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Keywords: Examining the language input experiences of infants growing up in multilingual African envi-
Laﬂgflfige iﬂp_ut ronments is essential to understanding their language acquisition. We explored the language
Multilingual infants input to 3;0-12;0-month-old infants (N = 121) in Ghana (Sub-Saharan Africa), a non-Western and
Multilingualism

less-economically rich social context and highly multilingual country. Data collection involved an
interview assessment, followed by caregivers completing a 12-hour logbook to indicate the lan-
guages their child heard over a day. Results demonstrated consistency of the infant’s language
exposure across both input measurement tools, suggesting their reliability. Results revealed that
Ghanaian infants are raised multilingually, exposed to between two and six languages, and
engage with between two and six regular input providers. There was no evidence for associations
of age with number of languages or regular input providers. Analyses of the relative amount of
input in Ghanaian English, Akan, Ewe, and Ga, revealed that infants receive less direct than in-
direct input in Ghanaian English, with no such difference observed in Akan, Ewe, Ga, and no
evidence of age effects. These findings shed light on the language environment and input to
African infants raised in multilingual societies, highlighting the impact of social and cultural
contexts on linguistic input. We conclude with reflections on studying infants in non-Western,
less-economically Rich social contexts in multilingual Africa.
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1. Introduction

Growing up in environments where two or more languages are used is the norm for many children worldwide. Bilingual language
input and its effects on linguistic development, including vocabulary and grammar, have been extensively studied. For example,
previous studies have shown that the relative quantity of input per language impacts bilinguals’ language development in their two
languages (Thordardottir, 2011; Hoff et al., 2012). These studies have predominantly been carried out in the so-called “WEIRD”
(Western, Educated, Industrialized, Rich, and Democratic) social context (for a review, see Henrich et al., 2010; Hurtado et al., 2014;
Hoff & Core, 2013). This means that our understanding of the nature, sources, and developmental implications of language input for
multilingual children growing up in less “WEIRD” contexts is rather minimal. Yet multilingualism is very common in such regions. A
case in point is that in many parts of Africa, most children are exposed to multiple languages (Akinkuotu et al., 2022; Heugh, 2019) and
have multiple caregivers, including parents, external family members, and neighbors (e.g., Demuth, 1987; Nutakor & Amfo, 2018;
Owino & Yigezu, 2023), which may further impact on their language experiences. Thus, empirical studies in other than “WEIRD”
contexts are necessary for a fuller understanding of both universal and community-specific aspects of early multilingualism.

The present study investigates language input for infants growing up in a less-WEIRD social context: Accra, the capital of Ghana,
which is non-Western: located in Sub-Saharan Africa, and less-economically Rich: Ghana is a lower middle-income country (see Ghana
Living Standard Survey round 7 report, 2019). In contrast to many “WEIRD” societies, such as the United States, where bi- and
multilingualism predominantly results from immigration (Hoff & Core, 2013), multilingualism is the norm in Ghana and infants
growing up in Ghana already experience a rich diversity of socially less and more dominant languages. Many infants grow up in
multilingual, multi-generational, and multi-family households (Nutakor & Amfo, 2018; Korboe, 1992; Nukunya, 2003), which may
contribute to the diverse language experiences of infants in Ghana, compared to infants in the well-studied nuclear family settings. In
multi-generational households, extended family members actively participate in the infant’s care-taking, and due to inter-ethnic
marriages (Kyei, 2022), family members may use different languages. Multi-family households, resulting from shared living in
compound houses, often consist of families of diverse ethnic backgrounds (Nutakor & Amfo, 2018). Within these compounds, there is
collective caregiving and interaction, exposing infants to various languages spoken within the compound and providing a multilingual
experience. Investigating the language experiences of infants in Ghana can thus offer a novel perspective on how a stable multilingual
environment shapes language input.

Given the sociocultural and -linguistic context in which infants are raised in Ghana, the aim of the present study was to explore
infants’ language input to better understand how the environment (e.g., the use of different languages, interaction with and care from
multiple individuals) contributes to their input. For this, the present study used two approaches to assess language input: (1) our
Caregiver Interview about Multilingual Exposure (CIME) protocol, an interview-based assessment tool we have designed for multi-
lingual families in the Ghanaian context, and (2) a one-day paper record logbook. We find that all infants from the families in our
sample of 121 were minimally bi- or multilingual.

One well-studied factor to describe exposure to multiple languages is the relative quantity of exposure: some children may receive
more input in one language than the other, while others may receive a more balanced input (see Molnar et al., 2014; Polka et. al, 2017;
Bosch & Sebastian-Gallés, 2003). Several prior studies have demonstrated a strong connection between the relative amount of
exposure to a language and performance and skills in that language, including vocabulary and grammar (e.g., Thordardottir, 2011;
Hoff et al., 2012; Pearson et al., 1997; Bridges & Hoff, 2013; Blom, 2010; Gathercole & Thomas, 2009) and phoneme discrimination
(Molnar, Gervain, et al., 2014; Liu & Kager, 2015; Ramon-Casas et al., 2009). The collective evidence from these studies highlights the
importance of quantifying language input for understanding bilingual language development.

Several factors, including the social and cultural, language status in the community or at home, and family composition, may
influence how much bilingual children hear of each of their languages. For example, when a minority language is used exclusively at
home, children may receive limited input in that language (Pearson, 2007). Similarly, children’s exposure to a heritage language might
be higher when both parents use it (Alba et al., 2002) than when it is spoken by only one parent (De Houwer, 2007; Place & Hoff,
2011). In certain cultures, children receive more direct and indirect input from women than from men or other children (Bunce et al.,
2021). This implies that, in bilingual households that follow the one-language-one-parent approach (e.g., Barron-Hauwaert, 2004;
Venables et al., 2014), exposure to the father’s language is likely to be lower than the mother’s. When investigating input quantity in
bilingual contexts, describing factors contributing to the input variability is critical to understanding the wide diversity in bilingual
experiences.

A further factor to consider is whether input is directly or indirectly provided to the child.

While some studies have shown that exposure to more direct but not indirect speech relates to vocabulary development (Patterson,
2002; Weisleder & Fernald, 2013; Shneidman & Goldin-Meadow, 2012; Shneidman et al., 2013), others find that infants who receive
little direct input still learn word meanings (e.g., Foushee & Srinivasan, 2024). How much direct and indirect speech input children
receive may vary across cultures. For example, American English-learning children tend to receive more direct speech than indirect
speech input (Shneidman & Goldin-Meadow, 2012). In contrast, Yucatec Mayan (Shneidman & Goldin-Meadow, 2012), Tseltal Mayan
(Casillas et al., 2020; Foushee & Srinivasan, 2024), and Tsimane forager-horticulturalists’ (Cristia et al., 2019) children receive less
direct input during their early years, and still reach language acquisition milestones at expected ages (Casillas et al., 2020), and learn
new words (Foushee & Srinivasan, 2024; Shneidman et al., 2009). Finally, while some studies have investigated bilingual infants’
exposure to direct and indirect speech (Griiter & Paradis, 2014; Orena et al., 2020; Patterson, 2002), it remains an open question
whether bi- and multilingual infants experience different ratios of degrees of exposure to direct and indirect input in their languages.
For example, Orena et al. (2020) examined French-English bilingual infants’ exposure to direct and indirect input in each language but
only reported analyses of English. While these findings underscore the potential significance of direct input in language development,
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they also highlight that indirect input must be included when characterizing input across cultures and across languages in multi-lingual
input.

Several methods are available for assessing infant language input, with some capturing general estimates of language exposure,
while others offer more detailed information based on, for instance, full-day recordings. One method for obtaining general estimates of
language exposure is the use of questionnaires, such as the MILQ (Liu & Kager, 2017), the Q-BEx (De Cat et al., 2022a), and others by
De Houwer (2007) and De Cat et al. (2022b). General estimates of language input can also be obtained using interview assessment
protocols, consisting of predetermined structured questions that caregivers answer verbally in an interview with a researcher, such as
the LEAT (De Anda et al., 2016), the MAPLE (Byers-Heinlein et al., 2019), and MAPLE’s precursor versions (Bosch & Sebastian-Gallés,
2001).

