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Abstract

We estimate a model of intra-household allocation of time-intensive parental invest-
ments. To address the identification challenge of separating preferences, expectations, and
bargaining power, we leverage a unique data combination. First, we derive the quantity
and quality of maternal and paternal speech from day-long audio recording using a state-
of-the-art neural network classifier. Second, we elicit expectations from each parent about
the returns to speech. Third, we exploit hyper-local variation in female bargaining power
arising from inheritance practices. Our model and estimation reveal how female bargain-
ing power influences paternal investments: fathers provide more and higher-quality speech
investments when women have greater bargaining power, but only when mothers expect
investments to improve child language development. These results align with a collective
model in which powerful women elicit paternal investment when they believe it is produc-
tive. Our results highlight the role of economic power rather than broader social status in
driving these investments.
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1 Introduction

Parental investments during early childhood constitute a major determinant of child
human capital development (see Attanasio et al. 2022; Garcia and Heckman 2023
for overviews of the literature). In particular, a rich language environment in the
early years is essential for young children’s vocabulary and language acquisition, as
well as their long-term development (Suskind, 2015; Bergelson et al., 2023), spurring
recent interventions to foster verbal investments by parents (List et al., 2021; Cunha
et al., 2024; Dupas et al., 2025). The existing literature, however, primarily fo-
cuses on maternal investments, overlooking both the influence of paternal investments
and the intra-household allocation of these investments. Worldwide, over 93% of all
rigorously-evaluated early parenting interventions have focused on supporting moth-
ers exclusively (Jeong et al., 2021), even though over 70% of households with children
have a father present (United Nations, 2022). Rising global levels of female labor
force participation and persistent inequalities in the burden of care make it necessary
to understand family dynamics over parental investments in children and the drivers
of paternal involvement.

This paper studies the intra-household allocation of time-intensive investments
in children by both parents. Our analysis rests upon a unique trifecta: (i) frontier
measures of mother’s and father’s investments for the same child, (ii) data on beliefs
held by both parents about the returns and costs of these investments, and (iii)
external variation in women’s bargaining power.

A key innovation is our measure of parental investment: speech. We measure
maternal and paternal speech from day-long, child-centered recordings of 196 children
aged 6 months to 4 years (mean = 25 months), captured using a small device fitted to
the child’s clothing. Recordings were analyzed with an end-to-end neural network, the
Voice Type Classifier (VTC, Lavechin et al., 2021), trained with various child-centered
corpora of similarly aged children exposed to multilingual environments and languages
similar to our study. This approach allows us to estimate three key dimensions of
speech investment by each parent: the overall quantity of speech, the quantity of child-
directed speech, and the interaction quality of child-directed speech, as proxied by the

pitch of the parent’s voice while talking to the child.! These measures are correlated

!Emotional expressiveness, particularly higher pitch, is key in maintaining a child’s attention and
fostering social and cognitive engagement (see, e.g., Saint-Georges et al., 2013; Ramirez et al., 2020).



with direct and indirect measures of parental investment, such as breastfeeding and
BMI.

Motivated by the evidence that parental beliefs about the technology of child
development shape investment decisions (e.g., Boneva and Rauh, 2018; Attanasio
et al., 2024; Cunha et al., 2022; Bhalotra et al., 2025), we elicit both mothers' and
fathers' beliefs about the production function of language development, as well as
their perceived costs of talking to children. Both mothers and fathers expect that
frequent child-directed speech yields positive returns but also entails positive costs.
Importantly for our analysis, the within-couple correlation in beliefs is very low.

Finally, we exploit deep-rooted cultural heterogeneity in female bargaining power
o ered by our eld setting, the Solomon Islands in the Paci c. Here, the prevalence
of matrilineal inheritance, where daughters inherit land from their mothers, varies
hyper-locally, evenwithin ethno-linguistic groups (BenYishay et al., 2017). We es-
tablish that matrilineal inheritance is a reliable proxy for female bargaining power.
Women in matrilineal villages enjoy advantages in the household, such as greater
leisure and ownership of female-preferred assets, while matrilineal and patrilineal vil-
lages are otherwise comparable in terms of socio-economic, political, and cultural
characteristics?

Our data collection takes place among small-scale subsistence communities, iso-
lated from major market centers and without any market-based solutions for child
care. The rich cultural variation and subsistence context make our setting partic-
ularly well-suited for our analysis, minimizing biases from the joint determination
of labor force participation, childcare, and bargaining power, as well as unobserved
inputs into the production function of child development. Moreover, multilingualism
and strong oral traditions shape how children learn in this context, making parental
speech a particularly salient input in the production of early skills.

The data show that, on average, mothers talk to children twice as much as fathers.
However, a key nding is that fathers invest more in speech in matrilineal villages, by
27% on average. We build a stylized model of intra-household allocation of parental
speech investments to guide our investigation of the mechanism explaining this nd-
ing. Our modeling choices are informed by the local context and by empirical evidence
that matrilineal inheritance is associated with di erences in female bargaining power,

2See also, e.g La Ferrara (2007); Gneezy et al. (2009) and Lowes (2022) for evidence on the
connection between matrilineal inheritance and female bargaining power.



but not in assortative mating, quality of the spousal match, expected returns and
costs of parenting, or individual opportunity cost of time. We thus consider a col-
lective household model in which the mother's Pareto weight in the collective utility
function is higher under matrilineal inheritance. Both parents derive utility from
child language development but bear a cost associated with speech investments. Par-
ents have imperfect information about the language production function and form
individual-speci ¢ beliefs about the return of their investment.

The model provides insights into how expected returns, perceived cost of invest-
ment, and female bargaining power in uence paternal investments. It predicts that
both the father's investment and, crucially, the responsiveness of his investment with
respect to the mother's expected returns, increase with the mother's Pareto weight.
This latter prediction suggests that mothers leverage their bargaining power to elicit
paternal investment when they believe the investment is productive, and provides our
main mechanism of interest.

Our estimation of the structural parameters of the model reveals our main empir-
ical result, which is consistent with our theoretical prediction: fathers invest more in
child speech when mothers have greater bargaining powaard expect higher returns
to investment. A one standard deviation increase in mothers' expected returns to
parental speech increases fathers' speech investments by 0.39 standard deviations in
matrilineal villages. This result holds for measures of quantity as well as quality of
child-directed speech. Further, we show that the additional paternal investment is
primarily directed towards girls. The estimation also reveals distinct pathways for
paternal and maternal investments. Fathers are more responsive to their perceived
costs of investment, while mothers respond primarily to their expected returns. Our
results are robust to alternative modeling choices of the Pareto weights, utility func-
tions, costs, and expected returns.

We implement a number of additional analyses to rule out alternative mecha-
nisms. A potential concern is the presence of confounders that systematically vary
with the interaction between female bargaining power and mothers' expected returns.
We show that husbands of high-returns mothers in matrilineal villages are observa-
tionally similar to others, including in terms of expected returns and cost of speech,
education, income sources, and social preferences. High-returns mothers in matri-
lineal villages are also similar to others, including in terms of fertility, and so are
their children. Further, we show that our results are not driven by conversations



between husband and wife or other proxies of the quality of the marriage. Overall,
this suggests that our result is not driven by assortative matching, a quantity-quality
tradeo , inter-generational transmission, or other confounders of mothers' beliefs in
matrilineal villages.

Second, we establish that our results are specic to speech investment. While
fathers do spend more time with children when mothers have more bargaining power,
they only invest more inspeechwhen mothers also have high expected returns to child-
directed speech. Moreover, the results on paternal speech are robust to conditioning
on the the time spent with children. This shows that the quantity and quality of
paternal investments are speci c to the domains where mothers expect high returns.

Finally, we pinpoint the role of economic power in driving paternal investment,
as opposed to other potential dimensions of female status, including kin and family
networks linked to post-marital residence patterns (Bau, 2021). We provide additional
evidence on the in uence oindividual economic power by leveraging within-village
variation in the death of the mother's parents and in bride pricé. These results further
rule out unobserved variation across inheritance structures driving our results.

The sociocultural environment of our setting mirrors that of many other children
worldwide. Half of pre-primary-age children around the world about 175 million
are not enrolled in formal childcare or early childhood education (UNICEF, 2019),
and between half and two-thirds of the world's population use two or more languages
in their daily life, especially in Africa, South Asia, and Oceania, where many local
languages have limited written materials and early learning relies heavily on spoken
interaction (UNESCO, 2025). In addition, an estimated 1.5 billion people globally
live under customary land tenure systems (Rights and Resources Initiative, 2015),
and 14% of pre-industrial societies practiced matrilineal inheritance (Murdock, 1967).
Together, these parallels highlight the broader external relevance of our setting and
the value of studying parental investment in this environment.

Our work contributes to several literatures, starting with the economics of par-
enting. Parental investments play a crucial role in shaping children's development,
especially in the early years (see, e.g., Cunha and Heckman, 2007), with speci c ben-
e ts of speech investments for child human capital development (Suskind, 2015). An
expanding body of work studies the determinants of parental investments in children

3See Anderson (2007); Ashraf et al. (2020); Lowes and Nunn (2018) for evidence on bride price
and women's economic power.



(see Doepke et al. 2019; Doepke and Zilibotti 2019 for recent reviews). However, this
literature provides only limited evidence on fathers' investments. Most theoretical
models abstract from intra-household dynamics by assuming a representative parent
and child (see discussion in Doepke et al., 2019), while empirical studies predomi-
nantly focus on mothers? Our key contribution is to jointly examine investments by
both parents, as well as what shapes the intra-household allocation of these invest-
ments.

We achieve this through a novel approach that combines frontier and objective
measures of parental investment with data on parents' probabilistic beliefs about in-
vestment returns and perceived costs, and variation in bargaining power. A basic
identi cation problem in understanding the drivers of parental investment is that ob-
served investments are consistent with many alternative speci cations of preferences,
expected returns, perceived costs, and bargaining power (Manski, 2004). Our data
allow us to disentangle their respective roles and answers calls in the literature by
Manski (2004), Almas et al. (2024), and Caplin (2025) to measure typically unob-
served constructs such as expectations and bargaining power to improve inference
on decision-making. More broadly, our study contributes to the growing literature
on subjective expectations and decision-making under uncertainty (Bachmann et al.,
2023). While this literature has advanced rapidly, data capturing expectations about
the same outcomes fronmultiple household members remain rare. As a result, het-
erogeneity in intra-household expectations, and its implications for household choices,
has been largely unexplored. Exceptions include Giustinelli (2016) on parent teenager
expectations in school choice and Ke (2025) on within-couple disagreement in macroe-
conomic expectations. Here, by exploiting within-household di erences in expecta-
tions and variation in bargaining power, we identify whose beliefs shape each parent's
investments.

This paper also makes several contributions to the literature on the importance of

4See Evans and Jakiela (2024) for a recent survey of the emerging literature on fathers' involve-
ment in low- and middle-income countries, including studies that engage fathers and other household
members alongside mothers (e.g., Betancourt et al. 2020). For data on parenting styles among both
mothers and fathers in high-income countries, see Doepke and Zilibotti (2019). See also Giannola
(2024) for an example of how parents allocate resources between siblings.

SAlmés et al. (2024) also emphasize the data requirements for studying parental investments,
providing an illustration with elicited beliefs, elicited preferences, and measures of bargaining power
from mothers and fathers in Tanzania. However, their data, unlike ours, does not link parents'
beliefs within the same couple.



kinship and social structures for the status of women, human capital formation, and
economic development (e.g., Henrich, 2016; Bahrami-Rad et al., 2022). While most
evidence highlights how social structures a ect group-level outcomes, our theoretical
and empirical approach microfounds these aggregate relationships. We provide the
rst estimation of a structural model that identi es a speci ¢ mechanism through
which social structures interact with individual-level characteristics to predict indi-
vidual behavior. Related literature connects female-biased cultural practices, such as
matrilineal inheritance (La Ferrara, 2007; Gneezy et al., 2009; Lowes, 2022), matrilo-
cal residence (Bau, 2021), and bride price (Anderson, 2007; Ashraf et al., 2020; Lowes
and Nunn, 2018) to women's bargaining power, autonomy, and status, as well as to
parental investments in children. Uniquely, we leverage both within-ethnicity and
individual variation, attenuating potential concerns about unobserved heterogeneity
across ethnic groups. Moreover, we exploit rich variation in inheritance, residence,
and marriage payment practices to disentangle various dimensions of female status.

Finally, this paper contributes to the literature on computational modeling of
language by developing improved and new measures of child-directed speech, parental
time spent with children, and spousal conversations (see Appendix C). In particular,
our pitch-based measure of parental vocalizations o ers a new, scalable, automated,
low-cost approach for measuring both the quantity and interaction quality of child-
directed speech, bridging the gap between scale and qualitative insights.

2 Background: Context and Matrilineal Inheritance

Our study takes place in the Solomon lIslands, an archipelago of the South Pacic
inhabited by Austronesian-speaking peoplésThe richness of cultural diversity in the
region has long attracted the attention of anthropologists like Marshall Sahlins, who
noted how the native peoples of Paci c Islands unwittingly present to anthropologists

a generous scienti ¢ gift: an extended series of experiments in cultural adaptation
(Sahlins, 1963). Typical of Austronesian-speaking societies, the Solomon Islands ex-
hibits remarkable linguistic and cultural diversity with 72 distinct living languages’

6Austronesia extends from Madagascar to New Zealand, spanning the Indian Ocean and South
Paci c. The Austronesian language family comprises more than 1,000 distinct languages spoken by
over 360 million people (Blust, 2009).

’See Ethnologue, accessed 2 July 2025. The extent and persistence of cultural diversity in the
region is partly due to geographical fragmentation, limited reach of a centralized state, small popu-



Matrilineal inheritance. Unlike Eurasia and South Asia, where patrilineal inheri-
tance is almost universal, many Austronesian societies practice female-centric kinship
and inheritance, where land is passed from mothers to daughters the predominant
pattern of transmission among matrilineal cultures also practiced by many African
and Native American societie$. According to the Ethnographic Atlas (Murdock,
1967), 14% of the world's pre-industrial societies practiced matrilineal inheritance,
with shares ranging from 7% in the Circum-Mediterranean region to 20% in the Pa-
ci ¢ and pre-contact societies of North Americ&. Genetic, linguistic, and archaeolog-
ical evidence establish the ancestral prevalence of matriliny in Austronesia, dating as
far back as the original dispersal and settlement of Austronesian peoples into Oceania
around 5,000-4,500 BP (Jordan et al., 2009).

Austronesian societies also vary in the degree of unilineality, i.e., how strictly
descent is passed solely through one parental liffe. Accordingly, in our data, we
measure matrilineal prevalence as a continuous variablel,, which takes a value of
0 in exclusively patrilineal villages (41.5% of our sampled villages), 0.25 in villages
where patrilineal inheritance is dominant but not exclusive (26.8%), 0.50 in villages
where matrilineal and patrilineal inheritance are equally prevalent (7.3%), 0.75 in
villages where matrilineal inheritance is dominant but not exclusive (14.6%) and 1
in exclusively matrilineal villages (9.8%)'! The mean value ofMy, is 0.30, with a

lation sizes, and climatic variability (Giuliano and Nunn, 2021).

8In a minority of matrilineal cultures, property remains under male control, with land transferred
from a maternal uncle to his sister's son. This form of inheritance is concomitant with avunculocal
residence, where a male child is expected to join his maternal uncle's residence. Avunculocal residence
is a minority practice in matrilineal systems (Kopyto, 1977), prevalent in only 4.3% of societies
recorded in the Ethnographic Atlas, and absent in our setting. In line with this, in our sample,
uncles are hardly involved in their sisters' children's lives, even less so than unrelated individuals,
with no di erence by matriliny (Cassar et al., 2025).

®Matrilineal descent is presumed to have been more common before the adoption of livestock
and plough agriculture, with colonial institutions and Western legal systems further accelerating the
shift to patriliny (Holden and Mace, 2003). Other forms of inheritance recorded in the Standard
Cross Cultural Sample (SCCS; Murdock and White, 1969) include patrilineal inheritance, prevalent
in 40% of societies, or mixed systems of double (5%) or ambilineal descent (3%). The remaining
societies have bilateral descent without corporate kin group , recognizing relatives on both mothers'
and fathers' sides without forming the basis for permanent, property-holding collective entities.

10A similar situation is found in West and Southern Africa, in contrast with other parts of sub-
Saharan Africa, which have strictly unilineal structures.

1The matrilineal prevalence variable codes the village leader's answers to the question: How is
land inherited in this village? - (i) father; (ii) mother; (iii) both, but mostly father; (iv) both, but
mostly mother; (v) both, mother and father equally; (vi) other. We check the robustness of our
results to coding My, as a categorical variable (Figure 2).



standard deviation of 0.35.

Our context also o ers variation in patterns of post-marital residence (either in
the bride or groom's village) and in marriage practices, even within a given inher-
itance structure and ethno-linguistic group. Variation in post-marital residence is
common within other matrilineal societies (Kopyto , 1977)? We leverage the varia-
tion in post-marital residence and bride price in Section 6.3 to disentangle economic
bargaining power from other dimensions of female status.

Broader economic and social context. =~ The fragmented and remote geography of
the Solomon Islands creates prohibitive trade costs, making market access extremely
limited for most inhabitants outside the national or provincial capitals:®* As a result,
people rely overwhelmingly on subsistence horticulture and shing. In our sample, less
than 5% of respondents derive any income from paid work. On average, people work
in their gardens a couple of times a week and sell goods in the market roughly once
a month. Men sh a couple of times a week and women a few times a month. Only
7% of households in our sample have access to grid electricity, and 3% to improved
sanitation.

