded variable with two levels: ADS
(reference) and IDS. A positive coefficient means that infants
look longer to IDS trials compared to ADS trials.

* Age_months: a continuous variable measuring the infant’s
age in months (centered).

* Trial_num: An index for the current trial (1-16 for infants who
completed the experiment). Excluded trials were reflected as
missing trial numbers.

* Language_background: this consisted of two dummy coded
variables that represented infants from three different lan-
guage backgrounds: monolinguals (> = 90% exposure to
one’s native language); bilinguals (> = 25% to each of their
languages); other (any infants who were not categorized as
monolinguals or bilinguals). Using monolinguals as the ref-
erence level, the two dummy-coded variables are: (i) bilingual
- infants who were categorized as bilinguals would be coded
as 1 and all other infants would be coded as 0; (ii) Other (any
infants who are not monolinguals or bilinguals) - infants who
were categorized as other would be coded as 1 and all other
infants would be coded as 0. In this case, monolingual infants
would be coded as 0 in the above-mentioned dummy-coded
variables.

* Infant Type: a dummy coded variable with two levels, repre-
senting infants living in Africa in our current study (coded as
1) and infants living in Europe, Australia and Asia who were

not hearing North American English, with data from MB1(B)
(coded as 0).

As a reminder, we examined the following research questions
in our paper: (1) IDS preference: whether infants in our multi-
site African sample showed a preference for IDS and what is
the corresponding effect size of this preference; (2) Age effect:
whether there were changes in the infants’ IDS preference across
different ages; (3) Population comparison: examine whether the
magnitude of infants’ IDS preference in our study differed from
infants in MBI and in MBIB (comparing only infants in these
three samples who were not exposed to North American English).

Research questions 1 and 2: Infants’ IDS preference and age
effect. We addressed our first two research questions using only
the data collected in the current paper from laboratories in Africa.
We specified the following model: log_1t ~
trial_num + age_months + trial_type * trial_num +

trial_type +

age_months * trial_num + age_months * trial_type
+ (trial_type * trial_num | subid) + (trial_type |
lab).

The fixed-effects structure of this model included main effects
of trial type (IDS versus ADS), age, and trial number. This
structure controls for the effects of each independent variable on
infants’ LT (e.g., longer LTs for IDS, shorter LTs on later trials).
In addition, we included several two-way interaction terms:
trial type interacting with trial number to model the possibility
of infants’ faster habituation to ADS, age interacting with the
trial type to model the developmental trajectory of infants’ IDS
preference, and age interacting with trial number to model faster
habituation for older children. The random effects structure of
the model controlled for subject-level and lab-level grouping.
For subject-level grouping, we added random intercepts and
random effects of trial type, trial number, and their interaction
to model the possibility that each infant may have different rates
of habituation for IDS and ADS trials. For lab-level grouping,
we added a random effect trial type to model differences in IDS
preferences across labs.

After pruning for non-convergence, our final model specification
was: log_lt ~ trial_type + trial_num + age_months +
trial_type * trial_num + age_months * trial_num +
age_months * trial_type + (1 | subid) + (1 | lab).

As in MB1 and MBIB, the fixed effect estimate for trial type
corresponds to the predicted IDS preference effect in units of
log LT (research question 1). The fixed effect estimate for the
interaction of trial type and age indicates the estimated age-
related change in IDS preference in log seconds per month
(research question 2).

The model revealed a significant main effect of trial type, such
that infants looked longer at IDS trials than ADS trials (Figures 3,
4, and BI; Table 3; 8 = 0.06 [0.02, 0.10]; SE = 0.02; t = 2.76;
p = 0.01). There was also a significant negative effect of trial
number, indicating that LTs decreased over the course of the
session (8 = —0.03 [-0.04, —0.02]; SE = 0; t = —=9.72; p < 0.01).
Age in months was also a significant predictor, with older infants
showing shorter LTs overall (§ = —0.09 [-0.14, —0.04]; SE =
0.03; t = —3.40; p < 0.01). None of the interaction terms reached
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TABLE 3 | Model estimates for research questions 1 and 2.