Methods that capture a full single day include day-long audio recordings covering one or more days (one day: Cychosz et al., 2021;
three days: Orena et al., 2020; eleven days: Oller, 2010). Such studies often use the Language ENvironment Analysis (LENA) recording
system and software (LENA research foundation, 2014), which record children’s auditory environment, including their language input
and own vocalizations, and then extracts measures of input language, child language, and the interaction, using the LENA software.
The auditory environment can also be recorded with a small, unbranded recorder and then analyzed using open-source software
(Lavechin et al., 2020; Rasanen et al., 2021). If audio recordings are not viable or desirable, a day-long paper recording method, such as
the Language Input Diary (LID) developed by De Houwer and Bornstein (2003) can also be used for assessing bilingual exposure (e.g.,
French-Dutch bilinguals: De Houwer, 2011; English-Spanish bilinguals: Place & Hoff, 2011). Spread out over many days, caregivers are
asked to keep a record of children’s daily language exposure, including all language(s) used in children’s earshot and the contexts of
interaction (e.g., mealtime, bathing time; see further Section 2.2 below). In the current study, we aimed to arrive at robust input
estimates by combining two methods: a structured interview to capture a general estimate of language exposure and a paper-based
logbook (henceforth, logbook) to capture exposure during a full single day.

In multilingual settings with more than two languages, characterizing input quantity and the factors influencing input charac-
teristics can be even more complex and variable than in bilingual contexts. Firstly, children may be exposed to any number of lan-
guages over one, and this number may vary within a single community - as we will discuss in the next section below for Accra, Ghana.
This increases diversity in input quantity profiles among multilinguals. Moreover, the multilingual language experience suggests
further granularity in the association between languages, regular input providers, and contexts for language exposure. Quantifying the
language input of multilingual children is, therefore, possibly more complex than for bilingual children, but a prerequisite for assessing
the effects on language development and outcomes.

1.1. The present study

The current study investigated multilingual language input to infants in Ghana, a highly multilingual country, using an interview
assessment and a paper-based logbook. The study aimed to understand the nature of the input infants receive in terms of the number of
languages of exposure, providers of input, and factors that may impact the relative input quantity in each language. A second aim of the
study was to develop and test two input measurement tools for quantifying this multilingual exposure and relevant context factors.
With about 83 living languages in Ghana (Eberhard et al., 2023), most Ghanaians are multilingual: some speak Ghanaian English
together with one or more additional local languages, while others speak two or more local Ghanaian languages (Bodomo et al., 2010).
English is the official language of Ghana, used in government affairs, communication, and education as the only medium of instruction
from grade 4 in the Ghanaian education system, for around 8-9 years, through tertiary levels (Ansah, 2014; Owu-Ewie & Eshun, 2015;
Reilly et al., 2022). The predominant local language in Ghana is Akan (Osam, 2003), spoken by approximately 70 % of the Ghanaian
population (Dako & Quarcoo, 2017). Akan, with about 13 mutually intelligible dialects (e.g., Asante, Fante, Akyem, Agona), is used in
various domains, including trade, media, and church (Dolphyne & Dakubu, 1988; Dolphyne, 1988; Osam, 2003). Following this,
infants in Ghana are likely to be raised with two or more languages simultaneously from birth. As discussed above, the possibility of
being raised as multilingual from birth is additionally enhanced by the fact that infants are typically raised by multiple caregivers in
multi-generational and multi-family homes. In the current study, we explore Ghanaian multilingual infants’ language input and
several factors associated with the input in various languages by addressing the following questions:

(1) What is the nature of the language input to infants in Ghana regarding the number and types of languages?

(2) How many regular input providers do infants have, and who are the regular ones?

(3) Is there any association between the input that infants receive (e.g., the number of languages) and the number of regular input
providers?

(4) Do input characteristics (e.g., number of languages) change cross-sectionally over age during infancy?

(5) Is there any difference in the relative amount of direct input and indirect input that infants receive, and does that depend on
language?

(6) Is infants’ exposure to socially dominant languages related to the mother’s level of education?

Moreover, from a methodological viewpoint, we asked:

(7) Do caregiver’s interview assessments and a logbook elicit comparable information regarding multilingual infants’ language
input?

1.2. Current approach

To address these questions, and to arrive at robust input estimates, here, we combined one method that captures a general estimate
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of language exposure and one that captures exposure during a full single day: we used a structured interview-based assessment and a
logbook. The structured interview assessment method was selected over questionnaires as it allowed the caregivers and us to make sure
that the questions were clear. Additionally, it allowed us to translate the questions directly into caregivers’ preferred language (local
languages are hardly used in written form). The logbook was chosen for capturing input throughout a single day because it is easily
transferable between different caregivers, easy to complete, and does not involve the privacy issues associated with daylong audio
recordings (see Omane et al., 2023 for a discussion), which was important since we did not know whether people in the target
community would feel comfortable when being recorded.

The logbook was used to validate our CIME. With the CIME, we adapted the MAPLE (Byers-Heinlein, et al., 2019, based on Bosch
and Sebastian-Gallés’ (2001) and MILQ; Liu & Kager, 2017), to create an assessment protocol for the specific context in Ghana. In doing
so, we adhered to recommendations by Byers-Heinlein et al. (2019) regarding essential descriptors to be included, such as regular input
providers, the amount of input, and language(s) of exposure. The logbook tool was developed with inspiration from Marisa Casillas
(personal communication, 2021) and resembles the Language Input Diary (LID; De Houwer & Bornstein, 2003).

2. Method
2.1. Caregiver interview about multilingual exposure tool design (CIME)

The CIME, which can be retrieved from [https://osf.io/9vbpy/?view only= 491856b392554a20a2b6a8d4f15b15a7], was
designed to obtain an estimate of the languages directed to the infants by a range of speakers (e.g., father, mother, grandparents, older
sibling(s), and other caregivers) or that the infants overhear in the environment (e.g., adult conversation, media, social/religious
gathering). For each person who interacts with the infant, we intended to quantify the number of hours per day/week they spend with
the infant, which languages they speak with the infant, and how often they use each language when speaking to the infant (on a 5-point
scale with the labels: always, regularly, sometimes, rarely, and never). The same scale was used in reporting indirect input. In addition,
we asked the caregivers about the infant’s sleeping and waking times, as the estimated language exposure times did not include
sleeping times.

To make the CIME applicable for use in Ghana, we excluded some questions present in previously available structured interview
assessment protocols and questionnaires, while we retained, modified, and added others. In the following, we detail the rationale
behind our decisions. We retained questions regarding regular input providers, languages, and exposure settings (e.g., home) since
these were important for us to address our research questions. Different from existing interview assessment protocols, we pre-
determined several potential caregivers who might interact with the infants on a regular basis (based on the first author’s experience as
a native of Ghana) and asked caregivers about each of these. However, we excluded questions about the caregiver’s language profi-
ciency, first and second languages, and infants’ onset of exposure in the past, because the concept of language proficiency was
considered to be not widely familiar among many individuals in Ghana, particularly those lacking formal education. Given that
multilingual caregivers in Ghana are usually fluent in many languages, they might assess themselves as highly proficient in all of them,
even though there could be differences in degree of proficiency. Moreover, the contrast between a first and second language might not
be distinguishable for many Ghanaians due to lifelong exposure and daily use. Furthermore, in the Ghanaian context, we considered it
less applicable to explicitly inquire about lifetime exposure (c.f., the LEAT), given that multiple individuals engage with the infant, and
caregivers may find it exceedingly difficult to recall, after several weeks or months, the precise amount of time various people spent
with the infant and the languages they used. All considerations mentioned here also illustrate that contextualizing our CIME was
essential for meaningfully asking about language input in the community we studied.