Limited disposable income, high trade costs, and low market development imply
the absence of market-based solutions for child care. Rural villagers do not have
access to books, manufactured toys, daycare centers, or electronic resources, with no
internet access.

This absence of books and written texts makes language the primary medium for
education. Children must learn through oral tradition about their environment, hor-
ticultural and shing techniques, as well as kinship, origin stories, genealogies, songs,
and spells and prayers, which are of high cultural signi cance and central to family
and village life!* Linguistic diversity also means that children have to learn multiple
languages, reinforcing the importance of speech investments for language acquisition.
Moreover, oral persuasion is an important source of social and political power, en-
abling the rise of so-called Big Men among relatively at political structures and

120ut of the 26 matrilineal societies in the SCCS, 69% have matrilocal residence. In the matrilineal
societies of the Paci c, the split is 50/50.

3In our sample, the main mode of transport is by ship or outboard canoe and, in general, access
to roads is extremely limited. The average travel time between a village in the sample and the
provincial capital is six and half hours, and the average travel time to the country's capital city is
two and a half days, leaving most communities isolated from major markets.

14 Anthropological research has documented the sophistication of oral traditions in the Solomon
Islands, some of which reliably extend back nearly 1,000 years (Sheppard et al., 2004).



further reinforcing the importance of oratory skills (Henrich et al., 2015).

Our focus on speech investment is thus particularly relevant for our setting. The
children in our sample have a median age of 2, a critical time for language acquisition.
Existing research is consistent with di erences in early language exposure having long-
lasting e ects ranging from language perception and production (Co ey and Snedeker,
2025) to academic achievement (Golinko et al., 2019) and emotional connection with
parents (Smith and Trainor, 2008).

3 Data

3.1 Sample and Data Collection

We collected data from June to August 2019 in 44 villages across two provinces of
the Solomon Islands, Western and Choiseul. Through public lotteries, we randomly
selected 20 individuals in each village (roughly 5% of the average village population).
To achieve representativeness at the village level and ensure that we had a su cient
number of couples with at least one child in the target age range (aged 6 months to
4 years old), we strati ed the sampling to select 5 married couples (5 women, 5 men)
and 10 additional individuals (5 women, 5 men). The full sample consists of 825
individuals, and the analytical sample of recordings includes 182 married couples, for
whom we surveyed both wife and husbantf. Appendix D details the survey measures.

In a few cases where the couple had more than one child within the target age range,
we included the additional children, for a total of 196 childrert® Table Al displays
descriptive statistics for the analytical sample. Children in our sample are 25 months
(median 24 months) on average, and 98.15% of children are 3 years old or younger.
Mothers are 29 and fathers are 33 years old, and have 3 children, on average.

3.2 Speech Measures from Neural Network Classi cation

We collected day-long child-centered recordings using a wearable device, an increas-
ingly used technique in early language development research (Lavechin et al., 2021).

15The sampling strategy aimed to recruit 44 x 5 = 220 couples in total. The nal sample is smaller
due to small population sizes in some villages.

18\We check that our results are invariant to dropping the 14 additional children, or to clustering
standard errors at the household level to account for correlated observations across siblings.



Children wore a t-shirt tted with two small breast pockets, each containing a USB
voice recorder. Parents were informed that the recorders would capture speech spoken
to and by the child, and assured that the content of their conversations would not be
listened to. Consent was near universal, with only one family declining participation.

We used two recorders per child to account for the fact that some devices may
stop functioning. In total, we obtained 377 recordings for 196 childreli. On average,
recordings lasted 15.4 hours (SD 4.3 hours, range 0.11 minutes - 24 hours). Fewer
than 5% of the recordings are less than 6 hours, which is similar by matriliny. We
provide more information on the recording technology in Appendix Section C.

Speech recordings. We analyzed recordings with a Voice Type Classier (VTC,
Lavechin et al., 2020). VTC is an end-to-end neural network trained on child-centered
corpora of children aged 0-4 years in multilingual environments, including Austrone-
sian languages, that match the conditions of our study. For every 10 ms frame, VTC
returns whether the key child (i.e., the child wearing the recording device), other
children, an adult female, or an adult male is vocalizing. A vocalization is de ned as
a sequence of frames where the relevant speaker vocalizes.

A precursor of this method, called LENA, has been used for over a decade in
the USA (for a meta-analysis see Wang et al., 2020) and in recent evaluations of
interventions promoting parental verbal engagement in Senegal (Weber et al., 2017)
and Ghana (Dupas et al., 2025). Our software solution relies on recent neural net-
work architectures that improve the accuracy of female and male voice classi cation
(Lavechin et al., 2020) and our hardware solution is better adapted to rural condi-
tions with no internet or electricity. In Appendix Section C, we discuss how VTC
compares with LENA and manual annotations performed on a subset of 384 1-minute
clips randomly sampled from the recordings.

Measures of parental speech investments. We construct four measures of
parental speech investments that capture the total quantity of speech, the quantity
of child-directed speech, and the quality of child-directed speech.

First, following standard practice in the eld (Cristia et al., 2020), we count the
number of vocalizations attributed to the relevant speaker (e.g., adult male or adult
female) across the entire recording. We divide this count by the total recording
duration and scale it to a 12-hour day (i.e., a typical waking day) to produce a

"For 16 children, one USB failed completely. One child used three devices after one failed a few
hours into the day and was replaced.

10



normalized per-day gure. These adult female and malgocalizations per day
constitute our main measure of parental investment In robustness exercises, we
consider alternative time ranges to best match actual patterns of awake vs. sleep
time. While these vocalizations include both speech directed to the child and speech
simply overheard by the child, prior work establishes that the overall quantity of
adult vocalizations is positively correlated with children's production of speech-like
vocalizations, which we verify in our datat®

We then construct both standard and novel proxies for the quantity and quality of
child-directed speech. We start with the standard measure commonly used in LENA-
based studies (see, e.g., Romeo et al., 2018; Dupas et al., 2025; Cunha et al., 2024),
the Conversational Turn Count  (CTC), which tallies child-adult or adult-child vo-
calization sequences. The aim of CTC is to capture conversations. However, because
it may count sequences that are not actually conversations, such as a child vocalizing
after an adult speaks, regardless of whether the child is responding, interrupting, or
simply talking to themselves, CTC is a noisy measure (Cristia et al., 2020).

To improve the measurement of speech directed to the child, we build on re-
search linking pitch to child-directed communication. Child-directed speech, often
called motherese or parentese, is universally characterized by higher pitch (Cox et al.,
2023). High-pitch speech captures young children's attention and promotes engage-
ment. Infants respond more positively to high pitch speech, reinforcing parental
use and fostering a feedback loop that enhances communication, supporting early
language development, turn-taking in conversations, and vocabulary growth (e.g.,
Saint-Georges et al., 2013; Ramirez et al., 2020). Pitch is also a strong predictor of
the emotional connection between caregiver and child (Smith and Trainor, 2008).

Drawing on these insights, we develop two new measures of child-directed speech
that combine temporal proximity (in the spirit of CTC) and pitch characteristics.
Speci cally, we identify adult vocalizations that occur within one second of a child
vocalization and compute the average pitch within each such vocalizatidh. Our

8A potential concern with this measure is that it might re ect proximity to the child rather
than actual stimulation. We measure time spent with the child and show that our results are not
mediated by how much time the father spends with the child.

19See Bergelson et al. (2023). In our data, children produce 60 (33) more vocalizations for every
100 female (male) vocalizations.

200n average, relative to the rest of the recording, adult female pitch is 1.1 standard deviations
higher and adult male pitch is 0.72 standard deviations higher within one second of the key child's
vocalization, con rming that parents in our sample raise their pitch in the presence of the child.

11



guality proxy, median pitch (or pitch for short), is de ned as the median of these
average pitch values for a given speaker type. Our quantity proxypcalizations at
high pitch , counts the number of vocalizations whose pitch exceeds that median for
a given speaker type.

The current state of technology does not allow us to distinguish speaker identity
beyond adult female, adult male, key child, and other children’'s voices. From hereon,
we consider female (male) vocalizations as mothers' (fathers') vocalizations. This
assumption may introduce measurement error, but it is reasonable given that children
in our sample spend the vast majority of their time with their parents. Other than
parents, children receive the most care from their maternal grandmother and from
neighbors and friends, who on average take care of the child between once a week
and several times a month in our sample (see Cassar et al. 2025 for more detail).
To ensure that our conclusions are not a ected by such potential measurement error,
we account for the frequency of care by female and male individuals other than the
parents in robustness speci cations!

Table Al presents descriptive statistics for the four measures of parental speech for
adult female (mothers) and adult male (fathers) speakers. Overall, mothers vocalize
more than twice as much as fathers, have more conversational turns with the child,
and more vocalizations at high pitch. Consistent with sex-based di erences in voice
qualities, mothers' median pitch is higher than fathers', but mothers alselevatepitch
more than fathers during a conversational turn with children, suggesting more intense
engagement with children when talking to thent?

Additional speech-based measures.  We build additional measures of parental
care and spousal communication from the recordings, which both constitute inno-
vations in the computational linguistics literature. We proxy overall parental care

by parental presence around the child, which we calculate from the calendar time of
speech logged in our speech recordings. In Appendix Figure Al, we show, for every
hour of the day, (a) whether an adult male or female speaks, and (b) the average

21We additionally show in columns 12 to 14 of Table A6 that care by people other than the parents
is unrelated to mothers' expected returns, matriliny, and their interaction. Potential measurement
errors, therefore, would be orthogonal to our main variables of interest.

22\WWhen we regress pitch on whether the mother or father is speaking during a conversational
turn with the child, the coe cient associated with the interaction between mother's voice and the
conversational turn is positive and statistically signi cant at the 1% level, and suggests that mothers
elevate their pitch by about 50% more than fathers when speaking to the child.
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number of male and female vocalizations. Speech is concentrated between 8 am and
10 pm. Both male and female speech occur consistently throughout the day, re ecting
the nature of economic activities that leave parents with small children for a large
part of the day. We proxy parental presence around the child as the number of hours
with at least 10 adult male (or female) vocalizations to proxy for the amount of time
the father (or mother) spends near the child. We also measuspousal conversations

as the daily count of adult male-female conversations that are not interspersed with
child speech (see Appendix C).

Parental speech as parental investment . Given the novelty of our parental
speech investment measures, we validate them using several direct and indirect prox-
ies of parental investment collected for a subset of childréA. These proxies include:
() the duration of breastfeeding, a standard indicator of maternal investment (Jay-
achandran and Kuziemko, 2011); (ii) child BMI, which re ects both maternal prenatal
investment and, in low-food environments, paternal provisioning; (iii) child cortisol
levels from hair samples, a biomarker of socio-emotional well-being linked to parental
care and attachment (Doom et al., 2018); and (iv) the maternal child loss ratio (chil-
dren deceased over children ever borff),a long-run indicator related to early-life
maternal investment (Almond and Currie, 2011).

Across these measures, we consistently nd that greater parental speech invest-
ment is associated with better child outcomes (Table A2). Breastfeeding duration
is positively correlated with all maternal speech measures. Child BMI is strongly
and signi cantly associated with paternal speech (total vocalizations, vocalizations
at high pitch, conversational turns) and with maternal total and high-pitch vocal-
izations. Maternal speech, especially high-pitch vocalizations, is positively correlated
with child socio-emotional well-being. Finally, mothers' speech investments are neg-
atively and signi cantly associated with the child loss ratio.

Z3Hair samples were collected only in Western Province because enumerators in Choiseul had to
transport all materials and food supplies on a multi-week round trip with no intermediate storage,
making it impractical to carry biosamples. Due to enumerator error, some breastfeeding and BMI
data are also missing for some children.

24The average maternal child loss ratio in our sample is 3%, in line with national statistics in the
2019 Census of 3.3% and 3.9% under- ve mortality rate in Western and Choiseul.
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3.3 Expected returns and costs of child-directed speech

We measure both mothers' and fathers' beliefs about the returns to speaking to
children by eliciting subjective probabilities that a child achieves a language devel-
opment milestone under two hypothetical scenarios: frequent communication (high
investment) and infrequent communication (low investment) from the caregiver. Fol-
lowing standard practice in low-income settings (Delavande, 2023), respondents were
provided with 10 beans to express their beliefs in a probabilistic format, where each
bean represents one chance out of 10. The language milestone was that a child strings
together 2-3 words by the age of 2, as in Bhalotra et al. (2025). Data Appendix D
details the exact wording, and Appendix B.1 discusses the data in more detail.

Appendix Figure A2 shows considerable heterogeneity in parental beliefs. Parents
expect a higher probability of a child speaking 2-3 words by age 2 under the high
investment scenarid®> We transform the data into expected returns by taking the
di erence in expected outcomes between the high and low investment scenarios at the
individual level. Men and women expect, on average, that frequently talking to the
child, as opposed to rarely, will increase the likelihood of the child speaking sentences
by age 2 by 43 percentage points. The distribution of expected returns is similar for
mothers and fathers (p-value of 0.483 on a Kolmogorov-Smirnov test of equality of
distributions shown in panel (a) of Figure 1).

Within couple, there is substantial heterogeneity in expected returns. This dis-
tinction is crucial: if parental beliefs were perfectly correlated, we would be unable to
identify their respective in uences on parental investment or the in uence of spousal
bargaining power. Correlation in parental returns could stem from assortative match-
ing on beliefs, spousal communication or persuasion, or learning from a shared envi-
ronment (including their child's speci c ability). However, the raw correlation in our
data is only 0.009. Panel (c) of Figure 1 displays the complete distribution of couples
according to each partner's return. Very few couples are along the 45-degree line,
where the distribution would fall if beliefs were perfectly correlated. The observed
heterogeneity in beliefs, combined with limited correlation within couples, suggests
that parents rely on di erent information sets and/or process the same information

25For both mothers and fathers, the mean answer is 7 in the high-investment scenario and 3 in
the low-investment scenario. In the US context, 72% of children speak partial sentences by age 2
(Cunha et al., 2022), suggesting that our respondents’ average expectations are well calibrated. We
present additional data quality checks in Appendix B.1.
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di erently to form expectations.?®

We also elicit mothers' and fathers' perceived cost of talking to their child on a
scale from 0 to 10 (see Appendix D). Perceived costs are slightly higher for mothers
compared to fathers (p-value of 0.005 on a Kolmogorov-Smirnov test of equality of
distributions, see Panel (b) of Figure 1). Spousal correlation in costs of speech is
slightly higher than for returns, but still low (0.221), and the distribution of spousal
costs in Panel (d) in Figure 1 shows a wide dispersion of perceived costs within
couples.

3.4 Descriptive facts
We establish four facts about matrilineal inheritance and parental investments.

Fact 1. Fathers talk more to children in matrilineal villages, but mothers

do not.

Mothers invest more in parental speech than fathers. However, mothers' investments
do not vary with matriliny (Table 1, column 1). By contrast, fathers invest substan-
tially more in parental speech in matrilineal villages, by 27.15% on average (column
2). Panel (c) of Figure Al further illustrates this pattern: at every hour of the day, the
paternal investment distribution in matrilineal villages lies above that in patrilineal
villages (even though fathers appear to be present at similar times of day).

Fact 2: Women in matrilineal villages enjoy advantages within the house-

hold consistent with higher female bargaining power, within identical socio-

economic, political, and cultural contexts.

Panel A of Table 2 shows that women in matrilineal villages enjoy more leisure time,
marry later (by an average of 1.7 years relative to a mean of 22 years), and share
less with their spouse in a dictator game, an indication of a greater economic power
within the household (Gnagey et al., 2018). Column 4 and 5 show how the distribution
of household assets is tilted towards female preferences, with matrilineal households
more likely to own a toilet and a stove (Panel A), but not an outboard motor or mo-
bile phone (Panel B). Together, these results suggest a positive relationship between

26prior research documents learning from social networks, often gendered in structure, about child
outcomes (e.g., Sandberg 2006; Bellue 2024). As shown in Table A3, mothers with more kin in the
village and who take care of other children more often expect higher returns to speech, suggesting
that exposure to other children, whether through caregiving or kin networks, may in uence beliefs
by providing observational learning opportunities about the e ectiveness of speech.
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matriliny and female bargaining power, consistent with existing literature (Lowes,
2022) and ethnographic evidence (Stege, 20G8).

Yet, matrilineal women are identical to patrilineal women in terms of other socio-
demographic characteristics, such as age or cognitive ability (columns 6 and 7), partic-
ipation in productive activities (columns 8 and 9), participation in formal governance
structures (column 10), and social preferences (columns 11 and 12). Panel B shows
no di erence in any of the outcomes for men, con rming the absence of broad socio-
demographic, economic, political or cultural di erences by matriliny.

Fact 3: Expected returns and cost do not vary by matriliny.

Table 1 (columns 2, 3, 6, 7) shows that neither mothers' nor fathers' expected returns
and costs vary by matriliny. This indicates that inheritance systems do not generate
systematic di erences in how parents evaluate the returns or costs of parenting.

Fact 4: There is no di erence in assortative matching, learning, quality of

the spousal match, or spousal communication by matriliny.