Term Estimate [95% CI] Std.error t p
(Intercept) 1.89 [1.66, 2.12] 0.09 21.34 < 0.01
Trial type 0.06 [0.02, 0.10] 0.02 2.76 0.01
Trial number —0.03 [-0.04, —0.02] 0.00 -9.72 <0.01
Age —0.09 [-0.14, —0.04] 0.03 -3.40 < 0.01
Trial type * Trial number 0.00 [-0.01, 0.01] 0.00 -0.22 0.83
Trial number * Age 0.00 [0.00, 0.01] 0.00 1.60 0.11
Trial type * Age 0.02 [-0.02, 0.06] 0.02 0.94 0.35

Note: The baseline for trial type is adult-directed speech. Trial number is mean-centered. Age is measured in months and standardized.

statistical significance, including the interaction between trial
type and age, suggesting that the magnitude of IDS preference did
not change reliably with age.

Research question 3: Population comparison. In this analysis, we
compare the data collected from the laboratories in Africa to data
collected in MB1 and MBI1B in Germany, Italy, New Zealand,
Turkey, and United Kingdom. We selected the subset of data
from MBI and MBI1B that was collected using central fixation
procedures (to match methods across studies) and from infants
who were not exposed to North American English (non NAE)
(to match stimulus un-familiarity due to language background).
While we could have controlled the methodological and demo-
graphic variables statistically (and hence included all data from
MBI and MB1B in the full model), we believed that the increase in
model complexity — and comparable decrease in interpretability
- outweighed the benefits of this strategy.

We examine whether our sample of infants’ IDS preference
is different from those in MBI and MBI1B with the following
model: log_1lt ~ trial_type + trial_num + age_months
+ infant_type + language_background + trial_type *
trial_num + age_months * trial_num + age_months *
trial_type + trial_type * infant_type + trial_num

* infant_type + trial_type * language_background

+ (trial_type * trial_num | subid) + (trial_type |
lab)

In this mixed-effects model, the fixed effects included main effects
of trial type, language background, age, trial number, infants in
our study/non NAE infants in MB1(B) and language background.
In addition, we included several two-way interaction terms in
the fixed effects structure: (i) trial type interacted with trial
number, modeling the possibility of infants’ faster habituation
to ADS, (ii) age interacted with trial number, modeling faster
habituation for older children, (iii) age interacted with trial type,
modeling the developmental trajectory of infants’ IDS preference,
(iv) trial type interacted with infants in our sample, modeling the
possible difference in IDS preference between infants in Africa
and infants tested in MB1 and MBIB, (v) trial num interacted
with infants in our sample, modeling the possible difference in
habituation between our sample of infants and infants tested
in MBI and MBIB, and (vi) trial type interacted with language
background, modeling the possible difference in IDS preference
from infants with different language backgrounds. We adopted
the same baseline random effects as in the previous model.

After pruning for non-convergence, our final model specification
was: log_lt ™ trial_type + trial_num + age_months
+ infant_type + language_background + trial_type *
trial_num + age_months * trial_num + age_months *
trial_type + trial_type * infant_type + trial_num

* infant_type + trial_type * language_background

+ (1 | subid) + (1 | lab). The fixed effect estimate
corresponding to our research question is the trial_type *
infant_type, which captures differences in measured IDS
preference between the current data and data from MB1/MBI1B
in units of log seconds of LT.

The model revealed no significant difference in IDS prefer-
ence between infants tested in our sample and those tested
in MB1/MBIB, as indicated by the non-significant interaction
between trial type and infant type (Table 4; 8 = 0 [-0.06, 0.06];
SE = 0.03; t = 0.03; p = 0.97). However, there was a significant
simple effect of trial type for the monolingual reference group
(8 = 0.06 [0.04, 0.09]; SE = 0.01; t = 5.13; p < .001), sug-
gesting in combination with the non-significant interaction that
infants in both groups showed a reliable preference to IDS over
ADS.