2.2. Logbook design

The paper-based logbook, which can be retrieved from [https://osf.io/9vbpy/?view_only=
491856b392554a20a2b6a8d4f15b15a7], was used to estimate language exposure throughout an infant’s entire day and to validate
our CIME by correlating the logbook and the CIME estimates. Given the expected multiple-caregiver situation (Nutakor & Amfo, 2008),
we anticipated that infants would be regularly transferred from one caregiver to another. Therefore, we prepared a setup with the
logbook to be placed in the vest worn by the infant so that any caregiver who looked after the infant on the day of completing the
logbook could access it and fill it out while the infant was in their care. The logbook consisted of 25 columns and six rows. The first
column displayed the time of day in 30-minute intervals from 7 AM to 7 PM. The following five columns were created for caregivers to
indicate the various language(s) the infant encountered during the respective time periods. In the first four of these columns, the top
row listed the languages most commonly spoken in Accra: Akan, Ghanaian English, Ewe, and Ga. The last column remained open for
caregivers to record input in any additional language(s) or provide comments.

The present logbook method has both similarities and differences with the Language Input Diary (LID) developed by De Houwer
and Bornstein (2003). Like the LID, our logbook recorded the language inventory on paper, accompanying the infant throughout the
day. Additionally, because we expected multiple caregivers, any individual present with the infant on the day of completing the
logbook was asked to document the languages(s) heard by the infant in 30-minute intervals. We chose a 30-minute interval (as in De
Houwer & Bornstein, 2003) as it provides adequate time for the infant to receive language input while awake and balances the need to
obtain fine-grained measures of possibly often-changing input with minimizing inconvenience for caregivers. Despite these similar-
ities, our logbook differs from the LID (De Houwer & Bornstein, 2003) in several ways. For example, unlike the LID, which also
included details such as who was with the child, who spoke what language, and the activity during which the talking occurred, our
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logbook focused only on the languages the infant heard. These simplifications were made to ensure that the instructions could be
clearly and completely passed on to each caregiver in the multiple-caregiver situation. Regarding the overall duration of filling out the
logbook, while the LID used by De Houwer and Bornstein (2003) was completed once a week from 6 am until 9 pm for 15 months, our
logbook was completed within a single day, from 7 am until 7 pm, because most parents may already be preparing their infants for bed
by 7 pm, and we limited our data collection to a single day due to our constrained fieldwork time in Ghana.

2.3. Participants

One hundred twenty-one families with infants aged 3;0-12;0 months old (Mage = 8;3, 53.7 % boys) living in Accra, Ghana’s
capital, took part in this study. Data from seven additional families were excluded because we could not retrieve their logbook (n = 4),
or because they ticked all languages and time options provided in the logbook (n = 3), which we took to indicate a misunderstanding of
the instructions, because it is unlikely that the infants never slept during the entire 12 hours of completing the logbook. Families were
recruited through personal networks (snowball sampling) and from two hospitals in Accra (the University of Ghana Hospital in Legon
and a hospital that prefers to be anonymous). All infants from the participating families happened to be raised multilingually. All
interviewed caregivers had received formal education (43 %: junior secondary school (9 years of education), 34 %: senior secondary
school degree (12 years of education), 21 %: bachelor’s or polytechnic degree (16 years of education), 2 %: master’s degree (18 years of
education). Informed written consent was obtained from the main caregivers before participating. Families were compensated by a fee.
This study was approved by the Ethics Committee for Humanities at the University of Ghana (number: ECH 226/ 21-22).

2.4. Procedure

2.4.1. Caregiver interview about multilingual exposure (CIME)

The CIME was administered either by the first author or Rebecca Dufie Forson, the research assistant, in the form of a face-to-face
structured interview that took place in a room at the Department of Linguistics at the University of Ghana or at a hospital. The CIME
took about 7-10 minutes to complete, and it was mostly administered in Akan, as most caregivers preferred that. To obtain reliable
estimates for both infant-directed and indirect language input, we explained that indirect input could be any language the infant hears
that is not directly addressed to them, by providing examples, such as overhearing conversations between adults and siblings in the
presence of the infant, and exposure to television or radio. Caregivers were not instructed on how to judge which languages the infant
hears from other caregivers. Thus, their responses may have relied on direct observation of other caregivers using languages X and Y
with the infant, or on some inference: knowing that a particular caregiver speaks languages X and Y, and thus likely uses them with the
infant.

2.4.2. Logbook

Full instructions and a demonstration of how to complete the logbook were provided after the interview. Caregivers were instructed
to complete the logbook by ticking the different languages their infants heard every (waking) half an hour for an entire day between 7
AM and 7 PM. In these instructions, we did not set a threshold for how long a language should be used in the presence of the infant
before it can be reported; instead, we instructed caregivers to record a language as having been heard just on the basis that it was
spoken at all during the 30-minute block. Caregivers were also instructed that they should not enter anything in the logbook while the
infant is asleep. Finally, caregivers were asked to provide these instructions to anyone caring for the infant in their absence, who should
also be asked to pass on the information to anyone else who would take over the infant from them.

Caregivers typically filled out the logbook a day or two after completing the CIME. Caregivers were instructed to complete the
logbook on a typical day in the infant’s life, as we aimed to assess the infant’s typical language experience. For example, we did not
consider a day when the infant is sick to be a representative or typical day in the infant’s life. Within a week of handing over the
logbook to the parent/caregiver, the first author or the research assistant called to inquire whether the logbook was ready for
collection. In most cases, the logbook was retrieved six to ten days after it was given to the caregiver. Most caregivers requested that the
researcher pick up the logbook from their homes. Doing so often took close to two hours per family because of the traffic conditions.
Some caregivers returned the logbook to the venue where the interview had taken place.

3. Data pre-processing and analysis
3.1. CIME

Exposure to each language was calculated as the percentage of time an infant heard a given language over the total time of exposure
to all languages per day. These proportions were calculated for direct input across caregivers, indirect input across contexts, and
overall input (i.e., direct and indirect input summed). Calculations were done as follows: First, all time estimates reported in hours
were converted to minutes, and all-time estimates reported per week (e.g., indirect input) were converted into an estimate per day.
Second, we assigned numeric values to the frequency-of-use scale, where always = 4, regularly = 3, sometimes = 2, rarely = 1, and
never = 0, and interpreted these as abstract units of time on an interval scale. Third, the proportion of time an infant heard a given
language from a given caregiver was calculated as the frequency-of-use score assigned to this language divided by the sum of all
frequency-of-use scores for this caregiver. The total time an infant heard this given language from this caregiver is the frequency-of-use
proportion multiplied by the caregiver’s total time spent with the infant. Fourth, time of exposure to a language was summed across all
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caregivers (for direct input), across all contexts (for indirect input), and across both (for overall input). Finally, the relative exposure to
a given language was calculated as the time of exposure to that language relative to the time of exposure to all languages, separating
between direct input, indirect input, and overall input (i.e., direct + indirect input).

3.2. Logbook

We computed exposure to the different languages by first counting the number of times the infant heard each of the languages
indicated in the logbook and the total number of entries (all languages combined). Then, for each language, we calculated the per-
centage of the number of entries for that language over the total number of entries. In instances where two or more languages were
used in the same half-hour, each was counted as an individual entry for further calculations. For example, if Akan, Ghanaian English,
and Ga were listed for a given 30-minute block, and these were the only entries in the entire logbook, exposure to each would be
calculated as (1/3) * 100 = 33.3 %. However, if one of the three languages were listed again in a different time block, then that
language would have two entries in the logbook, and exposure to it would be calculated as (2/4) * 100 = 50 %.

3.3. Statistical analysis

The statistical analyses were carried out with R (R Core Team 2020). We present descriptive and correlational analyses before
showing linear mixed-effect model analyses (using the package lme4 v1.1-26; Bates et al., 2015).