Columns 9 and 10 of Table 1 show that the within-couplgap between mother's
and father's expected returns, or costs, do not vary by matriliny. This gap captures
both assortative matching on expected returns and costs of parental investments as
well as learning from each other or a shared environment. Column 11 additionally
shows the absence of di erence in assortative matching in terms of cognitive ability
by matriliny, ruling out spousal cognitive ability as a potential driver of paternal in-
vestment di erences across matrilineal and patrilineal villages. Consistent with the
absence of broad cultural di erences across matrilineal and patrilineal villages and
the absence of di erences in assortative matching, we observe no di erence in either
spouse's tendency to compete with one another, a measure of spousal cooperation
(Lowes, 2022), suggesting that household harmony does not vary with matriliny in
our context (columns 4 and 8). Further, column 12 shows that levels of spousal com-
munication are also identical across inheritance structures, ruling out that paternal
investments in matrilineal villages are driven by more talkative fathers in general, or
by spousal conversations not directed to the child.

27 As stated by a woman of Palau island, in Micronesia, the women here are so sure of themselves
.. maybe it's that we know for sure that we have land ... Even if | don't get land from my husband,
| still have it from my mother and nothing can change that (cited in Stege, 2008).
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4 A stylized model of parental speech investments

To understand why fathers invest more in parental speech in matrilineal villages
while mothers do not, we present a stylized model of intra-household allocation of
parental investment showing the role of bargaining power, parental expectations about
child development, and parental cost of investment. Matriliny may a ect parental
investments through multiple channels, but the descriptive facts indicate that it does
not in uence assortative matching, perceived returns, perceived costs, or opportunity
cost of time. Motivated by this evidence, we abstract from marital choice, and model
matriliny as operating primarily through a shift in intra-household bargaining power,
highlighting in particular the interaction between expected returns and bargaining
power. We build on the seminal collective model of Chiappori (1988), which starts
from the basic assumption that, in a multi-person household, household members
have their own utility functions but cooperate in a bargaining process that results in
a Pareto-e cient allocation.

We consider a household with a mothem, a father d and one childc. Each parent
i derives utility from the child's human capital, proxied by language development,
and incurs a cost represented by a twice-di erentiable convex cost functio@;(x;)
associated with their time-intensive investmenk;. Parent i's utility is given by:

Uxi; )= 1 Ci(xi); i=m;d 1)

where! ; is parenti's utility associated with the child's language developmert

The cost functionC;(x;) incorporates both the direct e ort cost of investment and
the opportunity costs of foregone productive time. Fact 2 (similar economic activities
by matriliny) suggests that systematic di erences in opportunity costs of time are
unlikely. We therefore treatC;(x;) as a reduced-form cost that captures all e ort and
time costs without modelling time allocation explicitly. In Appendix B.2, we extend
the model to incorporate time-allocation choices, allowing the opportunity cost of time
to arise endogenously from economic activities and vary by matriliny. Importantly,
the main comparative statics regarding expected returns, costs, and bargaining power
continue to hold.

Looking at the household decision-making, we assume a collective model in which

28The assumption of linear utility in the child's language development is made for expositional
clarity. All comparative statics continue to hold if ! () is strictly increasing and concave.
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the household utility function is a weighted sum of the mother's and father's expected
utility function, U, and Uy respectively:

U=z Up+(@ )Uqg (2)

The parameter , often referred to as a Pareto weight, captures the relative im-
portance given to the mother's utility in the couple's utility function. In our main
analysis, is assumed to vary with the inheritance structure in the village where
the couple lives. In further analyses, we also consider bride price and having inher-
ited land as Pareto weight shifters. The key characteristic of the collective model is
that household decisions are e cient. This e ciency is achieved by maximizing the
household utility function U subject to household constraints. As standard in these
models, we assume common knowledge of individual preferences and expectations.

The household faces a language production function constraint. The objective
production function of child c's language is as follows:

(X 0= ot 10t X+ g (3)

where g is the child's human capital endowment at birth,x is the total investment
received by the child, and . denote a mean-zero variable unknown to the parents
at the time the investment decision is made. The parameter, is a constant term,
the parameter ; captures the productivity of initial endowment, the parameter ,
measures the elasticity of the investment in producing language development, while
¢ are unexpected shocks that in uence child development, such as the onset of an
illness?°
The standard model assumes that parents know the actual production function.

We relax this assumption and allow each parent to have their own subjective expecta-
tions over the parameters describing returns to investment. The production function
that parent i perceivesis given by:

i(X; 0)= ot k10t i2X+ 4, i=m;d; 4)

where i; are individual-speci c beliefs about the production function parameters,

29Existing work typically assumes linearity, CES or Cobb-Douglas production function (e.g.,
Cunha et al. 2022; Tincani et al. 2022). We discuss robustness to relaxing the linearity assumption
in Appendix B.2.

18



X is the total investment received by the child from both parents, and; is a zero-
mean variable that captures beliefs uncertainty and is independent of investments.
The assumption that the subjective production function depends on total investment
X supposes that father's and mother's speech inputs are perfect substitutes. This
simplifying restriction is not essential for our results: the same comparative statics
hold under any speech aggregatof X ;Xq) that is increasing in both inputs.

Given these beliefs, parent's expected utility is based on their own perceived
production function, formulated as:

BUXi; i(Xa+ Xm; 0)) = il ot i1 0+ i2(Xat Xm))  Ci(xi); 1= m;d: (5)

The couple will choose the investment levels; and x,,, to maximise the household
expected utility subject to two e ort constraints x;  X;;i = m;d. The expected
household utility function is given by:

EU= !m mot miot m2(Xm* Xa)  Cm(Xm)

+(1 )'a got a1 0t da2(Xm+ Xq)  Cy(Xa) :

Assuming an interior solution, the rst-order-conditions (FOCs) with respect to
Xm and Xq4 are given by:

e (R C RYCHIN PP ©)
%—:: I m;2+(1 )(Id d:2 Cg(xd)):(): (7)

These FOCs rst establish that the optimal investment strategy of a parent is
increasing in both their and their spouse's expected returns,., and 4., and de-
creasing in their own marginal cost. The FOCs also show that the father investment
is increasing in the mother's Pareto weight (and vice versa for mothers).

We are interested in how the father's investmenky responds to changes in the
mother's belief parameter .,. We use implicit di erentiation on the FOC for x4
with respect to ,.2:

@
@m;z

Solving for 2%, we have:

( ! m m;2 + (1 )(I d d;2 Cg(xd))) =0: (8)
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@x 'm

@m;2 - (1 )ngxd):

(9)

Thus, the responsiveness of the father's investment to the mother's beliﬁ%
is increasing in her pareto weight (and vice versa for mothers). This means that
paternal investment will be more responsive to the mother's expected return when
she has higher bargaining power.

The model is simple, designed to pro le parents' decision-making process over their
respective time-intensive investment in children and the role of bargaining power and
beliefs. Our model omits other potentially important aspects, such as multidimen-
sional skills, the role of nancial inputs, the child's agency, and labor force participa-
tion. These simpli cations are suited to our context. Our focus is on early childhood
(6 to 48 months), where the child has yet no agency and speech development is the pri-
mordial skill, and in a subsistence economy context, where opportunities for nancial
investments in children and formal employment are limited.

In Section 5, we estimate the optimal maternal and paternal investment by ex-
ploiting unique data on parental investmenty and xn,, parental beliefs 4, and .2
and shifter of the Pareto weight .

5 Estimation and Results

5.1 Model Speci cation and Identi cation

Our objective is to estimate the optimal parental investments given by equations (6)
and (7). To ensure tractability, we impose several parametric assumptions. First,
we assume that the convex cost function is given bgi(x;) = 1% + i;zg; i1

0; 2 0 Under this functional form assumption, the optimal level of investment
X, and x4 are linear in perceived returns and given by:

! 1 !

Xn = —= m2+t(——)—= a2 m (10)
m; 2 m; 2

Xg= — d2+( 1 )— m2 d (11)
d;2 d;2

where ; = '—il = m;d:
Second, we assume that the cost parameters, and 4 are a linear function
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of the individual perceived cost of talking to children (see section 3.3), as well as
parent, child, and household characteristics, which we describe below, so that:=
1iCi+ iXjgn;i = m;d:

Third, we rely on matrilineal inheritance as a bargaining power shifter. In particu-
lar, we assume that;— is linearly related to the prevalence of matrilineal inheritance
in the village such that: t— = My, > 0 (implying *— = ),% so that the
mother's Pareto weight is increasing in matrilineal inheritance prevalence.

Fourth, we assume there is an additive measurement error in our parental speech
measures. This error is assumed to be normally distributed with a mean of zero. Since
the measurements of maternal and paternal investments are derived from the same
recording, we allow for the possibility that the measurement errors may be correlated
between maternal and paternal investments.

Our parametric assumptions yield optimal investments in equations (10) and (11)
that are linear in expected returns and perceived costs. These expressions can be
interpreted as linear approximations to the true optimal investment rules (Keane and
Wolpin, 1997). We assess the robustness of our estimates to alternative assumptions
in Appendix Section B. In particular, we relax the linearity assumption of the subjec-
tive production function of language and consider di erent speci cations of the cost
function. We also allow for spousal altruism and for di erent functional forms of the
relationship between matrilineal inheritance and female bargaining power, namely
relaxing the linearity assumption.

We estimate optimal parental investments using Seemingly Unrelated Regressions
(Zellner, 1962):

1
Speechch = @m+ 1m m2+t 2m a2t smyg— a2t am—
M M (12)

+ 1;mCm + me;c;h + m;c;h
Speechch = ag+ 1d d2t 2d m2t 3dMh m2+ 44dMn

+ 14Ca+ aXgeh t dchs

(13)

with oM micih; dich) =  mid-

30The 1=M;, term in the mother's investment equation creates a singularity issue for purely patri-
lineal villages. We replaceM;, = 0:1 when My = 0 to take the ratio. We acknowledge this potential
limitation of the linear approximation and consider alternative speci cations in robustness, including
a logistic speci cation, which show the main results are not sensitive to this functional form choice.
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The dependent variableSpeech.., is a measure of speech by paremtto child
c in householdh. Because each child wore two USB devices, we construct child-
level averages, weighted by the recording duration, for each measure. We estimate
separate systems for the four speech outcomes. The terqy is i's beliefs about
the returns to speaking to children’® The variable M;, measures the prevalence
of matrilineal inheritance (hereafter, matriliny) in the village. The term C; is the
reported perceived cost of talking to children. The vectoX;., captures how the
cost of talking to children varies with parent, spouse, child, and household level
characteristics, including the child's age and gender, parent age, occupation, and
cognitive ability, household wealth, the number of children in the household, and
whether the recorded child is the father's biological child We include a set of
province xed e ects throughout, omitting the province subscript for simplicity, and
cluster standard errors at the village level. We weight each child-level observation
by the sum of the recording durations to account for heterogeneity in the length
of recordings, driven by random technical or incidental factors, that may a ect the
precision of our estimates.

Comparing the optimal investment rules in equations (10) and (11) with the es-
timating equations (12) and (13) clari es which parameters of the structural model
are identi ed and how. Because we observe separate belief measures for mothers and
fathers, and because these beliefs display substantial within-couple heterogeneity, we
can exploit this intra-household variation to identify how each parent responds to
(i) their own beliefs and (ii) their spouse's beliefs. The coe cients on own beliefs,

i = '—'2 therefore capture the structural responsiveness of each parent's investment
to their own perceived returns and are expected to be positive.

Identi cation of the bargaining power mechanism relies on both cross-village vari-
ation in matriliny My, which shifts the ratio -— but does not a ect beliefs or costs

311f parental investments are perceived as perfect substitutes, the expected return is a measure
of ;.. If parental investments are perceived as imperfect substitutes, the expected return is a
weighted average of the subjective elasticities of father's and mother's investments in the child
language production function.

32Since our eldwork took place in the context of the roll-out of an RCT about child-directed
speech, which targeted either mothers or fathers, we also control for treatment assignment in all
speci cations. All the variables we used were measured pre-intervention. Treatment assignment is
balanced by matriliny (P-value of 0.801 for the coe cient on mother treatment condition, and 0.986
for father treatment condition, where My, is the dependent variable) and was implemented after we
measured subjective beliefs and costs. We were unable to collect follow-up data on the intervention
due to COVID-19 and the country's shutdown.
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(consistent with Fact 3), and on within-village variation in expected returns. The
interaction coe cients, 34 = % and 3, = % !msz, thus measure how responsive
each parent is to their spouse's beliefs at high versus low spousal bargaining power.
These coe cients map directly into the model parameters and are predicted to be
positive.

To identify interaction terms between spouse's beliefs and matriliny, the corre-
sponding main e ects must also be included. These main-e ect coe cients §; and

4i) absorb baseline variation in spouse's beliefs and matriliny but do not have a

structural interpretation.

Variation in perceived costsC; and observed characteristicX ..., identi es the pa-
rameters ;i and i, which determine how the cost term ; in the rst-order condition
varies across individuals. These parameters capture how perceived and observable
factors make investment e ectively more or less costly for each parent.

The model therefore identi es the structural ratios governing how beliefs, costs,
and bargaining power in uence investments. Under our assumptions, the model pre-
dicts that parents increase investment when they expect higher returns;( > 0),
higher perceived costs reduce investment {; < 0), and the responsiveness to a
spouse's beliefs is increasing in spousal bargaining powes{ > 0 and 34 > 0).

5.2 Results

Before turning to the structural model, we describe how parents' vocalizations vary
with their own expected returns and costs, and with their spouse's expected return
and bargaining power.

Column 1 of Table 3 (Panel A for fathers and Panel B for mothers) reveals an
asymmetric pattern across genders in the relationships of parental investmentsaan
returns and costs. Fathers' investments do not respond to own expected returns, but
rather are driven only (negatively) by own costs. In contrast, mothers' investments
respond positively to own expected returns but not to own perceived costs.

33Quantitatively, a one standard deviation increase in fathers' perceived costs is associated with a
0.11 standard deviation decrease, whereas a one standard deviation increase in mothers' returns is
associated with a 0.13 standard deviation increase in vocalizations. The p-value for the di erence in
return coe cients across genders is 0.065; for cost coe cients, 0.102. These patterns are unlikely to
be driven by greater measurement error in fathers' perceived returns: the distributions of mothers'
and fathers' return beliefs are statistically similar, and fathers are no more likely than mothers to
violate monotonicity in the practice probability question (Appendix B.1).

23



Column 2 of Table 3 additionally considers spouse's expected returns. The co-
e cients associated with spouse's returns are small and statistically insigni cant,
both for fathers and mothers, indicating that spousal beliefs about returns do not
a ect individual investments, on average. In addition, and consistent with Fact 1,
the coe cient associated with female bargaining power Nlatriliny ) is consistently
positive, large, and statistically signi cant in predicting fathers' total vocalizations,
while mothers' total vocalizations are not responsive to male bargaining powel/iMa-
triliny ).

We now turn to the structural model, which illustrates the mechanism through
which matriliny increases paternal investment. Column 3 of Panels A and B of Table
3 presents the estimation results of Equations (12) and (13). The key mechanism
emerges from fathers' responses to mothers' beliefs. The coe cient on the interaction
between mothers' expected returns and matriliny (Panel A, column 3) is positive
and statistically signi cant at the 5% level. This aligns with the model prediction:
when women hold greater bargaining power, their expected returns exert a stronger
in uence on fathers' investments. The magnitude is large. A one standard deviation
increase in mothers' returns is associated with a 0.39 standard deviation increase in
fathers' speech in matrilineal villages.

For mothers, the coe cients associated with fathers' returns are insigni cant,
regardless of bargaining power. Together with the result that fathers' investments
are unresponsive to their own returns, this suggests that fathers place relatively low
value on language development, and therefore do not leverage their bargaining power
to elicit maternal speech investments, rationalizing why maternal investments do not
vary by matriliny.

For additional exibility, column 4 augments column 3's speci cation to allow
for own preference and direct cost parameters to vary with bargaining power. The
results are similar. If anything, the main coe cient of interest associated with the
interaction between matriliny and mothers' returns in driving paternal speech invest-
ments is larger in magnitude and more precisely estimated. Table A4 displays all the
coe cients associated with each of the included cost shifters. Mother vocalizations
decrease with child age (at a decreasing rate) and older mothers vocalize more. Fa-
thers' vocalizations are driven only by the interaction between mothers' bargaining
power and mothers' beliefs.

34To be precise, this evidence is consistent with a Iow%.
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As shown in Table A5, the results become larger in magnitude and more precisely
estimated when we restrict recordings to intervals that best correspond to times when
the child is awake (based on Figure Al). This pattern is consistent with parental
vocalizations during these periods being more likely to capture speech investments.

Since our framework reveals that the main dynamic of interest is betwegaternal
investments andmothers bargaining power and expected returns, we henceforth focus
on paternal investments. Nevertheless, given that the estimates also con rm that
measurement errors are correlated across maternal and paternal investments (tife
of a Breusch-Pagan test of independence in column 4 is 44.71 with p-value< 0.001),
we maintain our joint estimation strategy. We present the most exible speci cation
that corresponds to our model, as in column 4 of Table 3.

We examine other measures of quantity and interaction quality of paternal speech
investments in Table 4% For CTC, the coe cient associated with the interaction be-
tween mothers' returns and matriliny is positive but imprecisely estimated, consistent
with an attenuation bias due to measurement errors in the CTC measure discussed
in Section 3.2. However, it is positive and statistically signi cant for paternal vo-
calizations at high pitch (column 2) and paternal pitch (column 3), implying that
both the quantity and the quality of paternal child-directed speech are more respon-
sive to mother's returns when women have more bargaining power. A one standard
deviation increase in mothers' returns is associated with a 0.27 standard deviation
increase in the number of fathers' vocalizations at high pitch and a 0.44 standard
deviation increase in fathers' pitch in matrilineal villages. These results suggest that
the increased paternal speech investment induced by mothers with higher returns in
matrilineal villages is both child-directed and more engaging.