Consistent with expectations, LTs decreased over the course of the
session (§ = —0.05[—0.05, —0.05]; SE=0; t = —31.08; p < 0.01), and
older infants looked for less time overall (8 = —0.12 [—0.15, —0.09];
SE = 0.01; t = —8.26; p < .001). We also found that older infants
habituated more quickly, as indicated by a significant negative
interaction between age and trial number (8 = 0 [-0.01, 0]; SE
= 0; t = —3.79; p < .001). The interaction between trial number
and infant type was also significant (8 = 0.02 [0.01, 0.03]; SE = 0;
t=6.64; p <.001), indicating that LTs declined more slowly across
trials for infants in our sample compared to those in MB1/MBI1B.
No other interactions reached significance.

3.2 | Exploratory Analyses

SES. Previous research in North America (e.g., Hart and Risley
1995; Hoff 2006; Weisleder and Fernald 2013) has shown that
the quantity and quality of child-directed speech vary across
families with different SES backgrounds. These differences in
language input may drive differences in infants’ preference for
IDS. Thus, we explored how SES affects infants’ preference for
IDS. SES was measured by primary caregiver’s formal educa-
tion (number of years). We entered primary caregiver’s formal
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TABLE 4 | Model estimates for research question 3.

Term Estimate [95% CI|] SE t p
(Intercept) 1.74 [1.62,1.91] 0.06 29.57 < 0.01
Trial type 0.06 [0.04, 0.09] 0.01 513 <0.01
Trial number —0.05 [-0.05, —0.05] 0.00 —31.08 <0.01
Age —0.12 [-0.15, —0.09] 0.01 —8.26 <0.01
Infant type 0.13 [-0.09, 0.36] 011 1.26 0.23
Language background (Bilingual) 0.02[-0.7, 0.12] 0.05 0.42 0.68
Language background (Other) 0.02 [-0.10, 0.14] 0.06 0.35 0.73
Trial type * Trial number 0.00 [-0.01, 0] 0.00 -0.79 0.43
Trial number * Age 0.00 [-0.01, 0.00] 0.00 -3.97 <0.01
Trial type * Age 0.02 [0.00, 0.04] 0.01 1.98 0.05
Trial type * Infant type 0.00 [—0.06, 0.06] 0.03 0.03 0.97
Trial number * Infant type 0.02[0.01, 0.03] 0.00 6.64 <0.01
Trial type * Language background (Bilingual) —0.04 [-0.11, 0.02] 0.03 —-1.46 0.14-0
Trial type * Language background (Other) —0.04 [-0.11, 0.04] 0.04 -0.94 0.35

Note: The baseline for trial type is adult-directed speech (ADS), trial number is mean-centered, age is measured in months and standardized, the baseline for infant
type is infants from MB1/MBI1B (non-NAE sample), and the baseline for language background is monolingual infants.

education (in years) as a predictor in the regression model
specified for RQ1 and RQ2, along with its interaction with trial

type.

The interaction between trial type and primary caregiver educa-
tion was not significant (8 = —0.01 [-0.05, 0.03]; SE = 0.02; ¢
= —0.46; p = 0.65), not allowing rejection of the null hypothesis
that SES does not moderate infants’ preference for IDS. In other
words, the magnitude of IDS preference was similar regardless
of caregivers’ years of formal education. At the same time, we
did observe a significant main effect of trial type, with infants
looking longer at IDS than ADS trials overall (8 = 0.06 [0.01,
0.10]; SE = 0.02; t = 2.55; p = 0.01). LTs decreased significantly
across trials (8 = —0.04 [-0.04, —0.03]; SE = 0; t = —9.92;
p < 0.01), and older infants looked for less time overall (f =
—0.10 [-0.15, —0.05]; SE = 0.03; t = —3.62; p < 0.01). No other
interactions were significant. As a robustness check, we re-ran
the model on the subset of infants with female primary care-
givers (80.52% infants). The pattern of results was qualitatively
unchanged.