4. Results
4.1. Comparison of input languages and exposure estimates from the CIME and logbook

In the analyses presented here, we first report the number of languages estimated in the CIME and logbook separately, and then
compare and combine those estimates. All comparisons between the input measurement tools also serve to verify the CIME with the
logbook. For the number of input languages per infant, both the CIME and logbook data show that infants of the participating families
were exposed to two to five languages (see Fig. 1). The combination of the two input measurement tools (labeled as Combined in Fig. 1)
revealed similar numbers of exposure languages as the individual tools (two to six languages), while the proportion of bilinguals is
reduced substantially when input languages are combined across tools. Table 1 (below) provides a summary of the number of infants
and the number of languages they were exposed to according to each assessment tool separately and when the tools are combined. A
total of 18 different languages of exposure were reported in the CIME, 17 in the logbook, and 20 on the tools combined. The specific
language combinations, as reported in the two input measurement tools, are provided in Table 2, which also shows 32 unique
combinations across the two tools, and 23 and 21 unique language combinations in the CIME and logbook, respectively.

A Spearman’s rank test revealed that the number of languages reported in the CIME correlated with those reported in the logbook
(rs=.61,p < .001, 95 % CI [0.43, 0.74]), as illustrated in Fig. 2. For 30.5 % (n = 37) of all infants, the number of languages of exposure
from the CIME did not correspond to those in the logbook; it was roughly balanced whether the CIME (n = 20) or the logbook (n = 17)
estimated exposure to a larger number of languages.

To compare the input measurement tools in terms of estimated relative exposure quantity, we correlated the overall (i.e., summed
direct + indirect) exposure time from the CIME with the exposure time from the logbook for each of the top four languages (Akan,
Ghanaian English, Ewe, Ga), that is, the languages that most infants are exposed to according to both the CIME and the logbook. These
analyses showed a positive correlation (range across languages: weak to moderate, based on Dancey & Reidy, 2007) between the CIME
and logbook estimates (in percentage, see Table 3).
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Fig. 1. Percentage of infants and the number of input languages reported in the CIME and logbook.
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Table 1

A summary of the number of infants and the number of languages they are exposed to from the Caregiver Interview about Multilingual Exposure (CIME),
logbook, and a combination of the questionnaire and logbook (combined).

Number of input languages CIME Logbook Combined
Two 37 38 25
Three 59 60 61
Four 21 17 25
Five 4 6 9
Six 0 0 1

Table 2
Language combinations across infants, as obtained from the Caregiver Interview about Multilingual Exposure (CIME) and the logbook (LB), organized with

two and three languages on the left and four and five languages on the right, respectively.

Two languages

Four languages

Language combinations
Akan, GhE

Akan, Ga

Three languages
Language combinations
Akan, GhE, Ga

Akan, GhE, Ewe

Akan, GhE, Krobo
Akan, GhE, French
Akan, GhE, Nkonya
Akan, GhE, Gruna
Akan, GhE, Frafra
Akan, GhE, Nzema
Akan, GhE, Guan
Akan, GhE, Ada

Akan, GhE, Dagaare
Akan, GhE, Selee
Akan, GhE, Basari
Akan, Ewe, Ga

CIME

O OO0 O MKHOHKMNU

- O OO =N W

Language combinations
Akan, GhE, Ga, Ewe

Akan, GhE, Ga, Krobo

Akan, GhE, Ewe, Buli

Akan, GhE, Ga, Guan

Akan, GhE, Ga, Hausa

Akan, GhE, Ga, Dagaare
Akan, GhE, Nzema, Sehwi
Akan, GhE, Ewe, Ada

Akan, GhE, Ewe, French
Akan, Ga, Sehwi, Nzema
Akan, Ewe, Anum, Dagbanli
Five languages

Language combinations
Akan, GhE, Ga, Ewe, Kroobo
Akan, GhE, Ga, Ewe, French
Akan, GhE, Ga, Ewe, Ada
Akan, GhE, Ga, Ewe, Dagbanli
Akan, GhE, Ga, Krobo, Frafra

CIME
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Fig. 2. Correlation of number of languages per infant reported in the CIME versus the logbook. The size of the points reflects the number of infants.

Our correlation analyses showed no significant association between infant age and the number of input languages (CIME: (rs =
—.04, p = .66, 95 % CI [-0.23, 0.17]); logbook (rs = —.01, p = .92, 95 % CI [-0.20, 0.181)).

4.2. Input providers

Next, we analyzed the input types (direct and indirect) and regular input providers as retrieved from the CIME (as the logbook did
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Table 3
Correlation coefficients (r) and related confidence intervals (CI) indicating correlations between the relative amount of exposure from the CIME and
logbook for the four languages that most infants in the study were exposed to.

Akan (n = 121) Ewe (n = 48) Ga (n =63) GhE (n =121)
r .56 .59 .35 .56
95 % CI 0.43, 0.67 0.37, 0.75 0.12, 0.55 0.43, 0.67

not provide this information). Overall, infants had two to six regular input providers. The listed regular input providers were mothers,
fathers, older siblings, grandparents, domestic staff, other relatives (e.g., uncles and aunts), and other people (whose relationships to
the infant were not captured in our CIME). All infants (100 %) had their mother as one of their regular input providers. Approximately
eighty-seven percent (86.8 %) of infants received input from their fathers, 53.7 % from older siblings, 42.1 % from grandparents,
44.6 % from other relatives, 6.6 % from domestic staff, and 37.2 % from other people. The CIME data shows that most individual
caregivers spoke between one and three languages to the infant, and most frequently two, as illustrated in Table 4.

A Spearman’s rank correlation test showed a positive association between the number of regular input providers and the number of
input languages in the CIME (rs =.22, p = .01, 95 % CI [0.07, 0.38], see Fig. 3): the more regular input providers an infant had, the
more languages they were regularly exposed to. However, there was neither a significant association between the number of regular
input providers named in the CIME and the number of input languages in the logbook (rs =.08, p = .39, 95 % CI [-0.09, 0.27]) or
between the number of regular input providers and the combined number of input languages listed on the CIME and logbook combined
(rs=.16,p = .07, 95 % CI [0.01, 0.33]). Furthermore, to assess potential age-related changes in the input, we probed whether there are
any associations between infant age and the number of regular input providers. Correlation analysis showed no significant association
between infant age and the number of regular input providers (r; = —.02, p = .85, 95 % CI [-0.20, 0.17]). This result does not provide
evidence that the number of regular input providers changes with age in infants’ first year of life.

We further explored the number of extra languages infants heard from their father, other relatives, and non-relatives besides what
they heard from their mother. Our data show that in addition to the languages spoken by the mother, 35 % (n = 42) of the infants
received one to two extra language(s) from the father and other relatives, and 16 % (n = 19) of the infants received one to two extra
languages from non-relatives. Conversely, for 49.6 % of infants, the mother provided input in all the languages the infant was exposed
to. Next, when we considered the languages spoken by both the mother and father, our data revealed that 26.4 % (n = 32) of the
infants received one to two extra language(s) from other relatives, while 12.4 % (n = 15) received one to two extra languages from
non-relatives. Conversely, for 61 % of infants, the mother and father together provided input in all the languages the infant was
exposed to. Moreover, 14 % of infants with older siblings heard one additional language (other than those spoken by mother, father,
and other caregivers) from their siblings.

4.3. Comparison between direct and indirect input

Next, we probed the relations and differences between direct and indirect input. For this, we used the CIME data (as the logbook did
not capture direct and indirect input separately). Although infants in the current study formed a heterogeneous sample exposed to
different languages, we did not have many data points for some of them. Hence, in what follows, we analyzed exposure to the four
languages that most infants in our sample were exposed to: Akan, Ewe, Ga (all Kwa, Niger-Congo, local Ghanaian languages), and
Ghanaian English (Germanic, Indo-European, non-local language). As a result, the relative amount of exposure in direct and indirect
input was correlated for three of the languages: Akan (r(119) = .31, p < .001, 95 % CI [0.14, 0.46]), Ewe (r(46) = .33,p = .02, 95 %
CI [0.06, 0.57]), and Ghanaian English (r(119) = .39, p < .001, 95 % CI [0.22, 0.53]; see Figs. 4a, 4b, 4c, 4d respectively), indicating
that the more direct language exposure the infants were provided, the more indirect language exposure they received as well.
However, there was no significant correlation between the relative amount of exposure in direct and indirect input in Ga (r(61) = .005,
p=.97, 95 % CI [-0.24, 0.25]; see Fig. 4d).