Finally, we allow matriliny to exibly shift bargaining power using categorical
variables for inheritance systems. Figure 2 shows a monotonic increase in the re-
sponsiveness of paternal investments with respect to mothers' returns as matriliny
prevalence rises, con rming that our conclusions are not an artifact of the functional
form for My,.

We also examine whether paternal investments vary by child gender by augmenting
Equation (13) with a triple interaction of maternal returns, matriliny, and female child
to allow for the preference parameter for language development to dier by child
gender. The results in Table A8 show that paternal speech induced by high-returns

35Table A10 shows evidence of good model t for both parents and all speech outcomes.

25



mothers in matrilineal villages is primarily directed toward girls3®

6 Threats to identi cation of the main mechanism

This section further supports our interpretation of the mechanism through which
female bargaining power a ects paternal investment. We rule out that our results are
driven by key confounders, distinguish speech from general care, and show that the
e ects are speci ¢ to economic bargaining power.

6.1 Confounders of maternal beliefs in matrilineal villages

Because we identify 3.4 (Wwhich captures how the father's responsiveness to the mother's
expected return varies with her bargaining power) through the interaction of mothers'
expected returns and matriliny, a concern is the presence of potential confounders that
systematically vary with this interaction. For example, women with more bargaining
power and higher returns may systematically marry spouses who speak more to the
child (e.g., because they have low cost or high return) or are more conversational in
general; or they may have children who elicit more paternal speech.

In Panel A of Table A6, we regress fathers' characteristics on mothers' returns,
matriliny, and the interaction between the two. The results show that the husbands
of high-returns matrilineal women are observationally similar to other men in terms
of returns and costs of child-directed speech, age, formal education, income source,
leisure, social preferences, from whom they receive help with childcare, or their in-
migration status. Similarly, Table A6 shows that thechildren of high-returns matri-
lineal women are also observationally similar to other children (columns 1 and 2). As
shown in Panel B, high-returns matrilineal womerthemselvesare not observationally
di erent from other women, along a wide range of characteristics, including fertility
(thereby ruling out a quantity-quality tradeo as an alternative mechanism), as well
as age, education, economic activity, leisure, social preferences, or how much help
with childcare they receive from various caretakers. Overall, other characteristics of
these women, their children, or husbands are unlikely to confound our result. Using

36The coe cient associated with the triple interaction is positive and precisely estimated for total
vocalizations with our continuous measure of matriliny. For other speech outcomes, the estimates
are less precise using the continuous measure, but are statistically signi cant when using a binary
indicator for purely matrilineal villages in columns 4-6.
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our novel measure of spousal conversation from the recordings, Table A7 shows no dif-
ference in spousal conversation driven by high returns mothers in matrilineal villages,
and further shows that our results on paternal speech are robust to conditioning on
spousal conversations.

To gauge the possible in uence of other, unobservable dimensions of the couple
or their child, we perform a randomization inference test, in which we randomly
reassign the mother's returns over 1,000 repetitions. In this procedure, we keep all
other dimensions of the match between a husband and wife, as well as the child's
characteristics, constant and only systematically vary the mother's returns. Figure A4
shows that our estimated coe cients of interest on the interaction between mother's
returns and matriliny are well outside the range of coe cients estimated from the
random reassignments.

6.2 Father's presence versus speech investment

Women with bargaining power may be able to elicit more paternal care overall. If
so, do our results simply derive from paternal care or do they truly re ect a domain-
speci c response to maternal beliefs?

Using our recording-based measure, Column 1 of Table 5 shows that fathers spend
more time with their children in matrilineal villages. However, this outcome does not
vary with mothers' expected returns in matrilineal villages (column 2). In other
words, all women with higher bargaining power elicit more paternal care, but only
mothers with higher expected returns elicispeci ¢ investments in speech. We further
show that our results on speech investments are robust to conditioning on the amount
of time fathers spend with their children (columns 3-5 of Table 5). Together, these
results con rm that our speech measures capture targeted investments, not simply
time spent around children, and that paternal investments respond speci cally to the
domain of maternal beliefs.

6.3 Mothers' economic power as the driver of investment

Matrilineal inheritance may capture female status, beyond economic bargaining power.
To isolate the role of economic power from other dimensions of female status, we lever-
age variation along both individual inheritance and residence patterns.

Under matrilocal residence patterns, newly married couples reside in the bride's
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village after marriage (see, e.g. Bau 2021). Women have closer access to their kin
in matrilocal places and higher social status, but not necessarily more land or assets
that would confer economic bargaining power. Fifteen percent of the villages in our
sample are matrilocal (with the remaining patrilocal), about half of which are also
primarily matrilineal ( M, more than 0.5). This variation enables us to separate
the in uence of status and kinship networks from economic bargaining power. Even
columns in Panel A of Table 6 report the estimation results of Equation (13) for our
outcomes of interest replacing/;, by a dummy variable taking value one if the village

is matrilocal. In contrast with matrilineal inheritance, we do not observe higher
paternal speech investments in matrilocal villages, even when mothers expect high
returns. Odd columns show that all our results on matrilineal inheritance and both
guantity and quality of paternal speech are robust to conditioning on matrilocality,
even when matrilocality is also interacted with beliefs.

We o er direct evidence on individual women's economic power in Panel B of
Table 6. In columns 1 to 3, we rst leverage variation stemming from quasi-random
variation in whether a woman has lost a parent, which generates variation in whether
she has already inherited land. We re-estimate Equation (13) replacig, by an
individual level variable that takes value one if the woman has inherited land. Relying
on such individual level variation enables us to augment our speci cation with village
level xed e ects so that we compare, within a village and traditional inheritance
structure, women who have highealized economic bargaining power vs. women who
have not (yet) inherited. The results show that higher quantity of paternal investment
is driven by high returns women who have already inherited land. They also rule out
that unobservable village level variation drives our main results.

In columns 4 to 6, we rely on another source of within-village, individual female
economic bargaining power, stemming from marriage practices. The practice of bride
price has been associated with higher educational investments in girls (Ashraf et al.,
2020) and higher bargaining power and more autonomy conferred to women (Ander-
son, 2007; Lowes and Nunn, 2018). In our sample, 34.23% of women have received a
bride price at marriage, with traditional money (consisting of shell money, porpoise
teeth, or feathers) as the main form of payment! The practice of bride price is
uncorrelated with the prevalence of matrilineal inheritance at the village level (raw

37For the remaining 63.76% of marriages, no exchange of money or goods took place, and in 2.01%
of the cases, there was a reciprocal gift exchange.
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correlation: 0.005) but more prevalent, although not universal, in patrilocal villages
(raw correlation: 0.28), consistent with the ethnographic record (Anderson, 2007).
Results show that the husbands of high returns women who have received a bride
price talk more to their child and do so at a higher average pitch, with the measures
of total vocalizations and pitch statistically signi cant at the 5% level and results for
vocalizations at high pitch close to standard levels of statistical signi cance.

7 Robustness to modeling and speci cation choices

In this section, we assess the robustness of our results to alternative theoretical as-
sumptions about expected returns, Pareto weights, utility functions, and costs.

We rst provide non-parametric evidence by plotting the distribution of fathers'
vocalizations according to matrilineal inheritance and mothers' expected returns. Fig-
ure A3 shows that the median, 25th, and 75th percentiles of fathers' vocalizations
are higher for men married to high returns mothers in matrilineal villages. Median
vocalizations by fathers married to high returns mothers in matrilineal villages are
one standard deviation higher than median vocalizations in any other group. These
non-parametric di erences indicate that the patterns we document are not driven by
functional-form assumptions or by outliers.

In Appendix B.1, we discuss the quality of our probabilistic beliefs data, and
the robustness of our results to alternative modeling choices for beliefs that address
potential measurement error. Table B1 shows that our conclusions remain unchanged
after excluding the small number of respondents who violate the monotonicity of
probabilities in practice questions, incorporating observations with negative returns
to investment in speech, excluding observations with missing returns or costs, and
addressing potential measurement errors in beliefs by averaging across our primary
measure of returns to speech and alternative metrics, as in Cunha et al. (2022) and
Bhalotra et al. (2025). We also provide evidence on the extent of within-village
variation in beliefs and costs across various types of inheritance practices, showing no
spatial clustering in the distributions of beliefs and costs (Figure A5 and Table A9).
Another potential concern is that people ex-post rationalize their beliefs, for example,
reporting low returns to justify the low investments they made due to their high costs.
The correlation between beliefs and cost is positive and very low (0.0126 for mothers
and 0.0391 for fathers), limiting this concern.
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We then consider robustness to alternative assumptions about Pareto weights.
We have already discussed the results when we exibly shift the bargaining power by
using categorical variables for each inheritance system (Figure 2). In Section B.2 of
the Appendix, we consider alternative functional forms for the relationship between
Pareto weights and matriliny, including relaxing the linearity assumption betweep—
and M. Under some of these alternative speci cations, the preference parameters
are overidenti ed and we estimate them jointly out of the two optimal investment
equations. Results in Tables B3 and B4 show that our results are robust across all
measures of paternal investments.

We also consider alternative assumptions about the agents' utility function. We
rst consider spousal altruism, allowing individuals to internalize their spouse's cost
of parental speech, with altruism parameter that can also vary with matriliny. We
then relax the linearity assumption in the subjective language production function
(Equation 4). All our results carry through (see Table B5, Section B.2 and Table
B6).

We nally consider di erent assumptions about the cost function. In Table B7,
we rst show that our results are insensitive to the choice of conditioning variables
entering the cost function. Our results are almost identical without any child or
parent-level variables entering the cost functions (columns 1, 2, with column 3 as
baseline for comparison), with more exible speci cations of the cost function, allowed
to vary by matriliny (column 4), when the cost also accounts for the amount of care
that the child receives separately from caretakers other than their parents or for
whether the child has a big sister (columns 5, 6§, when parents' costs depends on
the day of the recording (by conditioning on date xed e ects, column 7), or when
accounting for unobserved heterogeneity across linguistic groups with language xed
e ects (column 8). In column 9, we include vocalizations by children other than
the key child in the cost function, since inputs by other children may crowd out or
substitute for parental investments. Again, our results are unchanged. Columns 10-13
further demonstrate that our ndings are stable when we account for other potential
determinants of parents' opportunity cost of time, such as the presence of a market,
a primary school, or the village's governance structure.

38Considering care by other caretakers also accounts for the possibility that the recorded vocal-
izations may not be from the child's parents. The results are robust and close in magnitude to our
main estimates, suggesting that such potential measurement error does not in uence our results.
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Lastly, we show that our results are robust to di erent assumptions about the
structure of the error terms and sample (see Appendix B.2).

8 Conclusion and Policy Simulations

This paper studies the intra-household allocation of speech investments in children.
We document large gaps in speech investments in children between mothers and fa-
thers. Yet, we show that female bargaining power can tilt the division of parental
investment. Fathers invest substantially more in matrilineal communities, and we
identify the mechanism underlying this pattern: when women hold greater bargain-
ing power and believe that speech matters for child language development, they elicit
more, and more engaging, speech from fathers. We show that these results are unlikely
to be driven by assortative matching between parents, learning, or communication,
by other characteristics of parents and children, or by unobservable village, part-
ners, or child level di erences. Paternal investment does not simply re ect higher
paternal care but speci c investment that matches the mother's beliefs. We provide
further evidence leveraging individual-level variation within villages and inheritance
structures that singles out the role of female economic bargaining power from other
dimensions of female status. Altogether, our results suggest that women with greater
economic power are able to elicit from their spouses the investment that they believe
are productive.

We use the estimated structural parameters to simulate how mothers and fathers
respond to three policy levers: providing information to mothers, lowering fathers'
costs of talking, and increasing women's bargaining power (Table 7). Column 1 re-
ports the baseline predicted by our model. Column 2 reports the e ects of information
interventions that increase mothers' perceived returns to verbal engagement, similar
to Dupas et al. (2025) and Cunha et al. (2024). These interventions shift mothers' per-
ceived return ., in the subjective production function. Informed by belief changes
documented in earlier programs (discussed in Bhalotra et al. 2025), we model a 0.40
SD increase in this parameter. Column 3 simulates reducing fathers' costs of talk-
ing by a similar extent, an intervention that could be implemented through fathers'
groups or activities that make father child verbal engagement more enjoyable. Col-
umn 4 examines a female empowerment intervention, modeled as shifting inheritance
rules from fully patrilineal to equal inheritance (M, = 0 to My, = 0:5) in patrilineal
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villages, consistent with securing women's control over resources (e.g., Field et al.,
2021).

Increasing mothers' perceived returns raises predicted paternal speech by about
6% in matrilineal villages, has no e ect in patrilineal villages, and yields modest gains
in maternal speech. Reducing fathers' costs produces only a 1 2% increase in pater-
nal vocalizations in both types of villages. By contrast, female empowerment leads
to a 17% increase in total fathers' vocalizations in patrilineal villages. Overall, the
empowerment intervention generates far larger increases in paternal investments than
either raising maternal beliefs or lowering fathers' costs, but the interventions oper-
ate di erently across contexts: information interventions are e ective in matrilineal
villages, empowerment has its strongest e ects in patrilineal villages, while reducing
fathers' costs has universal but modest e ects.

The policy implications of our ndings extend beyond these exercises. Our study
demonstrates the e ectiveness of a scalable and cost-e cient method for measur-
ing various dimensions of paternal and maternal language inputs and male-female
bargaining. This method, coupled with our approach of measuring beliefs and costs,
provides a comprehensive framework for understanding parental investment decisions.
We hope this work inspires future research to adopt similar data collection strategies,
furthering our understanding of the economics of parenting and promoting rich, en-
gaging, and fruitful parental investments in children.
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9 Figures and Tables

Figure 1: Mothers' and fathers' beliefs about returns and costs of Child-Directed
Speech (CDS)

(a) Returns to CDS (b) Costs of CDS

(c) Correlation of returns (d) Correlation of costs

Panel (a) display mothers' and fathers' expected return to talking to their child. A Kolmogorov-
Smirnov tests of equality of the distributions has a p-value of 0.483. Panel (b) displays mothers' and
fathers' costs of talking to their child. A Kolmogorov-Smirnov test of equality of the distributions
has a p-value of 0.005. Panels (c) and (d) show a heat map of the correlation between mothers' and
fathers' returns and costs, respectively.
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Figure 2: Main results by land inheritance category

(a) Vocalizations

(b) Vocalizations at High Pitch

(c) Pitch

The gures plot the joint estimation results of equations (12) and (13) when My, is a categorical variable and displays
father results. The dots correspond to the coe cients associated with the interaction between the mother's returns
and each land inheritance type (as indicated). The vertical lines represent 90% con dence intervals. Pure patriliny

is the omitted category. The dependent variable in Panel (a) is the total number of adult male vocalizations per
day. The dependent variable in Panel (b) is the number of vocalizations at high pitch per day, where the high pitch
threshold is above the speaker's median pitch within 1 second of child vocalization. The dependent variable in Panel
(c) is the median pitch of the adult male speaker's voice within 1 second of a child vocalization.