Meta-analysis. For comparison with ManyBabies 1 and 1B, we
computed standardized effect sizes for each lab using LT, follow-
ing the method used in ManyBabies Consortium (2020). We also
confirmed that the effect size was similar when computing using
log-transformed LT. The resulting meta-analytic plot is shown in
Appendix B: Figure B1. The meta-analytic effect size is 0.17[—0.03,
0.37] (log transformed: 0.14[—0.06, 0.34]), which is numerically
smaller than the 0.35 [0.29, 0.42] reported in MBI (ManyBabies
Consortium (2020)) and the 0.26 [0.09, 0.43] for bilingual infants
reported in MB1B (Byers-Heinlein et al. 2021). But these estimates
are not directly comparable due to the different method and
age distribution in the current project (cf., Zettersten et al.
2024).

4 | General Discussion

Infants’ preference for IDS is both an important phenomenon
for understanding language learning and a case study for infant
methods more broadly. The MBI study investigated variation in
IDS preference across laboratories and across countries and found
a small but reliable effect such that infants preferred IDS over
ADS. Although there was substantial variation across labs, our
analyses suggest that much of it reflected random sampling error,
as the moderators we tested accounted for little of the between-
lab variance. Nevertheless, the effect was moderated by infant
age, language background, and experimental method. Though
MBI and its sister project MBIB investigated children from a
wide variety of language backgrounds, no sites from Africa were
included in this initial group of participating laboratories. The
current study was designed to fill this gap.

We summarize our findings with respect to three research
questions in the paper. First, consistent with MB1 and MBIB, we
found evidence for a significant IDS preference in a sample of
200 African infants. Second, and unlike MB1, we did not find
significant age-related variation in IDS preference, but given the
relatively small magnitude of the overall effect, we may not have
had sufficient power to detect an interaction with age in our
primary analytic model. In addition, the variability in age across
sites was limited, with four of the six labs having mean ages
clustered around 8 to 9 months, leaving us little age variation to
detect such an effect.

Finally, we were interested in comparing the magnitude of the
IDS preference in the current study to the estimates obtained in
MBI1 and MBIB (with multilingual data providing an important
comparison because of the diverse language backgrounds in our
current sample). We did not find significant study effects in a
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model comparing data from the current study to a method- and
language-background matched sample of infants from MB1 and
MBIB. The magnitude of the IDS preference in African infants
in the current study (d = 0.17) was numerically smaller than the
overall estimate reported by MBI (d = 0.35) and the estimates
for bilingual infants reported by MBIB (d = 0.26). But the two
estimates are not directly comparable; among other things, the
current study was conducted with infants who were not growing
up learning North American English and it used the central
fixation method, both of which were associated with overall lower
effect sizes in MBI compared with other groups (Zettersten et al.
2024).

The current study provides important evidence on the general-
izability of the IDS preference and of LT methods in infancy
more broadly. Despite the diversity of MBI, as noted above,
the vast majority of labs were from Western countries where
Indo-European languages are spoken. Thus, the findings of the
current study provide evidence that the IDS preference observed
in MBI is present in infants growing up in a diverse array of
non-WEIRD environments (consistent with evidence that aspects
of IDS are present and acoustically similar across cultures;
Hilton et al. 2022). More broadly, there is limited work using LT
methods for infancy research in the African context (cf. Pyykko
et al. 2019). Recent studies in Ghana have begun to build this
foundation, demonstrating that Ghanaian infants show vowel-
harmony preferences and can use harmony cues for speech
segmentation using the same central-fixation paradigm (Omane
et al. 2024; Omane et al. 2025b). The current work complements
these studies by extending the approach across multiple African
sites and testing a different domain, thereby providing a broader
demonstration of methodological feasibility across cultures.

Importantly, our findings also suggest that the IDS preference
extends to infants who grow up in highly multilingual environ-
ments. Many infants in our study were likely exposed to more
than one language from birth, a common characteristic in African
contexts. For instance, infants in Ghana may receive input from
two to six different languages within a single household (Omane
et al. 2025a). The persistence of the IDS preference at the group
level despite such linguistic diversity underscores the robustness
of this effect.