Table 4

Overview of the number of languages spoken to the infant by each caregiver category (retrieved from the CIME). Information in the cells presents the number
(and percentage) of caregivers speaking a given number of languages to the infant. Percentages are calculated over the number of caregivers per caregiver
category; “total” indicates the total number of caregivers per caregiver category.

Number of languages spoken to the infant by each caregiver category (retrieved from the CIME).

Caregiver category One Two Three Four Five Total
Mother 16 (13 %)) 68 (56 %) 33 (27 %) 4 (3%) 0 (0 %) 121
Father 23 (22 %) 69 (66 %) 12 (11 %) 11 %) 0 (0 %) 105
Grandparent 25 (49 %) 21 (41 %) 5 (10 %) 0 (0 %) 0 (0 %) 51
Older sibling 13 (20 %) 48 (74 %) 4 (6) 0 (0 %) 0 (0 %) 65
Other relatives 18 (33 %) 32 (59 %) 3(6 %) 0 (0 %) 1(2%) 54
Other people 21 (47 %) 22 (49 %) 1(2%) 1(2%) 0 (0 %) 45
Domestic staff 6 (75 %) 2 (25 %) 0 (0 %) 0 (0 %) 0 (0 %) 8
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Fig. 4. Correlation between direct and indirect input for Akan, Ewe, Ghanaian English, and Ga.
4.4. Mixed-effect model analyses

Separate linear mixed-effect models included either the relative amount of exposure to Akan (Akan model), Ewe (Ewe model), Ga
(Ga model) or Ghanaian English (Ghanaian English model) as a dependent variable with input measurement tools (3-level factor with
CIME direct input, CIME indirect input, and logbook) coded using a successive difference orthogonal contrast (indirect vs. direct input:
1/3, —2/3; logbook vs. indirect input: 2/3, —1/3), age (centered), and maternal education (centered) as predictors. The model
included all interactions of predictors, and the random structure comprised an intercept for participant. The variances of the random
by-participant slope were estimated at zero, and the results of the fixed effect component were identical in models with and without the
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random slope. Hence, we report the results from the model with the by-participant slope with the formula below:

Model formula: Imer(Exposure ~ input type * ageC * maternal educationC + (1 + measure||id number).

In the Akan model (see Table 5), there was a marginally significant interaction regarding the contrast between indirect and direct
input and maternal education (f = —1.68, p = .05), indicating that the discrepancy of infants hearing more direct than indirect input in
Akan may be larger the higher their mother’s education. Moreover, there was a significant effect of contrast between the logbook and
indirect input estimates (from the CIME) (f = —8.830, p < .001, 95 % CI [-13.63, —4.03]), indicating that for Akan, more indirect
exposure was recorded by the CIME than overall relative exposure by the logbook. Our analysis also showed a significant interaction
regarding the contrast between exposure recorded by the logbook and indirect exposure recorded by the CIME and maternal education
(#=2.751,p = .002, 95 % CI [1.09, 4.42]), indicating that the extent to which the CIME records more indirect Akan exposure than the
logbook records Akan exposure increases with lower maternal education. None of the other main effects and interactions were sta-
tistically significant.

The Ewe and Ga models (with the relative amount of exposure to Ewe and Ga as dependent variables, respectively, see Tables 6 and
7) each showed a significant effect of contrast between direct and indirect input: Ewe (8 = —17.464, p < .001, 95 % CI [-23.59,
—11.34]), Ga (p = —6.466, p = .030, 95 % CI [-12.08, —0.85]), with infants receiving more direct than indirect input in each of the
languages. There was also a significant effect of contrast between logbook and indirect input (from the CIME) in both the Ewe ( =
17.099, p < .001, 95 % CI [11.23, 22.96]) and Ga ( = 8.522, p = .004, 95 % CI [2.91, 14.14]) models, indicating that the overall
relative exposure recorded in the logbook for these languages was higher than the indirect exposure recorded in the CIME. None of the
other effects and interactions were statistically significant.

The Ghanaian English model (with relative amount of exposure to Ghanaian English as a dependent variable, see Table 8) showed a
significant effect of contrast between direct and indirect input (f = 11.469, p < .001, 95 % CI [7.57, 15.37]) with infants receiving
more indirect than direct input in Ghanaian English. Moreover, there was a significant main effect of maternal education (4 = 2.185,
p <.001, 95 % CI [1.32, 3.05]), indicating that the higher the maternal education level, the more infants were exposed to Ghanaian
English. The model also showed a significant effect of contrast between logbook and indirect input (from the CIME) (§ = —5.878,
p =.004, 95 % CI [-9.78, —1.97]), indicating more indirect exposure was recorded in the CIME than overall relative exposure in the
logbook. There was no statistically significant effect of age (8 = —0.009, p = .57, 95 % CI [-0.04, 0.02]), and no interactions were
significant (all p’s > 1).

5. Discussion

The current study explores language input to 3-12-month-old infants in Ghana (Africa), in a context that is highly multilingual and
less-WEIRD, namely non-Western and less-economically Rich. Our findings suggest that infants were exposed to two to six different
languages, with a total of 32 unique language combinations attested in our sample. Up to six people provided regular language input,
with the mothers being the most prominent, followed by (in this order) the fathers, older siblings, grandparents, other relatives (e.g.,
aunts, uncles), others (non-relatives), and domestic staff. Infants with more regular input providers were exposed to a larger number of
languages (at least, on a regular basis). Our findings on relative direct and indirect exposure suggest that infants received less direct
than indirect input in Ghanaian English, the administrative language of Ghana; no evidence for or against differences in the relative
direct and indirect exposure to Akan, a more socially dominant local Ghanaian language; and more direct than indirect input in Ewe
and Ga, two other local Ghanaian languages. Higher maternal education is associated with a relatively larger proportion of exposure
(%) to Ghanaian English, with no evidence for or against such an effect in Akan, Ewe, and Ga. Further, we found no evidence for or
against effects of infant age on infants’ relative amount of exposure to Ghanaian English, Akan, Ewe, and Ga, or on the number of
languages or regular input providers. We discuss these findings, study limitations, and implications for future research below, after
evaluating our methodological approach.

Table 5

Output of the linear mixed-effects model (Akan model) with exposure to Akan (%) in direct vs indirect input (as retrieved from the CIME).
Fixed effects B SE t p 95 % CI
(Intercept) 50.463 1.676 30.080 < .001 47.20, 53.72
indirect_minus_direct 2.245 2.482 0.905 .367 —2.56, 7.05
logbook_minus_indirect —8.830 2.482 —3.559 <.001 —13.64, —4.03
ageC —0.003 0.022 —-0.154 .878 —0.05, 0.04
M_edC —0.753 0.582 —1.295 .198 —1.88,0.38
ageC:M_edC —0.006 0.009 —0.617 .539 —0.02, 0.01
indirect_minus_direct:ageC 0.005 0.033 0.150 .881 —0.06, 0.07
indirect_minus_direct:M_edC —1.681 0.861 —1.951 .052 —3.34, —0.01
LB_minus_indirect:ageC —0.041 0.033 —1.224 222 -0.11, 0.02
LB_minus_indirect:M_edC 2.751 0.861 3.196 .002 1.09, 4.42
indirect_minus_direct:ageC:M_edC 0.005 0.013 0.355 723 —0.02, 0.03
LB_minus_indirect:ageC:M_edC —0.022 0.013 -1.701 .090 —0.05, 0.00