A%

Table 1: Matriliny, parental investments, beliefs and costs, and assortative matching

Mothers Fathers Couples
Vocs Returns Costs Compete Vocs Returns Costs Compete |Di Returns| |Di Costs| |Di Cognition| Conversations
1) 2 3 4 ®) (6) ) (8) 9) (10 11) 12)
Matriliny -2.307 -0.453  -0.235 0.040 356.313* -0.476  0.428 0.075 -0.474 -0.510 -0.224 18.866
(231.112) (0.643) (0.787) (0.114) (208.997) (0.587) (0.711) (0.119) (0.511) (0.410) (1.505) (53.051)
Observations 196 182 182 182 196 182 182 182 182 182 182 196
Mean DV 2782.89 4.32 4.96 0.59 1312.15 4.36 4.50 0.59 3.17 3.37 7.12 485.95
SD DV 931.40 2.76 3.59 0.48 560.82 2.89 3.57 0.48 2.46 2.95 4.81 250.69

* p< 0.10, ** p<0.05, ** p < 0.01. OLS estimates. In columns (1) and (5), the unit of observation is a child recording, and the dependent variable is the total number of
adult female and male vocalizations per day, respectively. In columns (2)-(4) and (6)-(8), the unit of observation is the mother and the father, respectively, and the dependent
variables are: expected returns (2 and 6), perceived costs (3 and 7), and whether the parent competes with their spouse in the competition task (4 and 8). In columns (9)-(11),
the unit of observation is a couple, and the dependent variables are the absolute value di erence in mothers' and fathers': expected returns (9), perceived costs (10), and
cognitive abilities (11). In column (12), the unit of observation is a child recording and the dependent variable is the number of conversations between the adult female and
male speakers per day. All estimates control for the child's age, age squared, and gender, the number of children in the household, whether the recorded child is the father's
biological child, the household asset index, and a province xed e ect. Columns (1)-(4) additionally control for mother's cognitive ability, while columns (5)-(8) control for
father's cognitive ability. Columns (9), (1), and (12) control for both mothers' and fathers' cognitive ability. Missing observations imputed for beliefs, cognitive ability, and
competition, and all estimates include indicator variables for missing observations. Standard errors clustered at the village level in parentheses. Columns (1) and (12) weight
estimates by the total duration of recordings.
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Table 2: Matriliny and female bargaining power among otherwise similar socio-economic and cultural-political contexts

1) 2 3 4 ®) (6) Q) 8 ) (10) 11) 12)
Panel A: Women Leisure Age at Share Sent Toilet Stove Age  Cognitive Occupation Occupation Village Generalized Reciprocity
Time  Marriage to Spouse Ability Land Fish Leadership Trust
Matriliny 0.819***  1.733** -0.127*  0.219** 0.196** -2.041 0.954 -0.081 0.037 0.033 -0.213 0.020
(0.291)  (0.733) (0.074) (0.100) (0.086) (1.341) (1.106) (0.111) (0.069) (0.109) (0.239) (0.509)
Mean DV 3.12 22.08 0.47 0.34 0.32 31.43 11.46 0.54 0.12 0.48 2.49 7.25
SD DV 1.60 4.37 0.26 0.47 0.47 7.26 6.28 0.50 0.33 0.50 1.08 2.57
Panel B: Men Leisure  Age at Share Sent Mobile Outboard Age  Cognitive Occupation Occupation Village Generalized Reciprocity
Time  Marriage to Spouse Phone Motor Ability Land Fish Leadership Trust
Matriliny 0.526 0.308 -0.047 0.050 -0.038 -0.359 -0.021 0.062 0.027 0.096 0.250 0.019
(0.389)  (1.366) (0.070) (0.081) (0.065) (1.383) (0.874) (0.163) (0.154) (0.121) (0.256) (0.571)
Mean DV 3.32 25.81 0.56 0.73 0.27 34.65 13.67 0.35 0.31 0.75 2.61 7.54
SD DV 1.49 4.80 0.24 0.45 0.44 6.98 6.19 0.48 0.46 0.43 1.26 2.75

* p< 0.10, ** p<0.05, ** p < 0.01. OLS estimates. Each cell is the coe cient from the regression of the dependent variable indicated at the top of the column on the matriliny
variable, controlling for a province xed e ect and clustering standard errors at the village level (in parentheses). The sample includes all individuals selected in the public lottery
who have children. In Panel A, the unit of observation is female respondents, and in Panel B, it is male respondentkeisure Time indicates the amount of time the respondent
spends doing leisure activities, where 0 = never; 1 = less than once a month; 2 = more than once a month; 3 = once a week; 4 = a couple times a week; 5 = everyday, a little bit;
and 6 = every day, for a large part of the day. Age at Marriage is the age at which the respondent got married in yearsShare Sent to Spousés the share of the dictator game
endowment sent to the respondent's spouseloilet, Stove Mobile Phone and Outboard Motor are binary variables equal to one if there is a toilet, stove, mobile phone, or outboard
motor in the household. Age is the respondent's age in yearsCognitive ability is the number of correct puzzles solved (out of 24)Occupation: Land is a binary variable equal

to one if the respondent's primary income source is from farming or loggingOccupation: Fish is a binary variable equal to one if the respondent's primary income source is from
shing. Village Leadershipis a binary variable equal to one if the respondent is a member of any leadership organizations in their villag&eneralized Trust is measured with the
following question: Generally speaking, would you say that most people can be trusted, or that you can't be too careful in dealing with people , where 1 is complete distrust and
5 is complete trust. Reciprocity is measured with the following question: How well does the following statement describe you as a person? | try especially hard to help someone

who has helped me in the past, where 0 does not describe me at all and 10 describes me perfectly.”



Table 3: Returns, Costs, and Vocalizations

DV: Adult vocalizations per day (1) (2) ?3) (4)

Panel A: Father's Vocalizations
Matriliny 376.779** 377.949** 4.432 196.246
(175.461) (178.756) (215.959) (426.157)

Father's Returns -5.914 -5.286 -4.972 2.741
(11.947) (12.875) (13.279) (17.040)
Father's Costs -18.086* -17.969**  -15.865* -10.828
(9.484) (9.103) (9.146) (10.913)
Mother's Returns 1.067 -21.973 -24.504
(17.896)  (20.338) (21.464)
Matriliny ~ Mother's Returns 97.930*** 102.350***
(32.555) (33.991)
Matriliny ~ Father's Returns -24.802
(50.069)
Matriliny ~ Father's Costs -21.279
(19.888)
R? 0.30 0.30 0.30 0.29
Mean DV 1,312.15 1,312.15 1,312.15 1,312.15
SD bV 560.82 560.82 560.82 560.82

Panel B: Mother's Vocalizations
1/Matriliny 22.667 22.468 35.012 61.457
(20.819) (21.382) (35.140) (60.515)

Mother's Returns 43.387* 44.180* 44.092* 66.734
(22.123) (25.834) (25.781) (42.486)
Mother's Costs 17.125 17.228 14.465 41.852
(19.677)  (19.631) (19.366) (35.401)
Father's Returns 1.928 19.349 11.749
(21.356)  (29.326) (32.265)
1/Matriliny Father's Returns -2.732 -1.585
(4.076) (4.868)
1/Matriliny Mother's Returns -3.325
(6.168)
1/Matriliny Mother's Costs -4.090
(4.499)
R? 0.18 0.18 0.21 0.21
Mean DV 2,782.89 2,782.89  2,782.89 2,782.89
SD DV 931.40 931.40 931.40 931.40
# Clusters 41 41 41 41
Observations 196 196 196 196

*p< 0.10, ** p<0.05, ** p < 0.01. Table presents results from the joint estima-
tion of father (Panel A) and mother (Panel B) equations. Unit of observation is
a child. The dependent variable is the total number of adult male (Panel A) and
adult female (Panel B) vocalizations per day. Each outcome is the weighted aver-
age of recordings (by duration of recording). All estimates control for the child's
age, age squared, and gender, the number of children in the household, whether
the recorded child is the father's biological child, the household asset index, and
a province xed e ect. Panel A additionally controls for father's cognitive abil-
ity, age, age squared, and occupation. Panel B additionally controls for mother's
cognitive ability, age, age squared, and occupation. Missing observations imputed
for beliefs, cognitive ability, and parents' age, and all estimates include indicator
variables for missing observations. Standard errors clustered at the village level
in parentheses. All estimates are weighted by the total duration of recordings.



Table 4: Child-Directed Speech by Fathers

DV: CTC Vocs at High Pitch Pitch
Speaker: Father (2) (2) 3)
Matriliny ~ Mother's Returns  13.676 32.971** 0.263***
(15.245) (14.407) (0.085)
Matriliny  Father's Returns  -24.071 -19.485 -0.061
(17.155) (22.790) (0.082)
Matriliny  Father's Costs -12.525 -7.407 0.028
(9.132) (9.948) (0.046)
Mother's Returns -9.250 -8.535 -0.064
(7.803) (8.627) (0.042)
Father's Returns 3.129 -0.895 0.070*
(7.463) (7.843) (0.041)
Father's Costs -3.935 -4.647 0.033
(5.922) (4.858) (0.022)
Matriliny 208.815 157.108 -0.718
(161.800) (186.685) (0.668)
Observations 196 196 196
R? 0.34 0.26 0.31
# Clusters 41 41 41
Mean DV 441.93 567.08 22.56
SD DV 260.99 250.71 1.25

* p< 0.10, ** p<0.05, ** p < 0.01. Table presents results from the joint estimation
of mother and father equations, and displays father's results only. Unit of observation
is a child. The dependent variable in column (1) is the number of conversational
turns per day between the child and adult male speaker. The dependent variable in
column (2) is the number of vocalizations at high pitch per day, where the high pitch
threshold is above the speaker's median pitch within 1 second of a child vocalization.
The dependent variable in column (3) is the median pitch of the adult male speaker's
voice within 1 second of a child vocalization. Each outcome is the weighted average of
recordings (by duration of recording). All estimates control for a province xed e ect,
as well as the following additional controls: the child's age, age squared, and gender,
the number of children in the household, whether the recorded child is the father's
biological child, the father's cognitive ability, age, age squared, and occupation, the
household asset index, and a province xed e ect. Missing observations imputed for
beliefs, cognitive ability, and father's age, and all estimates include indicator variables
for missing observations. Standard errors clustered at the village level in parentheses.
All estimates are weighted by the total duration of recordings.
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Table 5: Father's Time Spent With Child

DV: Hours With Child (Father) Father's Speech
Vocs Vocs at High Pitch  Pitch
) 2 ®3) 4 ®)
Matriliny 0.737* 0.533 302.469 204.648 -0.695
(0.422) (1.129) (338.125) (149.760) (0.672)
Matriliny ~ Mother's Returns 0.115 71.043*** 20.131* 0.257***
(0.145) (26.007) (11.393) (0.085)
Mother's Returns 0.096 -32.001%** -11.448* -0.064
(0.106) (11.963) (5.125) (0.041)
Hours with child (Father) 117.961%** 47.405** 0.011
(15.342) (6.478) (0.034)
Observations 196 196 196 196 196
R? 0.16 0.19 0.41 0.42 0.31
# Clusters 41 41 41 41 41
Mean DV 12.45 12.45 1,312.15 567.08 22.56
SD DV 2.73 2.73 560.82 250.71 1.25

* p< 0.10, ** p<0.05, ** p < 0.01. Table presents results from the joint estimation of mother and father
equations, and displays father's results only. In columns (1)-(2), the dependent variable is the total number of
recording hours with at least 10 adult male vocalizations per hour. The dependent variable in column (3) is adult
male vocalizations per day. The dependent variable in column (4) is the number of adult male vocalizations at
high pitch per day, where the high pitch threshold is above the speaker's median pitch within 1 second of a child
vocalization. The dependent variable in column (5) is the median pitch of the adult male speaker's voice within 1
second of a child vocalization. Each outcome is the weighted average of recordings (by duration of recording). All
estimates control for the child's age, age squared, and gender, the number of children in the household, whether
the recorded child is the father's biological child, the household asset index, father's cognitive ability, age, age
squared, and occupation, and a province xed e ect. Columns (3)-(5) also control for father's returns and costs,
interacted with Matriliny . Missing observations imputed for beliefs, cognitive ability, and father's age, and all
estimates include indicator variables for missing observations. Standard errors clustered at the village level in
parentheses. All estimates are weighted by the total duration of recordings.
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Table 6: Female Status and Father Speech Investments

LY

DV: Father's Speech Q) 2) (3) (4) (5) (6)
Panel A: Matrilocality Vocs Vocs Vocs at High Pitch Vocs at High Pitch Pitch Pitch
Matrilocality =~ Mother's Returns  -51.172 -49.038 -10.702 -7.463 -0.033 -0.066
(35.985) (36.904) (17.440) (17.953) (0.108) (0.109)
Matriliny ~ Mother's Returns 102.067*** 30.538** 0.248%***
(34.325) (14.061) (0.075)
Observations 196 196 196 196 196 196
R? 0.16 0.23 0.22 0.27 0.30 0.33
# Clusters 41 41 41 41 41 41
Mean DV 1,312.15 1,312.15 567.08 567.08 22.56 22.56
SD DV 560.82 560.82 250.71 250.71 1.25 1.25
Panel B: Female Status Inherited Land Bride Price
Vocs  Vocs at High Pitch Pitch Vocs Vocs at High Pitch  Pitch
Female status Mother's Returns 59.654* 23.240* -0.088 86.598** 26.219 0.149**
(33.183) (13.371) (0.074) (37.936) (16.847) (0.065)
Observations 196 196 196 162 162 162
R? 0.46 0.51 0.52 0.46 0.51 0.61
# Clusters 41 41 41 41 41 41
Mean DV 1,312.15 567.08 22.56 1,315.99 575.08 22.61
SD DV 560.82 250.71 1.25 544.59 249.63 1.27

* p< 0.10, ** p<0.05, ** p < 0.01. Table presents results from the joint estimation of mother and father equations, and displays father's results only. The unit of
observation is a child. All speci cations regress a measure of adult speech on a measure of female status interacted with mother's returns, father's costs, and father's
returns (and displays only the interaction with mother's returns), controlling for the child's age, age squared, and gender, the number of children in the household,
whether the recorded child is the father's biological child, the household asset index, the father's cognitive ability, age, age squared, and occupation, as well as a
province xed e ect (Panel A) and village xed e ects (Panel B). In Panel A, the measure of female status is whether the village is a matrilocal village. In Panel

B, the measure of female status in columns (1)-(3) is whether the mother has inherited land in the village where she resides, and in columns (4)-(6), the measure of
female status is whether the mother's family received a bride price at marriage and is restricted to children of married couplesvocs is the number of adult male
vocalizations per day. Vocs at High Pitch is the number of adult male vocalizations at high pitch per day, where the high pitch threshold is above the speaker's median
pitch within 1 second of a child vocalization. Pitch is the median pitch of the adult male speaker's voice within 1 second of a child vocalization. Each outcome is
the weighted average of recordings (by duration of recording). Standard errors clustered at the village level in parentheses. All estimates are weighted by the total
duration of recordings.



Table 7: Policy experiments

1) (2 3) (4)
Increase Reduce Empower women
Baseline mother returns father costs Mp=0
by 0.4 s.d by 0.4 sd ta0:5
Male vocalizations
Patri 1294.48 1271.35 1315.24 1523.43
Matri 1555.51 1643.21 1596.96 1555.51
Female vocalizations
Patri 2946.35 2996.38 2946.35 2801.98
Matri  2799.70 2871.79 2799.70 2799.70
Male vocs at high pitch
Patri  569.01 562.42 577.47 665.22
Matri  661.02 689.30 674.49 661.02
Female vocs at high pitch
Patri 1221.68 1247.03 1221.68 1152.16
Matri 1139.48 1167.23 1139.48 1139.48

Predicted speech investments estimated after joint estimation of mother and father equations.Vocalizations is the
number of adult vocalizations per day. Vocs at High Pitch is the number of adult vocalizations at high pitch per day,
where the high pitch threshold is above the speaker's median pitch within 1 second of a child vocalization. Vocalizations
(top panel) are predicted from the coe cients presented in Table 2, Panel B, column 3. Vocalizations at high pitch
(bottom panel) are predicted from the coe cients presented in Table 3, column 2.
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HeforShe: Bargaining Power, Parental Beliefs, and
Parental Investments
Appendix

A Additional Results

Figure Al: Time of Day of Speech

(a) Any Speech by Hour (b) Mean Speech by Hour (c) Male Speech by Matriliny

Panel (a) displays the mean of whether any vocalization occurred, by each hour of the day (in hours
from midnight, where 0 is midnight), separately for adult female and adult male speakers. Panel (b)
displays the mean number of vocalizations, by each hour of the day (in hours from midnight), sepa-
rately for adult female and adult male speakers. Panel (c) displays the mean number of adult male
vocalizations by hour, separately for matriliny and non-matriliny. Sample restricted to recordings
with a duration of 12 or more hours (85% of observations).

Figure A2: Distribution of Beliefs About Returns to Speech

(a) Mother's Beliefs (b) Father's Beliefs

The Figure displays mothers' and fathers' beliefs about the likelihood that a child puts together 2-3
words by age 2 when the carer speaks frequently and rarely to the child.



Figure A3: Father's Speech by Mother's Expected Returns and Matriliny

The Figure displays a box plot of fathers' vocalizations by matriliny and mothers' expected returns. We divide the
sample into four groups according to matrilineal status of the village ( Matri : My, equal to or above 0.75, otherwise
Patri ) and mothers' expected returns ( high is above median, otherwise low ). The center line in each box represents

the 50th percentile (median). The bottom of each box represents the 25th percentile and the top represents the 75th
percentile. The interquartile range is the di erence between the 75th and 25th quartiles. The bottom whisker below

the box is equal to the 25th percentile minus 1.5 times the interquartile range. The upper whisker above the box is
equal to the 75th percentile plus 1.5 times the interquartile range.

Figure A4: Randomization inference - Father's Speech

(a) Vocalizations (b) Vocalizations at high pitch (c) Pitch

The Figure plots the results of randomization inference exercises that replicate Panel B, column (4) of Table 3 (in (a)),
column (2) of Table 4 (in (b)), and column (3) of Table 4 (in (c)) by randomly re-assigning the mother's expected
returns over 1,000 repetitions. The solid line plots the kernel density of the coe cient estimates for Matriliny x
Mother's Returns . The red, vertical dash line represents the coe cients estimated from the true sample (see Panel
B, column (4) of Table 3, column (2) of Table 4, and column (3) of Table 4).



Figure A5: Village Variation in Expected Returns and Perceived Costs

(a) Mother's Returns (b) Father's Returns

(c) Mother's Costs (d) Father's Costs

The Figure displays the village-level box plots for mother and father returns and costs. Villages are
sorted on the x-axis in order of matriliny, where villages 1-17 are purely patrilineal, 18-28 are mostly

patrilineal, 29-31 are equally patrilineal and matrilineal, 32-37 are mostly matrilineal, and 38-41 are
purely matrilineal.