A second goal of the current study was to build a team of
laboratories in Africa collecting data with infants. We were
successful in accomplishing this goal and we believe that the
current study represents the largest experimental study of African
infants to date. Despite this success, we encountered a number of
substantial challenges. Some of these were unique to the African
context (e.g., variable internet connectivity) and to the specific
time-period of our study (e.g., spanning the Covid-19 pandemic)
while others were more general to the project of conducting “big
team science” investigations across institutions with a wide range
of resources.

Although we received commitments for data collection from 11
teams, three of these teams were unable to collect data due
to a variety of challenges relating to personnel and resources.
One source of these challenges was the initiation of Covid-19
lockdowns soon after our initial project training in the winter
of 2020. In some cases, personnel left the project or priorities

changed, leading teams to lose the ability to participate. These
lockdowns were also difficult even for teams who stayed involved
in the project. Due to turnover and the long delay between initial
training and setup for data collection after restrictions were eased,
anumber of procedural deviations were introduced. In two cases,
these deviations were so severe that we could not analyze data
from the site. In an ideal world, our group would have been able
to conduct additional site visits and training after sites began
collecting data; unfortunately this was not possible due to budget
and personnel limitations.

In addition to logistical and training challenges, it is important
to acknowledge the broader structural differences between the
participating laboratories in this project and the Western labo-
ratories that contributed to MB1 and MBI1B. Most Western labs
had access to established infrastructure for infant research, such
as participant databases, mailing lists, as well as stable funding
and institutional traditions of developmental experimentation. In
contrast, many of the African sites in our study were building
these capacities for the first time. Recruiting families without
existing participant pools required extensive community engage-
ment and word-of-mouth networks. The success of this effort
therefore reflects not only careful coordination and training,
but also the commitment and creativity of local researchers
who developed sustainable pathways for infant recruitment and
testing in settings with limited prior infrastructure.

These efforts resonate with broader calls to diversify and globalize
infant research. Recent commentaries have highlighted that
developmental science continues to draw disproportionately from
Western contexts, and have urged the field to address the struc-
tural barriers that prevent broader participation (Kidd and Garcia
2022; Singh et al. 2023). Equitable global collaboration requires
attention not only to sampling diversity but also to the power
dynamics and infrastructural inequities that shape how research
is conducted and credited. Encouragingly, recent initiatives such
as the /L+/ Global School on Language Acquisition (Aravena-
Bravo et al. 2024), co-led by several members of the MB1-Africa
team, demonstrate how capacity building can foster sustainable
participation from underrepresented regions.

The current study has a number of further scientific limitations,
including some shared with prior studies including MBI and
MBIB. First, although we attempted to estimate IDS preference,
we did so using a specific set of speech stimuli and a specific
paradigm. It is likely that the stimuli used here are less extreme
than many used in prior studies, and further, they are produced
in North American English, making them linguistically unfa-
miliar to one degree or another to all of the infants in our
study. Followups using native language stimuli are needed to
measure the importance of this choice to the IDS preference (i.e.,
MBIN, an in-progress follow up study to MB1 examining native
language IDS preferences). Second, although we invited broad
participation, our samples are convenience samples in at least
two ways: both of the sites who participated and the infants who
participated at each site. Thus our effect size estimates cannot be
treated as population effects but rather “proof of concept” that
an IDS preference can be observed in African infants across a
diverse set of sites. Finally, although we did not observe major
demographic variation, we caution against over-interpretation of
any demographic differences in IDS preference given that IDS
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preference has not been shown to be individually predictive of
any later outcomes (Soderstrom et al. 2024).