Note: LB = Logbook; M_ed = Maternal education

10
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Table 6

Output of the linear mixed-effects model (Ewe model) with exposure to Ewe (%) in direct vs indirect input (as retrieved from the CIME).
Fixed effects p SE t p 95 % CI
(Intercept) 18.144 2.153 8.426 < .001 14.02, 22.27
indirect_minus_direct —17.464 3.222 —5.421 <.001 —23.59, —11.34
LB_minus_indirect 17.099 3.063 5.582 <.001 11.23, 22.96
ageC 0.020 0.027 0.749 .458 —0.031, 0.07
M_edC —0.762 0.854 —0.892 377 —2.40, 0.87
ageC:M_edC —0.001 0.011 —0.061 1952 —0.02, 0.02
indirect_minus_direct:ageC 0.015 0.040 0.384 702 —0.06, 0.09
indirect_minus_direct:M_edC —0.234 1.278 —0.183 .855 —2.66, 2.20
LB_minus_indirect:ageC 0.021 0.038 0.554 .582 —0.05, 0.09
LB_minus_indirect:M_edC 0.147 1.216 0.121 .904 —2.18, 2.47
indirect_minus_direct:ageC:M_edC —0.007 0.017 —-0.414 .680 —0.04, 0.02
LB_minus_indirect:ageC:M_edC 0.013 0.016 0.800 428 —0.02, 0.04

Note: LB = Logbook; M_ed = Maternal education

Table 7

Output of the linear mixed-effects model (Ga model) with exposure to Ga (%) in direct vs indirect input (as retrieved from the CIME).
Fixed effects p SE t p 95 % CI
(Intercept) 12.285 1.465 8.384 <.001 9.46,15.11
indirect_minus_direct —6.466 2.937 —2.201 .030 —12.08, —0.85
LB_minus_indirect 8.522 2.937 2.901 .004 2.91, 14.14
ageC 0.016 0.021 0.774 442 —0.02, 0.06
M_edC —0.152 0.495 —-0.307 .760 -1.11, 0.80
ageC:M_edC 0.005 0.008 0.663 .510 —0.01, 0.02
indirect_minus_direct:ageC —0.040 0.041 —0.955 .341 -0.12, 0.04
indirect_minus_direct:M_edC 0.444 0.993 0.448 .655 —1.45,2.34
LB_minus_indirect:ageC 0.055 0.041 1.336 .184 -0.02, 0.13
LB_minus_indirect:M_edC —0.344 0.993 —0.346 .730 —2.24,1.55
indirect_minus_direct:ageC:M_edC 0.001 0.017 0.069 945 —0.03, 0.03
LB_minus_indirect:ageC:M_edC 0.007 0.017 0.438 .662 -0.02, 0.04

Note: LB = Logbook; M_ed = Maternal education

Table 8
Output of the linear mixed-effects model (Ghanaian English model) with exposure to Ghanaian English (%) in direct vs indirect input (as retrieved from the
CIME).

Fixed effects p SE T p 95 % CI
(Intercept) 32.675 1.278 25.566 <.001 30.19, 35.16
indirect_minus_direct 11.469 2.018 5.685 <.001 7.57,15.37
LB_minus_indirect —5.878 2.018 —2.913 .004 -9.78, —1.97
ageC —0.099 0.017 —0.574 .567 —0.04, 0.02
M_edC 2.185 0.443 4.931 <.001 1.32, 3.05
ageC:M_edC —0.001 0.007 -0.211 .834 —0.01, 0.01
indirect_minus_direct:ageC 0.010 0.027 0.382 .703 —0.04, 0.06
indirect_minus_direct:M_edC 0.408 0.699 0.583 .560 —0.95, 1.76
LB_minus_indirect:ageC —0.002 0.027 —0.065 .948 —0.05, 0.05
LB_minus_indirect:M_edC —1.264 0.699 —1.807 .072 -2.61, 0.09
indirect_minus_direct:ageC:M_edC 0.003 0.011 0.260 .795 —0.02, 0.02
LB_minus_indirect:ageC:M_edC 0.001 0.011 0.920 .353 —0.01, 0.03

Note: LB = Logbook; M_ed = Maternal education

5.1. Comparison of input languages and exposure estimates from questionnaire and logbook

The current study has shown a positive correlation between our Caregiver Interview about Multilingual Exposure (CIME) and
logbook in terms of the estimated number of input languages, and the quantity of input estimated for each language, suggesting the
CIME’s reliability in a multilingual context. However, the exact estimated number of languages in the two input measurement tools did
not match for about a third of the infants, with the CIME and logbook each estimating a larger number of languages in about half of the
non-matching cases. Additional evidence for the logbook and CIME not measuring exactly the same aspects of input comes from the
mixed model analyses that compared the relative amount of exposure as recorded by the logbook and the CIME, which we discuss later
in this section.

Several factors may account for the few discrepancies between the CIME and logbook estimates. Firstly, the CIME captured general
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estimates of language exposure, while the logbook covered a single specific day, which was probably not exactly representative of
infants’ general experience. For instance, an infant may have interacted with people who are not regularly around, explaining the
presence of more languages in the logbook than in the CIME. In contrast, some regular caregivers and, thus, their languages, may not
have been around on the logbook day, explaining the absence of some languages in the logbook compared to the CIME. Secondly, we
cannot exclude the possibility that caregivers may forget to list a specific language. While this can occur in both measurement tools, it
is more likely for the logbook, as the researcher probed caregivers during the CIME for additional languages that they might have
forgotten. Finally, we realized post-hoc that the logbook instruction: “Please, mark every language that you or another person speaks to
the infant every 30 minutes from 7 AM to 7 PM,” was ambiguous about whether only direct input or also indirect input should be listed.
Some, but not all people filling out the logbook may thus have included languages both directly and indirectly heard by the infant.

The explanation that the logbook may represent a combination of direct and indirect input receives additional support from the
results of the mixed models presented in Tables 5-8 (note: the implications of discrepancies between direct and indirect input in the
different languages are discussed in 5.3). These analyses compared the relative amount of exposure as reported in the logbook and the
CIME in the most frequent input languages Akan, Ewe, Ga, and Ghanaian English. The results were that for the contrast between direct
and indirect input from the CIME, both Ewe and Ga showed a similar pattern in terms of the direction of the effect (with higher degree
of exposure reported for direct than indirect input). Similarly, for the contrast between logbook and indirect input for Ewe and Ga,
there was a higher degree of exposure reported in the logbook than for indirect input recorded in the CIME. This parallel pattern of
results is consistent with the logbook subsuming aspects of both direct and indirect input. Regarding Ghanaian English, we found a
parallel between the two contrasts, but in line with higher indirect than direct input levels (with lower degree of exposure for both
logbook records and direct input in CIME than for indirect input in CIME). Just for Akan, we found no evidence for or against the
difference between direct and indirect input in the CIME. Together, these findings support the assumption that the logbook has
captured both direct and indirect input.

Another speculative explanation of the higher degree of exposure reported in the logbook than for indirect input recorded in the
CIME is that caregivers may have overestimated the amount of Akan and Ghanaian English and underestimated Ga and Ewe in the
CIME. Potentially, the parents’ impressions relate to Akan and English being generally more widely spoken in Accra than Ewe and Ga.
Future studies should shed light on this by employing more objective quantitative methods such as daylong audio recordings.

The current study shows maternal education influences caregivers’ estimates of infants’ exposure in Akan in the logbook. Our
analysis reveals that lower-education mothers tend to report more exposure to Akan in the logbook than indirect input in the CIME. We
do not have an explanation for this unexpected effect.

Despite the discrepancies noted above, the CIME and the logbook provided similar estimates of infants’ language exposure. We
recommend that parental language interviews can be used without the logbook. However, if possible, complementing the parental
language assessment with other input assessment methods in highly multilingual settings can help provide a more comprehensive
understanding of the infant’s language environment.