Table A1: Summary Statistics

N Mean SD Min  Max
Household Variables
Purely patrilineal 182 0.45 0.50 0 1
Mostly patrilineal 182 0.26 0.44 0 1
Equally patri and matri 182  0.07 0.25 0 1
Mostly matrilineal 182 0.12 0.33 0 1
Purely matrilineal 182 0.11 0.31 0 1
Mother's age 182 29.38 5.67 20 47
Father's age 182 3342 6.00 21 54
Total children in HH 182  3.03 1.66 1 11
Father not biofather 182 0.16 0.37 0 1
Mother's cognitive ability 182 11.32 6.27 0 23
Father's cognitive ability 182 13.59 5.74 0 23
Mother completed secondary school 182 0.31 0.46 0 1
Father completed secondary school 182 0.35 0.45 0 1
Asset Index 182  3.87 1.89 0 8
Earns income from employment 182  0.05 0.22 0 1
Access to grid electricity 182  0.07 0.25 0 1
Access to improved sanitation 182 0.03 0.18 0 1
Water tank 182  0.57 0.48 0 1
Child Variables
Recorded child's age (months) 196 25.30 9.03 6 48
Recorded child female 196  0.47 0.50 0 1
Speech Measures
Adult female vocalizations (per day) 196 2782.89 93140 765.6 6203.5
Adult male vocalizations (per day) 196 1312.15 560.82 206.4 2808.6
Adult female conversational turns (CTC) (per day) 196 1415.36 668.30 185.0 4005.2
Adult male conversational turns (CTC) (per day) 196 441.93 260.99 48.93 1545.8
Adult female vocs at high pitch (per day) 196 1144.79 403.44 275.7 2642.9
Adult male vocs at high pitch (per day) 196 567.08 250.71 75.73 1280.3
Adult female pitch (median) 196 28.07 0.90 24.19 30.10
Adult male pitch (median) 196 22.56 1.25 17.67 26.62
Beliefs About Speech
Mother's returns 182 4.33 2.80 0 10
Father's returns 182 4.32 291 0 10
Mother's costs 182  4.88 3.58 0 10
Father's costs 182 441 3.57 0 10

Asset Index is de ned as the sum of dummy variables taking value one if the household owns each of the
following assets: mobile phone, radio, iron roof, solar light, water tank, toilet, stove, and outboard motor.



Table A2: Parental Speech and Other Parental Investments

DV: Breastfeeding BMI In(Cortisol) Child Loss
1) 2 3) (4)

Panel A: Mother's Speech
Vocalizations 0.520* 0.180* -0.307 -0.013*
(0.277) (0.091) (0.200) (0.008)

CTC 0.648** 0.109 -0.136 -0.020*
(0.313) (0.107)  (0.159) (0.009)

Vocs at high pitch 0.555** 0.206** -0.356* -0.015*
(0.241) (0.098) (0.181) (0.008)
Pitch 0.065 -0.158 0.028 -0.014
(0.547) (0.104) (0.176) (0.011)

Panel B: Father's Speech
Vocalizations -0.107 0.267*** 0.049 -0.001
(0.283) (0.069) (0.089) (0.010)

CTC -0.185 0.262** 0.068 -0.008
(0.308) (0.101)  (0.111) (0.007)

Vocs at high pitch -0.160 0.315*** 0.045 -0.005
(0.310) (0.075) (0.101) (0.009)
Pitch 0.120 -0.109 -0.107 -0.009
(0.308) (0.112) (0.143) (0.007)
Observations 105 103 99 182
Mean DV 16.09 -0.00 1.31 0.03
SD DV 4.73 1.00 1.23 0.09

* p< 0.10, ** p<0.05, ** p < 0.01. OLS estimates. Each cell represents the coef-
cient from a separate regression of the dependent variable (top row) on a measure
of adult speech (rst column). Adult speech variables are the weighted average
of recordings (by duration of recording) and standardized to mean zero, standard
deviation one. All estimates control for the child's age, age squared, and gender,
the number of children in the household, whether the recorded child is the father's
biological child, the asset index, and a province xed e ect. Panel A controls for
mother's cognitive ability, age, and age squared. Panel B controls for father's cog-
nitive ability, age, and age squared. Breastfeeding is the total number of months
that the mother breastfed the recorded child. BMI is the recorded child's BMI
standardized to mean zero, standard deviation one.In(Cortisol) is the log of the
recorded child's cortisol level measured in their hair. Child Loss is the ratio of the
total number of children who have died to the total number of children ever born to
the mother. Missing observations imputed for parents' age and cognitive ability and
all estimates include indicator variables for missing observations. Standard errors
clustered at the village level in parentheses.
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Table A3: Descriptive Correlates of Expected Returns and Perceived Costs

Parent: Mothers Fathers
DV: Returns Costs Returns Costs
(1) (2) 3) (4)
Matriliny -0.621 0.100 -0.630 0.496
(0.653) (0.760) (0.654) (0.744)
Female child -1.033**  -0.427 -0.535 -0.221
(0.383) (0.492) (0.431) (0.583)
Child's age 0.319** 0.045 0.041 0.007
(0.126) (0.145) (0.124) (0.180)
Child's age -0.006**  -0.000 -0.001  -0.000
(0.002) (0.003) (0.002) (0.004)
# Children in HH 0.082 0.288* -0.041 -0.081
(0.153) (0.147) (0.118) (0.173)
Spouse not biofather -0.697* -1.371* 0.191 0.228
(0.376) (0.625) (0.432) (0.652)
Cognitive ability -0.005 0.000 0.072**  0.004
(0.026) (0.049) (0.034) (0.055)
Household Asset index 0.001 0.200 0.090 -0.031
(0.100) (0.144) (0.124) (0.129)
Main income source: Land -0.343 1.132* 0.433 0.285
(0.476) (0.652) (0.600) (0.959)
Main income source: Fish 0.222 0.711 0.185 0.333
(0.595) (0.882) (0.549) (0.937)
Provide childcare to others 0.790**  -0.193 0.256 -0.922
(0.311) (0.564) (0.452) (0.627)
IHS(Kin in village) 0.498**  -0.031 0.126  -0.104
(0.235) (0.296) (0.264) (0.338)
Observations 182 182 182 182
R? 0.277 0.089 0.274 0.035
# Clusters 41 41 41 41
Mean DV 4.33 4.88 4.32 4.41
SD DV 2.80 3.58 2.91 3.57

* p< 0.10, ** p<0.05, ** p < 0.01. OLS estimates. Unit of observation is
the parent of a recorded child. All estimates control for a province xed ef-
fect. IHS(Kin in village) is the inverse hyperbolic sine of the mother's and
father's direct kin who live in the same village as the child. Missing observa-
tions imputed for beliefs, cognitive ability, and father's childcare to others. All

estimates include indicator variables for missing observations.
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Table A4: Returns, Costs, and Vocalizations - Cost Characteristics

DV: Adult vocalizations per day Mothers Fathers
@) 2 3 4
Bargaining power 35.012 61.457 4.432 196.246
(35.140) (60.515) (215.959) (426.157)
Mother's Returns 44.092* 66.734 -21.973 -24.504
(25.781) (42.486) (20.338) (21.464)
Father's Returns 19.349 11.749 -4.972 2.741
(29.326) (32.265) (13.279) (17.040)
Own Costs 14.465 41.852 -15.865* -10.828
(19.366) (35.401) (9.146) (10.913)
Bargaining powerO Father's Returns -2.732 -1.585 -24.802
(4.076) (4.868) (50.069)
Bargaining powerO Mother's Returns -3.325 97.930***  102.350***
(6.168) (32.555) (33.991)
Bargaining power© Own Costs -4.090 -21.279
(4.499) (19.888)
Child's age -115.253** -115.619***  11.977 14.523
(35.113) (34.844) (22.135) (20.547)
Child's age 1.905%** 1.901%** -0.270 -0.310
(0.648) (0.646) (0.404) (0.378)
Age 154.950* 168.076* -25.765 -38.193

(88.011) (85.900)  (44.218)  (45.309)

Age? -2.079 -2.268 0.363 0.545
(1.469) (1.440) (0.616) (0.627)
Female child -144.422 -151.846 -78.108 -89.498
(126.137) (121.563) (77.692) (79.799)
# Children in HH -22.820 -21.902 -6.880 -3.942
(33.403) (33.054) (26.388) (26.881)
Spouse not biological father -37.486 -34.452 -85.288 -93.094
(218.685) (230.844)  (119.155) (119.743)
Mother's cognitive ability 10.011 8.984 3.011 3.370
(9.698) (9.688) (6.234) (6.346)
Asset index 56.598 55.008 -20.923 -23.223

(42.350) (41572)  (27.078)  (26.759)

Main income source: land -110.749 -141.144 -42.738 -49.616
(123.120) (119.648) (94.948) (89.959)

Main income source: sh 6.844 -7.151 -97.876 -92.088
(193.668) (188.392)  (114.891) (114.896)

Mean DV 2,782.89 2,782.89 1,312.15 1,312.15
SD DV 931.40 931.40 560.82 560.82

*p< 0.10, ** p<0.05, ** p < 0.01. Table presents all coe cients from Table 3. Columns (1)-(2) correspond
to columns (3)-(4) of Panel A, and columns (3)-(4) correspond to columns (3)-(4) of Panel B. Unit of
observation is a child. The variable Bargaining power is 1/Matriliny in columns (1)-(2) and Matriliny in
columns (3)-(4). All estimates include a province xed e ect. Missing observations imputed for beliefs,
cognitive ability, and age, and all estimates include indicator variables for missing observations. Standard
errors clustered at the village level in parentheses. All estimates are weighted by the total duration of
recordings.
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Table A5: Restricted Time Windows for Analysis

Time Restriction:

8am to 8pm 8am to 9pm 8am to 10pm

DV: Father Vocalizations Q) (2) 3)
Matriliny ~ Mother's Returns  105.632**  138.323***  154,785***
(44.201) (51.202) (51.564)
Mother's Returns -29.803 -38.489 -37.025
(24.133) (27.089) (29.090)
Father's Returns -6.626 -9.133 -9.617
(18.015) (18.391) (19.162)
Father's Costs -15.884 -17.261 -17.506
(22.707) (13.039) (12.984)
Matriliny 233.595 123.037 98.567
(310.662) (332.351) (329.555)
Controls: Y Y Y
Observations 196 196 196
R2 0.24 0.24 0.23
# Clusters 41 41 41
Mean DV 1,735.23 1,892.70 1,974.90
SD bV 743.19 804.28 832.01

* p< 0.10, ** p<0.05, ** p < 0.01. Table presents results from the joint estimation
of mother and father equations, and displays father's results only. Unit of observation
is a child. The outcome is the weighted average (by duration of recording) of father
vocalizations per day, restricted to speci ¢ time windows. The time window of analysis
is restricted from 8am to 8pm in column (1), 8am to 9pm in column (2), and 8am to

10pm in column (3). All estimates control for the child's age, age squared, and gender,

the number of children in the household, whether the recorded child is the father's
biological child, the father's cognitive ability, age, age squared, and occupation, the
household asset index, and a province xed e ect. Missing observations imputed for
beliefs, cognitive ability, and father's age, and all estimates include indicator variables

for missing observations. Standard errors clustered at the village level in parentheses.

All estimates are weighted by the total duration of recordings.



Table A6: Father and Mother Characteristics by Mother's Returns and Matriliny

@) &) 3 “) ®) (6) O ® ©) (10) (1 (12) (13) (14) (15)
Panel A: Fathers Child Child Returns Costs Age Secondary Income: Income: Leisure Trust Reciprocity Care from Care from Care from Ever
BMI Female of CDS of CDS School Land Fishing Time Mother MiL Friends  Migrated
Mother's Returns ~ Matriliny -0.015  -0.016 0.172 -0.192  -0.488 0.015 0.018 0.027  -0.068 0.099 -0.044 0.007 0.090 0.043 0.012
(0.112) (0.026) (0.390) (0.201) (0.390) (0.029) (0.037) (0.040) (0.115) (0.107) (0.209) (0.078) (0.071) (0.079) (0.039)
Matriliny 0.226 0.134 -1.100 1.556 0.468 0.094 -0.198  -0.243 0.124 -0.436 -0.763 -0.162 0.150 -0.058 -0.057
(0.891) (0.176) (1.689) (1.180) (1.776) (0.173) (0.224) (0.171) (0.456) (0.499) (1.143) (0.427) (0.399) (0.388) (0.232)
Mother's Returns 0.052 -0.035** -0.045 -0.099 0.127 0.009 -0.014  -0.007 0.047 -0.023 0.126 -0.012 -0.004 0.002 0.004
(0.080) (0.016) (0.162) (0.143) (0.250)  (0.015) (0.021) (0.015) (0.046) (0.042) (0.103) (0.038) (0.045) (0.042) (0.020)
Observations 97 182 157 158 157 158 182 182 121 158 158 158 158 158 158
R? 0.059 0.055 0.066 0.048 0.049 0.032 0.033 0.039 0.038  0.055 0.081 0.015 0.051 0.047 0.042
Mean DV 15.53 0.46 4.15 4.41 33.40 0.35 0.51 0.27 -0.00 2.47 7.67 -0.00 -0.00 0.00 0.53
SD bV 1.61 0.50 3.55 3.83 6.47 0.48 0.50 0.45 1.00 1.19 2.75 1.00 1.00 1.00 0.50
Panel B: Mothers Child Child  Spouse Not Fertility = Age  Secondary Income: Income: Leisure Trust Reciprocity Care from Care from Care from Ever
BMI Female  Biofather School Land Fishing Time Mother MiL Friends  Migrated
Mother's Returns  Matriliny -0.015  -0.016 -0.009 0.036 -0.101 0.001 0.018 0.019 0.080 0.044 -0.124 0.088 -0.021 0.084 -0.024
(0.112) (0.026) (0.022) (0.161) (0.454) (0.028) (0.037) (0.035) (0.095) (0.087) (0.152) (0.071) (0.070) (0.085) (0.053)
Matriliny 0.226 0.134 0.096 -0.856  -1.759 0.171 -0.198 0.083 -0.406 -0.111 1.556* -0.082 -0.042 -0.111 -0.135
(0.891) (0.176) (0.109) (0.656) (2.149) (0.171) (0.224) (0.176) (0.443) (0.450) (0.891) (0.332) (0.315) (0.323) (0.213)
Mother's Returns 0.052 -0.035** -0.007 0.004 0.092 -0.006 -0.014  -0.002 -0.017 -0.060* 0.143 -0.030 -0.030 -0.016 0.006
(0.080) (0.016) (0.011) (0.066) (0.209) (0.015) (0.021) (0.013) (0.045) (0.033) (0.097) (0.031) (0.029) (0.032) (0.021)
Observations 97 182 182 182 181 182 182 182 115 182 182 182 182 182 182
R? 0.059 0.055 0.042 0.044 0.033 0.027 0.033 0.041 0.075  0.061 0.129 0.016 0.028 0.026 0.049
Mean DV 15.53 0.46 0.16 3.14 29.38 0.31 0.51 0.17 0.00 2.53 7.41 -0.00 0.00 -0.00 0.60
SD DV 1.61 0.50 0.37 1.71 5.69 0.46 0.50 0.38 1.00 1.05 2.49 1.00 1.00 1.00 0.49

* p< 0.10, ** p<0.05, *** p < 0.01. OLS estimates. Unit of observation is the father (Panel A) or mother (Panel B) of a recorded child. Each column is the result of regressing the dependent
variable indicated at the top of the column on mother's returns, matriliny, and the interaction, controlling for province xed e ects.Returns and Costs of CDS are our usual measured-ertility is

the number of children ever born to the mother.Secondary Schools a binary variable equal to one if the parent completed secondary schotihcome is a binary variable equal to one if the main

income source is from agriculture or logging (column 7) or shing (column 8).eisure is the time spent on leisure, standardized to mean zero, standard deviation ofieéust measured as a response

to the following question: Generally speaking, would you say that most people can be trusted, or that you can't be too careful in dealing with people? , where 1=complete distrust and 5=complete
trust. Reciprocity is measured as a response to the following question: How well does the following statement describe you as a person? | try especially hard to help someone who has helped me in
the past, where 0=not at all and 10=describes me perfectly Care from is the amount of help with child care from the father's own mother, mother-in-law (MiL), and friends and neighbors, each
measured as: O=never, 1=less than once a month, 2=more than once a month, 3=once a week, 4=couple times a week, 5=every day, a little bit, 6=every day, for a large part of the day; values
standardized to mean zero, standard deviation ondEver migrated is a binary variable equal to one if the father is living in a di erent village from where he was born. Missing observations imputed

for beliefs and all estimates include indicator variables for missing observations. Standard errors clustered at the village level in parentheses.