In sum, our study offers a case study of “big team science”
(Coles et al. 2022) carried out via a collaboration between
African researchers and the ManyBabies Consortium. Although
it faced a variety of logistical challenges (many shared with other
grassroots efforts; Baumgartner et al. 2023), it nevertheless yields
important evidence on generalizability of a key phenomenon in
early language learning, of LT methods, and of a broad-based
collaborative model for studying infant development.
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Endnotes

IDue to an experimental procedure error, infants at the South Africa site
were not always presented with complete IDS-ADS stimulus pairs; in
some cases, the same stimulus was played multiple times. While this
issue did not affect the random-effects model in the main analysis, it
does impact the present meta-analysis. We therefore trimmed the data
by (1) retaining only the first presentation of each trial and (2) including
only trials in which both the IDS and ADS versions were presented. The
trimmed data includes 176 trials from 28 infants.
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Appendix A: Discrepancies Between Pre-Registration and Final
Analyses

1. ICC comparison
Pre-registration: We planned to compare the estimated ICC in our
study with the ICC reported in MBI(B).
Final: This comparison was not conducted because MB1(B) did not
report ICC values.

2. Metrics of effect heterogeneity

Pre-registration: We planned to report distributional metrics describ-
ing heterogeneity across labs (Mathur & VanderWeele, 2020) using
the MetaUtility package. Specifically, we proposed to estimate: (1)
the percentage of effects greater than 0, (2) the percentage greater
than Cohen’sd = 0.2, and (3) the percentage less than d =-0.2. These
metrics were to be reported only if random slopes of trial type by lab
were included in the final model, their variance was estimated as
greater than 0, and at least 10 labs contributed data.

Final: Random slopes of trial type by lab were not included in the
final model, and only six labs contributed data. As a result, we did
not estimate these metrics.

3. Subset of MB1 and MB1(B) data

Pre-registration: We planned to subset MB1 and MBI1(B) data to
include only infants tested with central fixation procedures and
infants not exposed to North American English (NAE), to maximize
comparability with the present study.

Final: ITn MB1 and MBI(B) data, information about English exposure
often did not distinguish between American and British English.
Therefore, we excluded infants based on country of residence
(United States/Canada) rather than reported language exposure.

4. Urban-rural exploratory analysis
Pre-registration: We planned an exploratory analysis testing whether
infants’ IDS preference differed between urban and rural areas,
motivated by prior findings of differences in parental speech input
across these contexts (e.g., Keller, 2012; Vogt et al., 2015). Final: We
did not collect information on urban versus rural residence, so this
analysis was not conducted.

5. Socioeconomic status (SES) analyses

Pre-registration: We planned to measure SES using both mothers’
years of formal education and the MacArthur Scale of Subjective
Social Status (MacSSS), including both variables in regression mod-
els.

Final: We did not have MacSSS data for most participants, and
information on mothers’ education was incomplete. We therefore
used primary caregiver education as the main SES variable and
conducted a robustness check using the subset of infant whose
primary caregiver’s sex is female.

Appendix B: By-Lab Meta-Analysis

We computed a single effect size per lab and fit an intercept-only mixed-
effect meta-regression to estimate the overall IDS preference across
sites. This approach provides a comparable summary of results across
sites. Even with a standardized protocol, sites differ in their cultures,
recruitment pools, equipment, and experimenter behavior. A random-
effects meta-analysis treats those differences as legitimate heterogeneity
rather than noise, yielding a conservative estimate of the cross-lab mean
and its uncertainty.

To do so, we calculated each infant’s mean IDS-ADS difference score
1 standardized these within lab to obtain effect sizes, and estimated
their sampling variances. These lab-level estimates were then entered
into a REML random-effects model to produce the pooled effect size
and 95% confidence interval (Figure 1). The meta-analytic effect size is
0.17[—0.03, 0.37], which is numerically smaller than the 0.35 [0.29, 0.42]
reported in MB1 (Manybabies Consortium 2020) but these estimates are
not directly comparable due to the different method and age distribution
in the current project (cf. Zettersten et al. 2024).
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FIGURE B1 | Forest plot of lab-level standardized effect sizes (for the IDS-ADS preference). Points represent individual country estimates, with
size proportional to the inverse of their sampling variance; horizontal bars show 95% confidence intervals. The meta-analytic aggregate (top, red) is from

an intercept-only random-effects model.
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