5.2. Regular input providers

The current study demonstrates that infants in Ghana are multilingual with exposure to between two and six languages. The
multilingual nature of the city of Accra (Bodomo et al., 2010; Nutakor & Amfo, 2018), where various ethnic languages coexist
(Bibiebome et al., 2019), is already reflected in infants’ language input in the first year of life. This can be attributed to several key
factors. First, the multilingualism of the input providers results in multilingual input to the infants. We found that infants were exposed
to up to 6 different regular input providers, and most of these people spoke more than one language to the infant. This suggests
(although we did not confirm this through a direct question) that families did not adhere to the one-parent-one-language strategy
commonly adopted in “WEIRD” multilingual households (e.g., in multilingual families in Canada [Orena et al., 2020]; Australia
[Venables et al., 2014], and the United States [Mishina-Mori, 2011]).

Second, the presence of older siblings can contribute to infants’ multilingual experience. For 14 % of infants with an older sibling in
our data, the older sibling introduced a language not spoken by parents and other caregivers. This is consistent with previous research
showing their significant role in infants’ language experiences as input providers (e.g., Bridges & Hoff, 2014; Cristia, Gautheron, et al.,
2023; Gallimore et al., 1974; Loukatou et al., 2022; Zukow-Goldring, 2002).

Third, life beyond the nuclear family in Ghana may expose infants to additional language input providers and their languages. As
revealed by our data, 26.4 % of the infants received one to two extra language(s) from other relatives than their parents, and 12.4 %
received one to two extra languages from non-relatives. Other caregivers introducing linguistic diversity in the infants’ environment is
reminiscent of the fact that interactions with multiple caregivers afford infants exposure to lexical diversity, which can help in lan-
guage development (Jones & Rowland, 2017). The contribution of this broader community to infants’ multilingual input is further
underscored by our finding that a larger number of regular input providers is associated with more input languages, at least as
measured by the CIME. However, we must exercise caution in interpreting this finding due to (1) the small effect size of this correlation
and (2) the lack of a significant association if the number of input languages is measured either using the logbook or using the CIME
and logbook combined (see above for a discussion of the discrepancies between CIME and logbook).

Expanding on the role of multiple caregivers in infants’ language exposure, we anticipated that infants’ multilingual experiences
would be substantially expanded by growing up in compound houses and external family households, which typically comprise
families or individuals with different ethnic languages and shared caretaking (see Nutakor & Amfo, 2018; Edu-Buandoh, 2006).
However, we only observed for a minority of infants that compound housing structure may result in more diverse language exposure:
About a third (37.2 %) of the infants received language input from non-family members (excluding domestic staff), which may include
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compound co-inhabitants. While some caregivers informally reported that non-family members living in the same compound or nearby
houses also often interact with the infants in a different language(s), the CIME data suggest that only about one-eighth (12.4 %) of the
infants received input from non-family members in a language other than what is spoken by the infant’s parents and/or other relatives.
Future studies in a context like Ghana may want to consider extending the data collection beyond a single day (as, e.g., in De Houwer &
Bornstein, 2003), and specifically recruit families from neighborhoods in which compound housing is typical. Additionally, future
studies should unpack the composition of the category “other” input providers on the CIME or collect in the logbook who is speaking to
the infant in each half-hour interval, for a nuanced understanding of how housing and community structure shape infants’ multilingual
input landscape.

5.3. Comparison between direct and indirect input

We found that infants receive relatively more indirect than direct input in Ghanaian English, and more direct than indirect input in
Ewe and Ga, with no evidence for a discrepancy in Akan. We first discuss the Ghanaian English results before addressing the local
languages.

With English being Ghana’s official language, Ghanaian English is widely used for administrative purposes ( Ansah, 2014;
Owu-Ewie & Eshun, 2015; Owusu-Ansah & Torto, 2013) and as a medium of instruction in schools in Ghana (Djorbua et al., 2021).
With English being Ghana’s official language, Ghanaian English is the medium of instruction in schools and otherwise primarily serves
adult communication needs, including the workplace and some religious gatherings (e.g., Campbell & Anderson, 2023). These are all
contexts where infants may be exposed to indirect, rather than direct, Ghanaian English. Moreover, exposure to Ghanaian
English-language media may further account for infants’ indirect higher exposure to Ghanaian English: it occurs often in middle-class
households in Ghana (Darko & Quarcoo, 2017) and was informally reported by some of our participants for cartoon series and films,
which are always in Ghanaian English. It is an open question how the observed Ghanaian English input pattern might influence infants’
phoneme and vocabulary development. On the one hand, indirect overheard and media input may have less impact on early multi-
lingual language skills than direct input (Oller, 2010; Kuhl et al., 2003). On the other hand, (monolingual) children who learn language
from primarily indirect input still reach language acquisition milestones at expected ages (Casillas et al., 2020). Considering our
finding that multilingual children might experience some languages predominantly from indirect input, we hope that future studies
will further explore the effects of indirect input on language development in such multilingual contexts.

For the three local languages considered, results appeared different for Akan, with no evidence of a difference between direct and
indirect input, compared to Ewe and Ga, which showed higher degrees of direct than indirect input (but note that the languages were
not compared within a single statistical model, such that the different exposure patterns are not firmly established). These apparent
differences likely reflect the different social roles of these three languages in people’s private lives and in the community. On the one
hand, some Ghanaian parents believe that children should learn their ethnic language(s) because it forms an integral part of their
identity (Nutakor & Amfo, 2018). While we did not collect information about caregivers’ ethnicity, we suspect that the direct input in
Akan and (especially) Ewe and Ga came from caregivers who were Akans, Ewes, and Gas, respectively. On the other hand, Akan is the
most widely spoken language in Ghana, even compared to English, and extensively used in many social and economic aspects of daily
life: religious gatherings (e.g., church; Osam, 2003; Dolphyne & Dakubu, 1988), media (e.g., Radio; Osam, 2003; Dolphyne, 1988),
trade (informal sector: Osam, 2003; Dolphyne & Dakubu, 1988), and daily interpersonal conversation. All these domains of Akan usage
were included in our CIME as sources of indirect language exposure (except trade, which was not covered). We assume that the
widespread social and economic use of Akan might have led to the high relative exposure to only this local language in indirect speech.
Finally, although we recruited participants in Accra, originally a Ga city, participants came from communities that are not Ga
dominant and where Ga does not have a social or community role. In sum, our findings thus show that the social role that local, ethnic
languages play in a community or country, either as a socially dominant or as a home language, has an impact on the settings in which
the infants hear the language. Future studies should investigate the effects of direct and indirect speech exposure on language out-
comes in this population to gain a more comprehensive understanding of these infants’ language development, including whether or
not they go on to learn and speak all the languages in their input.

The present study shows that maternal education is related to infants’ exposure to Ghanaian English. Our analysis reveals that the
higher the mothers’ education the more input their infants receive (averaged across indirect and direct input) in Ghanaian English.
This result is in line with prior research showing that many educated Ghanaian parents, even if they are bi- or multilingual, choose to
speak Ghanaian English at home with their children due to the language’s prestige (see Bibiebome et al., 2019; Nutakor & Amfo, 2018;
Darko & Quarcoo, 2017). Most middle-class parents put their children into international schools, where children are exposed to
Ghanaian English at an early age (Yankson, 2018). Educated Ghanaian parents often view early exposure to Ghanaian English as a
means to enhance their child’s academic performance (Quarcoo, 2006) and future educational and economic prospects (Owusu-Ansah
& Torto, 2013). These attitudes of educated Ghanaian parents towards Ghanaian English probably play a significant role in the
relatively high exposure their infants receive in Ghanaian English compared to other languages spoken in Ghana.