Table A7: Robustness: Controlling for Mother-Father Conversations

DV: Father's speech Vocs Vocs at High Pitch  Pitch
1) (2) (3
Matriliny ~ Mother's Returns 101.791*** 32.720** 0.262***
(33.870) (14.469) (0.085)
Matriliny 223.554 167.883 -0.714
(401.395) (178.279) (0.672)
Mother's Returns -26.350 -9.186 -0.064
(20.421) (8.224) (0.042)
Mother-Father Conversations 0.397 0.144 -0.000
(0.346) (0.142) (0.000)
Observations 196 196 196
R2 0.24 0.28 0.31
# Clusters 41 41 41
Mean DV 1312.15 567.08 22.56
SD bV 560.82 250.71 1.25

* p< 0.10, ** p<0.05, ** p < 0.01. Table presents results from the joint estimation of
mother and father equations, and displays father's results only. Unit of observation is a
child. In column (1), the dependent variable is the number of adult male vocalizations
per day. In column (2), the dependent variable is the number of adult male vocalizations
at high pitch per day, where the high pitch threshold is the speaker's median pitch within

1 second of child vocalization. In column (3), the dependent variable is the median pitch
of the adult male speaker's voice within 1 second of a child vocalization. Each outcome is
the weighted average of recordings (by duration of recording). All estimates control for
the child's age, age squared, and gender, the number of children in the household, whether
the recorded child is the father's biological child, the household asset index, the father's
cognitive ability, age, age squared, and occupation, and a province xed e ect, as well as
father's returns and costs, each interacted withMatriliny . Missing observations imputed
for beliefs, cognitive ability, and father's age, and all estimates include indicator variables
for missing observations. Standard errors clustered at the village level in parentheses.
All estimates are weighted by the total duration of recordings.
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Table A8: Heterogeneity by Child Gender

TT

Measure of Matriliny: Continuous Measure Binary (Pure Matri = 1, 0 Otherwise)
DV: Father's Speech Vocs Vocs at High Pitch  Pitch Vocs Vocs at High Pitch  Pitch
1) (2) 3) 4) (5) (6)
Matriliny 852.949** 373.445%* -0.542 934.696** 465.997*** -0.460
(372.811) (163.076) (0.704)  (421.878) (156.820) (0.606)
Matriliny Mother's Returns 12.314 4.388 0.205** 15.234 -2.723 0.238***
(37.630) (15.142) (0.104) (32.732) (13.392) (0.089)
Female child  Matriliny -847.339** -245.789 -0.731 -1386.272*** -564.092*** -1.274%*
(374.513) (154.906) (0.700) (308.784) (96.738) (0.625)
Female child Matriliny  Mother's Returns  151.027* 43.206 0.182 187.713*** 78.218*** 0.202*
(86.867) (33.822) (0.136) (70.896) (25.470) (0.103)
Observations 196 196 196 196 196 196
R? 0.29 0.33 0.34 0.33 0.37 0.36
# Clusters 41 41 41 41 41 41
Mean DV 1,312.15 567.08 22.56 1,312.15 567.08 22.56
SD DV 560.82 250.71 1.25 560.82 250.71 1.25

* p< 0.10, ** p<0.05, ** p < 0.01. Table presents results from the joint estimation of mother and father equations, and displays father's results only. Unit of
observation is a child. In columns (1)-(3), the measure oMatriliny is a continuous variable. In columns (4)-(6), the measure oMatriliny is a binary variable
equal to one for households in purely matrilineal villages (mean = 0.11, s.d. = 0.31, see Table Al). In columns (1) and (4), the dependent variable is adult
male vocalizations per day. In columns (2) and (5), the dependent variable is the number of adult male vocalizations at high pitch per day, where the high pitch
threshold is the speaker's median pitch within 1 second of a child vocalization. In columns (3) and (6), the dependent variable is the median pitch of the adult
male speaker's voice within 1 second of a child vocalization. Each outcome is the weighted average of recordings (by duration of recording). All estimates control
for father's returns and costs, interacted with Matriliny , as well as the child's age, age squared, and gender, the number of children in the household, whether
the recorded child is the father's biological child, the asset index, the father's cognitive ability, age, age squared, and occupation, and a province xed e ect.
Missing observations imputed for beliefs, cognitive ability, and father's age, and all estimates include indicator variables for missing observations. All estimates
cluster standard errors at the village level in parentheses and weight estimates by the total duration of recordings.



Table A9: Between and Within Village Variation in Returns and Costs

1) (2) 3) (4)
Mother's Returns Mother's Costs Father's Returns  Father's Costs
Between villages 1.91 2.00 1.98 1.90
Within villages 2.56 3.23 3.06 3.39

Table reports the between (top) and within (bottom) village standard deviations in beliefs.

Table A10: Model Fit

Adult Female Adult Male
Sample Mean Predicted Mean Sample Mean Predicted Mean
1) (2) 3 (4)
Vocalizations 2782.89 2796.01 1312.15 1313.44
Conversational Turns 1415.36 1427.06 441.93 443.59
Vocs at High Pitch 1144.79 1150.68 567.08 567.98
Pitch 28.07 28.06 22.56 22.55

The table displays the sample mean (cols 1 and 3) and predicted mean (cols 2 and 4)
for each measure of speech, by adult female and adult male speaker. The speci cation
for Vocalizations comes from column (4) of Table 3. The speci cation forConversational
Turns (CTC) comes from column (1) of Table 4. The speci cation forVocs at High Pitch
comes from column (2) of Table 4. The speci cation forPitch comes from column (3) of
Table 4.
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B Additional Robustness

B.1 Expectations about returns and cost

Data quality checks on the probabilistic expectations. We measure proba-
bilistic expectations using a visual aid (Delavande, 2023). After a brief preamble
explaining probabilities (Appendix D), respondents complete a practice question elic-
iting the likelihood that a woman in the community goes to the market (a) in the
next two days and (b) in the next two weeks. Most respondents correctly report
a higher probability over the longer horizon, though about 20% violate monotonic-
ity a rate similar across gender and matriliny. 3° This gure is slightly higher than

in comparable young samples in other low-income countries (Delavande and Kohler,
2009; Bhalotra et al., 2025) and comparable to an older Indian sample (Delavande
et al., 2017).

We then ask parental beliefs about the likelihood that a child puts 2-3 words
together in speaking by age 2 if the carers frequently (vs. rarely) talk to the child
directly. These questions are framed with a reference to a typical carer and child.
The advantage of using this wording rather than the actual carer-child pair is that the
latter may be correlated with unobserved carer or child characteristics, which could
bias our estimates. For this reason, our approach is the standard (Cunha et al., 2013;
Attanasio et al., 2024; Bhalotra et al., 2025). Respondents are willing to report their
beliefs in a probabilistic manner. Non-response rates on the probabilistic and cost
questions are low for mothers (9%). It is slightly higher for fathers (14% for returns,
13% for costs), which is primarily explained by the father being absent at the time
of interview.

Our main results use the expected return of child-directed speech, which is the
individual-level di erence in the probability of reaching the language milestone be-
tween the high and low investment. 8% men and 5% of women report a negative
return, a potential indication of lack of attention or di culty with the question.

Robustness to measurement error in beliefs. In our main speci cation, we
replace missing returns and costs with their sample average and include a dummy
variable for missing. We also replace negative returns with zero. We keep all respon-

39The p-value of the dierence between mothers and fathers is 0.46. The coe cient from a
regression of monotonicity violation onMy, is -0.62 with a p-value of 0.36.
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dents in our estimation sample, even those who violated the monotonicity property
of probabilities in the preamble questions. We now investigate the robustness of our
results to these modeling decisions. Our results for quantity of vocalizations and
pitch are, if anything, larger in magnitude when we exclude monotonicity violators
(Column 1 of Table B1). Our results are also robust to keeping the negative returns
as negative (Column 2 of Table B1) and to excluding respondents with missing re-
turns (Column 3 of Table B1). A potential concern is measurement error in expected
returns, given the di culty of precisely de ning investment scenarios and outcomes.
We address this by averaging our main return measure with two additional survey
measures: beliefs about returns to speech for (i) school readiness by age 6 and (ii)
educational performance in primary school (Appendix D). These refer to actual par-
ent child pairs rather than hypothetical ones and therefore are not our preferred
measures, but they provide useful validation. Using this composite measure (Column
4), our ndings closely match the main results in Tables 3 and 4.

B.2 Robustness to alternative theoretical assumptions

Model with time allocation decision. We now allow for time allocation decisions
and explicitly model the trade-o between time spent in productive activities and
time spent investing in children. Each parent 2 f m;dg allocates their xed time
endowmentT; between productive work {;*) and productive speech investment in
children (T°) such that T + T® = T;. The parent i utility function is given by
U = wi(M)T¥ + ! Ci(T°); wherew;(M;) denotes the shadow wage of parent
which may depend on local matrilineal inheritance structure®l;, and C(T{) is the
cost from speech investment in childrerfT°): Substituting the time constraint, we
can rewrite the utility as:

U =wi(M)(T T+ !, Ci(T; M)
As in the main model, we assume that each parent has a subjective production
function, givenby: | = ot i1 ot i2(Te+ TS+ i; where j; are individual-specic

beliefs about the production function parameters. The household utility function
is a weigthed sum of the mother's and father's expected utility function such that
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U= U,h+(1 )Uq. The rst-order conditions with respect to Ty, and T§ are:

@u @G
— = Wn(Mpy) + ! : — +(1 ! 2=0
@-rﬁ m( m) m m;2 @-rE ( ) d d;2
@u @
@—Iz ! mm;2+(1 ) Wg(Mg) + ! 4 d;2 @_§ =0
Assuming costs take the quadratic fornC;(T) = ., T+ i;z@, we obtain:
! 1 ! o+ M
Tr% - m m;2+ d 42 m;1 Wm( m); (14)
m;2 m;2 m;2
! ! 1+ wWg(M
T¢ = 4 e . m d d(Maq) (15)
d;2 1 d;2 d;2
Di erentiating the rst-order condition for Tg with respect to ., yields:
I
oF . = (16)
@m;Z 1 d;2

We thus have that @@T-Ez > 0 and increasing in . So, as in the model in the
main text, paternal investment increases with the mother's expected returns, and
the responsiveness of paternal investment to mothers' returns is increasing in her
bargaining power . Based on Equations (14) and (15), we estimate the following
equations using Seemingly Unrelated Regressions:

1 1

SpeeChych = @m+ 1m m2t 2m d2t amy— d2t oami—

Mhp Mhn

+ 1;mOCCm+ z;mOCC}n Mh+ mCm+ me;c;h+ m;c;h (17)

Speechcn = 8+ 1d a2t 2d m2t 3dMn m2+ 4aMn
+ 190cq+ 24d0cqy Mp+ 4Cq+ oXgeh+ aeh  (18)
Speech., denotes the time spent in productive speech investment by parent
in child c in householdh. As before, ;.; isi's expected returns to speech an@; is
the reported perceived costM;, captures the prevalence of matriliny in the village.
The X, vector includes parent, child, and household-level controls, as in our main
speci cation. The variable Ocg¢ denotes the primary productive activity of parent
i, such as tending horticultural gardens, shing, or other (omitted category). Each
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occupation dummy equals one if parent reports this activity as their main source

of money. The coe cients on these dummies proxy for the shadow wage associated
with each occupation. We treat occupation as exogenous and xed in the short run,
re ecting that it is typically determined by local resource endowments and not easily
adjusted. Our goal is not to model occupational choice, but to capture how the shadow
value of time allocated between productive activities and child investment varies
with occupational type. To allow this opportunity cost to di er by inheritance type,

we interact Ocg with the prevalence of matriliny, My. In our sample, 51% of women
(32% of men) report horticulture as their main source of income, while 17% of women
(32% of men) report shing as their main source of income.

Table B2 shows the estimation results of equations (17) and (18) are very similar
to our main model estimates from Table 3. In particular, our main result that father
speaks more when the mother expects high return and has more bargaining power
remains unchanged and is actually larger in magnitude. The coe cients on the oc-
cupation dummies are imprecisely estimated, suggesting a limited average trade-o
between productive work and speech-based investment in children. Nonetheless, the
signs of the coe cients are consistent with theoretical expectations: both mothers and
fathers tend to speak less to children when their time carries a higher opportunity
cost. For mothers, however, the e ect is muted or reversed in matrilineal villages.

Functional form assumptions of the bargaining power shifter and cost func-

tion. We explore di erent assumptions in the model presented in Section 4 with
implications for the estimation procedure. From this point forward in this section, we
normalize the cost function by setting i, = 1 fori = m;d. Under this normalization,
the optimal investments strategies<,, and x4 are given by:

1
X

m="'m m2+( ) d a2 m; 1 (19)

Xg="'qg g2+ ( 1 Nm m2 d;1 (20)

With the normalization, the preference parameterd ,, and ! 4 are both identi-
ed. We estimate Equations (19) and (20) under two di erent assumptions of the
relationship between the mother's pareto weight and matriliny.

Linear Relationship. We rst maintain the linearity assumption and further assume
that — = M. Under this assumption, the preference parametels, and! 4 are both
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identi ed from both equations. We estimate them jointly using maximum likelihood
with the following equations:

1 1
Speechﬁ;c;h =an+ 1Rm+ 2m Reg+ 37Ra+t 4mia
Mh Mh (21)

T 1im Cm + mxm;c;h + mich
Speeclen = ag+ 3Rg+ 2dRm+ 1MpRg+ 44Mp 22)
+ 1;dCd + de;c;h + dich-

Note that 1, which estimates the structural parameter ,, and 3, which esti-
mates the structural parameter 4, are identi ed through the joint estimation of both
parental investment equations. We are primarily interested in; which measures the
responsiveness of father's investment to mother's expected return when she has more
bargaining power (in Equation 22).

Table B3 reports the results. Fathers' investments remain responsive to mothers
beliefs when mothers have greater bargaining power:is positive and statistically
signi cant across all paternal investment measures, including CTC. This demonstrates

the robustness of our ndings to alternative assumptions and estimation procedures.
Logistic Relationship.Second, we relax the assumption of linearity gf— in matriliny.
We consider instead that the mother's pareto weight is a logistic function of matriliny:

1
1+exp (ot 1M)

(M) = (23)

Under this assumption, the preference parametets, and! 4, as well as the param-
eters o and 4, are identi ed and included in both equations. As before, we estimate
the equations jointly. The equations for estimations are similar to Equations (21) and
(22), with the key di erence that M}, takes the functional form speci ed by Equation
(23). We employ feasible generalized nonlinear least squares for estimation. A subset
of estimated parameters are displayed in Tables B4. We nd a positive and precisely
estimated ;, con rming that mothers' returns are a positive driver of paternal invest-
ments when she has higher bargaining power. The results are statistically signi cant
for all quantitative measures of investments: total vocalizations, vocalizations at high
pitch, as well as conversational turns.

Spousal altruism. In the utility function we posit in Equation (1), we assume that
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each parent derives utility about the child's human capital but does not internalize
the cost of parental investment born by the other parent. This assumption would
be violated if spouses are altruistic and care about each other's costs. The litera-
ture suggests that matrilineal inheritance may reduce spousal altruism (e.g. Lowes
(2022)). To account for this possibility, we add the spouse's direct cost into the par-
ent's cost function, interacted with our bargaining power shifter. Table B5 displays
the estimation results for our three main measures of paternal investment. Our main
results are robust.The estimated coe cients and standard errors hardly change when
the cross direct cost is included. The coe cient associated with spousal cost is never
statistically signi cant at conventional levels, either on its own or interacted with ma-
triliny, suggesting that potential heterogeneity in spousal altruism across inheritance
structures is not relevant in our context.

Relaxing linearity of the production function of language. In Section 4, we as-
sume linearity in the subjective child language production function (see equation (4)).
This assumption implies that the rst-order conditions determining optimal parental
investment are independent of the child's endowment. We now relax this assump-
tion by examining how our results vary when conditioning on the child's language
endowment. While we do not explicitly model optimal parental investment under al-
ternative non-linear speci cations of the subjective production function, the revised
estimating equations can be interpreted as linear approximations to the true optimal
decision rules (e.g., Keane and Wolpin 1997). We measure child language endowment
using the child's total daily vocalizations Prior work shows that vocalization rates
rise with age and predict later language development (e.g., Wang et al. 2020). Vocal-
izations are recorded contemporaneously with parental speech, and we assume that
a child's language ability at the start of aget in uences parental speech investment

at that same age. Table B6 reports results from our main speci cation augmented
with this measure. Our ndings are unchanged, indicating that conditioning on child
endowment does not a ect the estimated e ect.