5.4. Input languages across age

Our analyses did not find any evidence for or against the possibility that input characteristics would change depending on the
infants’ age: neither the number of languages, regular input providers, nor the relative amount of exposure to Akan, Ewe, Ga, and
Ghanaian English was significantly modulated by the infants’ age. Based on the confidence intervals that do not extend beyond a small

effect size, we even speculate that these input characteristics are relatively stable during the first year of life. The stability in the
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number of regular input providers shows that an important factor in infants’ multilingual input, namely that “it takes a village to raise a
child,” is present from at least 3 months of age, the youngest in our sample. The stability in the number of input languages in the first
year of life suggests that infants are immediately immersed rather than gradually introduced into the multilingual setting. Further-
more, the comparability between the number of input languages for infants growing up in Accra (2-6, in the present study) and the
number of languages spoken by 6- to 10-year-old children and adults in the same city (2-6, and 2-8 languages, respectively; Bodomo
etal., 2010) suggests that these early multilingual experiences are the beginnings of becoming a Ghanaian multilingual. Future studies
with infants growing up in Ghana should continue investigating the question of whether input characteristics indeed remain stable
across age, and possibly extend this to other multilingual African cultures.

5.5. Implications for the current study and future research

The present language input assessment study of 3-12-month-old infants in Ghana aligns with ongoing discussions on diversity,
inclusion, and the impact of culture and environment on early language experiences (e.g., Aravena-Bravo et al., 2023; Singh et al.,
2023; Kidd & Garcia, 2022; Cristia, Gautheron, et al., 2023; Cristia, et al., 2023; Paradis, 2022; Shneidman & Goldin-Meadow, 2012).
Our findings from Accra, a linguistically diverse setting where the 121 infants in our sample are exposed to 20 different languages in
total, and to between two to six languages per infant, exemplify the challenges of creating a homogenous multilingual sample. While it
is somewhat feasible to recruit a sample with infants that have at least some exposure to specific languages (e.g., to Akan being
minimally one of their languages; see Omane et al., 2024), it is much less realistic to aim for a sample without any reported exposure to
additional languages (e.g., only 36 of 121 infants in our sample would meet the criterion of receiving input in only Akan and Ghanaian
English). Moreover, in multilingual Accra, even these infants are expected to have some minor exposure to other languages. Relatedly,
recruiting a sample of infants with a minimum of 35 % exposure to each of their languages, as often done in bilingual infant studies (e.
g., Bosch & Sebastian-Gallés, 2001; Sebastian-Gallés and Bosch 2009; Byers-Heinlein, 2015), simply becomes impossible when infants
are exposed to three or more languages (with 35 % exposure to two languages, exposure to the third and further languages combined
can be at most 30 %). If the field is serious about improving diversity and inclusion in language acquisition research, research practices
should become compatible with highly diverse multilingual situations as described in the present paper, rather than consider it as an
exception (or even as a problem). This kind of diversity is the reality for many infants in the global South, which represents the majority
of people around the world (e.g., Odeh, 2010).

Regarding implications for future research, the current study paves the way for further developmental research on multilingual
infants in Ghana and other multilingual African countries. Investigating how early exposure to multiple languages influences language
and cognitive development will be vital in understanding the consequences of multilingualism in African infants’ linguistic outcomes.
Bilingualism research has shown that relative amount of input plays a role in each language the bilingual is exposed to, for example, in
vocabulary and grammatical development (see Hoff & Core, 2013, for a review). It will be important to address similar questions in
studies with children exposed to three or more languages. We believe that our CIME and, to a lesser extent, our logbook may be useful
tools for future researchers to quantify multilingual input in their studies on these topics.

Given the cultural and linguistic factors that pertain to the community of our study, adopting an existing language assessment/
estimate tool without modifications would not have been ideal for capturing the multilingual Ghanaian context, as also highlighted in
the introduction. Notably, we centered questions around potential regular input providers, their relationship with the infant, and
situations where infants might receive indirect speech input. These adaptations enabled us to observe that infants of the families who
participated in the present study have many regular input providers and that their number correlates with the number of languages in
an infant’s input. Furthermore, adding a list of potential languages of exposure and typical Ghanaian activities, such as attending
church, may have helped caregivers to recall the many languages their infant hears in different contexts. On that basis, we encourage
other researchers to also adapt their language assessment or estimate tools to suit the context and culture of the community they are
investigating (for more details on this, refer to Singh, Barokova, et al., 2023; Byers-Heinlein et al., 2019).

5.6. Limitations

This quantitative study into the language input to infants in Ghana, a highly multilingual setting, has raised many new questions
that were beyond its original scope. Due to fieldwork constraints, we needed to be conservative in terms of time and complexity of tools
and methods. Thus, based on our observations and known limitations, we suggest the following for future studies. First, with the
intention of keeping the logbook simple, we did not collect information about the caregivers filling in the logbook, the people speaking
the languages entered into the logbook (as was done in De Houwer & Bornstein, 2003), or whether input was direct or indirect. If
possible, future studies exploring multilingual input in multi-caregiving environments may want to consider expanding the logbook
beyond merely the language(s) spoken.

Second, our CIME did not inquire about caregivers’ ethnic backgrounds, as we expected challenges in obtaining reliable responses,
because people in Ghana might relate their ethnicity to more than one of the local languages they speak. We can thus not verify our
interpretation of the results on direct and indirect speech, that caregivers prioritize their own ethnic language(s) in direct interactions
with infants. It will be interesting if future research collects data on caregivers’ ethnic backgrounds as well as their language attitudes,
to examine how these factors impact caregivers’ language choices when interacting with infants.

Third, the present study did not provide specific instructions on whether caregivers’ judgment about the language experience
should be based solely on direct observation, inferences, or both. It might be interesting for future research to examine if parental
language assessment results vary with these different approaches.
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Fourth, the present study focused only on the quantity of input infants receive, not on input quality and its potential impact on
language development, which should be investigated in future studies. For example, code-switching is a common linguistic practice
among Ghanaians (Amuzu, 2012; Nyavor, 2017), and infants may experience this in their input from caregivers who speak more than
one language. Thus, it will be interesting to investigate how multilingual infants in Ghana experience code-switching in their input and
its impact on language development. Previous studies on this topic have yielded conflicting results: some show a negative relationship
with children’s vocabulary development (e.g., Byers-Heinlein, 2015), while others show no relation (e.g., Place & Hoff, 2011).

Fifth, the input measurement tools used in the present study provide no other measures of input quality, such as lexical diversity or
turn-taking, which previous studies have shown to be predictive of linguistic outcomes (Donnelly & Kidd, 2021; Jones & Rowland,
2017). Therefore, future studies investigating lexical diversity or turn-taking and how these relate to language development in
multilingual infants in Ghana may want to use day-long recordings to address this.

Sixth, although our CIME implicitly recorded some information about infants’ sibling status by asking about interactions with older
siblings, a detailed investigation of this topic was beyond the scope of the present study. Given prior evidence that older siblings
influence infants’ language experiences and development (e.g., Bridges & Hoff, 2014; Cristia, Gautheron, et al., 2023), it will be
interesting for future studies to investigate the role of sibling status in infants’ multilingual input experience in Ghana.

6. Conclusion

The present paper investigated the language input (and its characteristics) to multilingual infants in Accra (Ghana, Africa), a less-
WEIRD (i.e., non-Western, less-economically Rich) context in Africa. Our results show that infants are exposed to between two and six
languages and have between two and six regular input providers. Infants growing up in Ghana thus have considerably variable input
settings regarding the number of regular input providers, and the number of languages, which in part are attributable to the multiple
caregiver traditions in the country. Our results further demonstrate that mothers with a high level of education expose their infants to
more Ghanaian English, while at a group level, infants receive less direct input than indirect input in this language. The present study
has provided novel insights into multilingual infants’ language experience and how cultural and environmental factors may shape
multilingual infants’ language experiences in an African setting. Future research in this population and other understudied multi-
lingual African societies is encouraged to provide a deeper understanding of cross-cultural similarities and differences in multilingual
language input and how infants’ diverse input experiences may interact with their language development and linguistic outcomes.
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