Assumptions on the structure of the error term and sample. We consider

di erent assumptions on the error term and sample. First, we jointly estimate all
outcomes in a seemingly unrelated regression to account for the possibility that the
error terms are correlated across equations for each of the outcomes since they are all
measured by the same recording. The results in Table B8 are almost identical to our

18



main results. Next, because 14 of 182 households have multiple recorded children, we
cluster standard errors at the household level and also implement a village-level block
bootstrap (given 41 villages, the clustering level in our main speci cation). Finally,
we retain only one recorded child per household choosing the child closest to age 2,
or randomly in the case of twins. Table B9 shows that our ndings are robust to all
these choices.
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Table B1: Dropping Violators of Monotonicity, Including Negative Returns, Dropping
Missing Observations, and Using Average Returns

DV: Father's speech (1) (2) (3) (4)

Panel A: Father's vocalizations
Matrliny Mother's Returns 102.350*** 95.569*** 83.063** 85.975**
(33.991) (31.311) (36.935) (39.193)

Observations 196 196 154 196
Mean DV 1312.15 1312.15 134597 1312.15
SD DbV 560.82 560.82 576.39 560.82

Panel B: Father's vocalizations at high pitch
Matrliny ~ Mother's Returns 32.971**  30.767** 25.962* 31.567*
(14.407) (12.765) (14.840) (16.225)

Observations 196 196 154 196
Mean DV 567.08 567.08 581.37 567.08
SD bV 250.71 250.71 254.70 250.71

Panel C: Father's pitch
Matrliny  Mother's Returns 0.263***  0.227** 0.260*** 0.197***
(0.085) (0.081) (0.086)  (0.076)

Observations 196 196 154 196
Mean DV 22.56 22.56 22.45 22.56
SD DV 1.25 1.25 1.27 1.25
# Custers 41 41 41 41
Drop violators of monotonicity: Y N N N
Include negative returns: N Y N N
Drop missing observations: N N Y N
Use average returns: N N N Y

* p< 0.10, ** p<0.05, ** p < 0.01. Table presents results from the joint estimation of
mother and father equations, and displays father's results only. Unit of observation is a
child. Each panel heading A-C indicates the dependent variable. Each outcome is the
weighted average of recordings (by duration of recording). Column (1) drops violators of
monotonicity. Column (2) includes negative returns. Column (3) drops observations with
missing returns and costs information. Column (4) uses the average of returns for speech,
school readiness, and primary school performance. All estimates control for fathers returns
and costs, each interacted with matriliny, as well as the child's age, age squared, and gender,
the number of children in the household, whether the recorded child is the father's biological
child, the asset index, the father's cognitive ability, age, age squared, and occupation, and
a province xed e ect. Standard errors clustered at the village level in parentheses. All
estimates are weighted by the total duration of recordings.
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Table B2: Robustness to including proxies of shadow wages

DV: Vocalizations per day Mothers Father
1) 2 3 4)
Bargaining power 39.431 74.095 105.945 253.699
(42.750)  (59.995) (266.160) (435.021)
Mother's Returns 42.074 68.748* -21.734 -24.642
(25.652)  (41.587) (20.448) (21.533)
Father's Returns 17.436 10.311 -5.331 1.633
(29.675)  (33.581) (13.373) (16.863)
Own's Costs 11.393 37.250 -15.404 -11.565
(19.227)  (35.415) (9.361) (10.868)
Bargaining power O Father's Returns -2.391 -1.330 -22.715
(4.076) (5.024) (47.774)
Bargaining power O Mother's Returns -3.918 102.910*** 109.838***
(5.896) (36.394) (36.977)
Bargaining power O Own Costs -3.712 -16.357
(4.407) (18.326)
Income from land -206.827  -213.434 14.192 4.686
(154.001) (141.012) (136.129) (132.784)
Income from land O Matriliny 361.113 290.103 -171.738 -164.384
(337.208) (335.130) (290.115) (275.764)
Income from sh -39.897 -46.908 -31.180 -33.166
(245.066) (240.366) (146.064) (145.048)
Income from sh O Matriliny 185.486 160.378 -232.410 -211.586
(368.597) (376.942) (282.631) (282.895)
Observations 196 196 196 196
# Clusters 41 41 41 41
R? 0.30 0.30 0.17 0.17
Mean DV 2,782.89 2,782.89 1,312.15 1,312.15
SD DV 931.40 931.40 560.82 560.82

*p< 0.10, ** p<0.05, ** p < 0.01. The table presents results from the joint estimation of
mother and father equations. Unit of observation is a child. Each outcome is the weighted
(by duration of recording) average of recordings. All estimates control for the child's age,
age squared, and gender, the number of children in the household, whether the recorded
child is the father's biological child, the asset index, the parent's cognitive ability, age,
and age squared (mother in cols 1-2 and father in cols 3-4), and a province xed e ect.
Missing observations imputed for beliefs and cognitive ability, and all estimates include
indicator variables for missing observations. Standard errors clustered at the village level
in parentheses. All estimates weighted by the total duration of recordings.
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Table B3: Robustness to Joint Estimation and Di erent Assumptions on Cost Pa-
rameters

DV: Adult speech Vocs CTC  Vocs at High Pitch Pitch
1) (2) (3) 4)
Mother's return ( ;) 65.261***  20.229 24.796*** 0.211***
(20.370) (12.594) (8.704) (0.077)
Father's return ( 3) -3.673 0.783 -1.856 0.055
(3.886) (2.289) (1.692) (0.036)
Mother's cost ( 1.,)  10.101 10.363 6.512 -0.022
(19.006) (16.023) (8.132) (0.016)
Father's cost ( 1) -16.365*  -5.323 -6.029 0.038**
(8.583) (4.801) (3.906) (0.018)
Observations 196 196 196 196
# Clusters 41 41 41 41
R? Father equation 0.20 0.32 0.24 0.31
Mean DV 1,312.15  441.93 567.08 22.56
SD DV 560.82 260.99 250.71 1.25

*p< 0.10, ** p<0.05, ** p < 0.01. Table presents results from the joint estimation of
mother and father equations. The parameters ; and 3 are estimated simultaneously
from both equations. Unit of observation is a child. The dependent variables are: the
number of adult vocalizations per day (column 1), the number of conversational turns per
day between the child and adult speakers (column 2), the number of adult vocalizations
at high pitch per day, where the high pitch threshold is the speakers' median pitch within
1 second of a child vocalization (column 3), and the median pitch of the adult speaker's
voice within 1 second of a child vocalization (column 4). Each outcome is the weighted
average of recordings (by duration of recording). All estimates control for a province
xed e ect and the standard controls of the main speci cation: the recorded child's age,
age squared, and gender, the number of children in the household, whether the recorded
child is the father's biological child, the mother's and father's age, age squared, cognitive
ability, and occupation, and the household asset index. Missing observations imputed
for beliefs, cognitive ability, and age, and all estimates include indicator variables for
missing observations. Standard errors clustered at the village level in parentheses. All
estimates are weighted by the total duration of recordings.
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Table B4: Robustness to Joint Estimation and Non-Linear Assumptions on Pareto
Weights

DV: Adult speech Vocs CTC Vocs at High Pitch  Pitch
@) 2) 3 4)
Mother's returns ( 1) 48.433* 40.963** 22.001* 0.046**
(26.543)  (19.671) (12.308) (0.021)
Father's returns ( 3) 0.000 0.000 0.000 0.001
(0.000) (0.000) (0.001) (0.009)
Mother's cost ( 1:m) 7.523 10.193 4.766 -0.018
(21.003) (16.959) (8.904) (0.018)
Father's cost ( 1) -20.894*  -8.631* -8.394* 0.036*
(9.653) (5.091) (4.428) (0.021)
Pareto Weight
0 -15.866 -16.838 -16.783 -3.158
(28.170) (48.008) (39.327) (6.389)
1 (Matriliny) 18.393 17.951 19.273 4.288
(31.418) (53.529) (43.873) (6.530)
Observations 196 196 196 196
R? Mother 0.175 0.262 0.218 0.207
R? Father 0.173 0.260 0.217 0.261
# Clusters 41 41 41 41

* p< 0.10, ** p<0.05, ** p < 0.01. Table presents results from the non-linear
joint estimation of mother and father equations. The parameters ; and 3 are
estimated simultaneously from both equations. Unit of observation is a child. The
dependent variables are: the number of adult vocalizations per day (column 1),
the number of conversational turns per day between the child and adult speakers
(column 2), the number of adult vocalizations at high pitch per day, where the high
pitch threshold is the speakers' median pitch within 1 second of a child vocalization
(column 3), and the median pitch of the adult speaker's voice within 1 second of a
child vocalization (column 4). Each outcome is the weighted average of recordings
(by duration of recording). All estimates control for the child's age, age squared,
and gender, the number of children in the household, whether the recorded child is
the father's biological child, the household asset index, the mother's and father's
cognitive ability, age, age squared, and occupation, and a province xed e ect.
Standard errors clustered at the village level in parentheses. All estimates are
weighted by the total duration of recordings.
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Table B5: Robustness to Spousal Altruism

DV: Father's speech Vocs Vocs at High Pitch  Pitch
1) 2 3
Matriliny ~ Mother's Returns 99.199*** 32.240** 0.281***
(32.669) (14.299) (0.090)
Matriliny ~ Mother's Costs -55.054* -13.261 0.018
(32.903) (14.215) (0.085)
Mother's Returns -25.323 -8.558 -0.066
(21.057) (8.498) (0.040)
Mother's Costs 9.486 1.148 0.027
(12.434) (5.362) (0.033)
Father's Returns 1.626 -1.343 0.074~*
(17.604) (7.896) (0.041)
Father's Costs -19.328 -6.663 0.033
(13.209) (5.860) (0.028)
Matriliny 305.093 175.449 -0.861
(498.061) (216.530) (0.804)
Observations 196 196 196
R? 0.22 0.26 0.32
# Clusters 41 41 41
Mean DV 1,312.15 567.08 22.56
SD DV 560.82 250.71 1.25

*p< 0.10, ** p<0.05, ** p < 0.01. Table presents results from the joint estimation of
mother and father equations, and presents father results, only. Unit of observation is a
child, and outcomes are the weighted average of recordings (by duration of recording).
All estimates control for the interaction of father's returns and costs with matriliny, the
child's age, age squared, and gender, the number of children in the household, whether
the recorded child is the father's biological child, the household asset index, the father's
cognitive ability, age, age squared, and occupation, and a province xed e ect. Missing
observations imputed for beliefs cognitive ability, and age, and all estimates include
indicator variables for missing observations. Standard errors clustered at the village
level in parentheses. All estimates are weighted by the total duration of recordings.
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Table B6: Robustness to Conditioning on Key Child's Vocalizations

DV: Father's speech Vocs Vocs at High Pitch  Pitch
(1) (2) 3)
Matriliny ~ Mother's Returns 101.068*** 32.695** 0.267***
(34.307) (14.386) (0.084)
Mother's Returns -29.255 -10.957 -0.068*
(21.615) (8.693) (0.041)
Father's Returns 0.072 -2.537 0.066
(17.488) (8.268) (0.042)
Father's Costs -11.135 -4.930 0.033
(10.530) (4.623) (0.022)
Matriliny 239.945 171.422 -0.714
(409.052) (177.707) (0.663)
Observations 196 196 196
R? 0.23 0.28 0.32
# Clusters 41 41 41
Mean DV 1,312.15 567.08 22.56
SD DV 560.82 250.71 1.25

* p< 0.10, ** p<0.05, ** p < 0.01. Table presents results from the joint estimation of
mother and father equations, and presents father results, only. Unit of observation is a
child, and outcomes are the weighted average of recordings (by duration of recording).
All estimates control for the key child's vocalizations per day, as well as the interaction
of father's returns and costs with matriliny, the child's age, age squared, and gender, the
number of children in the household, whether the recorded child is the father's biological
child, the household asset index, the father's cognitive ability, age, age squared, and
occupation, and a province xed e ect. Missing observations imputed for beliefs cognitive
ability, and age, and all estimates include indicator variables for missing observations.
Standard errors clustered at the village level in parentheses. All estimates are weighted
by the total duration of recordings.
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Table B7: Robustness

: Alternative Cost Function

DV: Father's speech 1) ) ?3) 4) (5) (6) @) 8) 9) (10) (11) (12) (13)
Panel A: Father's vocalizations
Matriliny ~ Mother's Returns  106.589*** 105.200*** 102.350*** 97.300** 95.499%** 96.270%* 113.568** 95.816%** 104.715%** 100.983***  99.134***  118.459*** 100.921***
(35.069) (35.483) (33.991) (39.621) (32.962) (32.311) (44.830) (32.269) (33.939) (34.009) (32.465) (31.327) (35.497)
Observations 196 196 196 196 196 196 196 196 196 196 196 196 196
Mean DV 1312.15 1312.15 1312.15 1312.15 1312.15 1312.15 1312.15 1312.15 1312.15 1312.15 1312.15 1312.15 1312.15
SD bV 560.82 560.82 560.82 560.82 560.82 560.82 560.82 560.82 560.82 560.82 560.82 560.82 560.82
Panel B: Father's vocalizations at high pitch
Matriliny Mother's Returns  35.866** 34.640** 32.971* 34.190** 29.892** 30.138** 32.830* 25.497* 34.376* 32.321* 31.298** 38.136*** 26.887*
(14.732) (14.832) (14.407) (17.185) (13.889) (13.573) (17.545) (13.359) (13.908) (14.346) (14.064) (12.913) (15.950)
Observations 196 196 196 196 196 196 196 196 196 196 196 196 196
Mean DV 567.08 567.08 567.08 567.08 567.08 567.08 567.08 567.08 567.08 567.08 567.08 567.08 567.08
SD bV 250.71 250.71 250.71 250.71 250.71 250.71 250.71 250.71 250.71 250.71 250.71 250.71 250.71
Panel C: Father's pitch during conversational turns
Matriliny Mother's Returns  0.254*** 0.261%** 0.263*** 0.261*** 0.275*** 0.271*** 0.142* 0.284*** 0.270*** 0.274%** 0.274*** 0.268*** 0.303***
(0.085) (0.082) (0.085) (0.083) (0.087) (0.088) (0.073) (0.075) (0.083) (0.088) (0.095) (0.085) (0.091)
Observations 196 196 196 196 196 196 196 196 196 196 196 196 196
Mean DV 22.56 22.56 22.56 22.56 22.56 22.56 22.56 22.56 22.56 22.56 22.56 22.56 22.56
SD bV 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
# Clusters 41 41 41 41 41 41 41 41 41 41 41 41 41
Controls: None Child Full All interactions  Full+Care Full+Care+Sister Full+Date Full+Language Full+Child Vocs Market ~ Community School Elected

* p< 0.10, ** p<0.05, *** p < 0.01. Table presents results from the joint estimation of mother and father equations, and displays father's results only. Unit of observation is a child, and outcomes are the weighted average
of recordings (by duration of recording). Each panel heading A-C indicates the dependent variable. Column (1) shows our main result in an uncontrolled regression. Column (2) adds only the following child controls: the
child's age, age squared, and gender, as well as a dummy variable for the household's randomized treatment assignment in the child-directed speech intervention baseline. Columns (3)-(9) add the following controls: the
number of children in the household, whether the recorded child is the father's biological child, the household asset index, and the father's cognitive ability, age, age squared, and occupation. Column (3) thus displays our
baseline coe cient. Column (4) interacts all controls with matriliny. Column (5) adds to the full controls in column (3) the total amount of help with child care that the mother receives from female and male caregivers,
separately. Column (6) additionally controls for whether the recorded child has an older sister. Column (7) controls for date of recording xed e ects. Column (8) controls for language xed e ects. Column (9) controls

for total vocalizations from children who are not the key child. Columns (10)-(13) include village-level characteristics, interacted with mothers' and fathers' returns and costs, in the following order: market in village (10),
community center in village (11), primary school in village (12), village leader is elected (13). In all speci cations, standard errors are clustered at the village level. Missing observations imputed for beliefs, cognitive ability,
and age, and all estimates include indicator variables for missing observations. All estimates are weighted by the total duration of recordings.



Table B8: Joint Estimation of All Outcomes

DV: Father's Speech Vocs CTC Vocs at High Pitch  Pitch
1) 2 ®3) (4)
Matriliny ~ Mother's Returns 107.718***  16.276 35.660** 0.251***
(35.045) (16.996) (14.924) (0.084)
Matriliny  Father's Returns -26.931 -21.957 -20.054 -0.059
(45.496) (15.863) (20.917) (0.080)
Matriliny  Father's Costs -14.874 -0.184 -4.638 0.025
(15.867) (8.319) (8.113) (0.045)
Mother's Returns -26.581 -10.153 -9.653 -0.061
(21.998) (8.010) (8.847) (0.042)
Father's Returns 3.946 3.007 -0.415 0.069*
(16.290) (7.245) (7.616) (0.041)
Father's Costs -8.653 -4.138 -3.911 0.033
(8.339) (5.024) (3.635) (0.022)
Matriliny 146.849 168.962 131.174 -0.672
(377.442) (155.424) (163.291) (0.644)
Observations 196 196 196 196
R? 0.205 0.267 0.252 0.313
Mean DV 1312.15 441.93 567.08 22.56
SD DV 561.83 260.99 250.72 1.25

* p< 0.10, ** p<0.05, ** p < 0.01. Table presents results from the joint estimation of the mother
and father equations across all outcomes, and displays father's results only. Unit of observation is
a child. Outcomes are measures of adult male speech, indicated at the top of each column, which
are the weighted average of recordings (by duration of recording). All estimates control for father's
returns and costs, each interacted with matriliny, as well as the the child's age, age squared, and
gender, the number of children in the household, whether the recorded child is the father's biological
child, the father's cognitive ability, age, age squared, and occupation, the household asset index, and
a province xed e ect. Missing observations imputed for beliefs, cognitive ability, and father's age,
and all estimates include indicator variables for missing observations. Standard errors clustered at the
village level in parentheses. All estimates are weighted by the total duration of recordings.
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Table B9: Robustness: Clustering by Household, Block Bootstrapping, Dropping
Second Recorded Child, and Duration Thresholds

DV: Father's speech 1) 2 3) 4) (5)

Panel A: Father's vocalizations
Matriliny Mother's Returns  102.350** 102.350** 114.143***  94.602*** 91.323**

(46.681) (48.249) (32.674) (33.043) (38.079)
Observations 196 196 182 186 176
Mean DV 1312.15 1312.15 1319.39 1306.72 1297.91
SD DV 560.82 560.82 564.79 560.96 552.78
Panel B: Father's vocalizations at high pitch
Matriliny ~ Mother's Returns ~ 32.971* 32.971 38.987*** 30.850** 28.763*

(18.841) (20.889) (13.385) (14.036) (16.545)
Observations 196 196 182 186 176
Mean DV 567.08 567.08 569.67 564.30 561.89
SD DV 250.71 250.71 252.15 250.31 247.39

Panel C: Father's pitch during conversational turns

Matriliny ~ Mother's Returns  0.263*** 0.263* 0.269*** 0.226%** 0.254***

(0.083) (0.139) (0.075) (0.076) (0.072)
Observations 196 196 182 186 176
Mean DV 22.56 22.56 22.49 22.57 22.56
SD DV 1.25 1.25 1.22 1.23 121
Sample: Full Full One Child > 5th ptile > 10th ptile
Clustering: Household Block Bootstrap Village Village Village
# Clusters 182 41 41 40 40

* p< 0.10, ** p<0.05, ** p < 0.01. Table presents results from the joint estimation of mother and father
equations, and displays father's results only. Unit of observation is a child. Each panel heading A-C indicates
the dependent variable, a speci c measure of adult male speech, which is the weighted average of recordings
(by duration of recording). All estimates control for father's returns and costs, each interacted with matriliny,

as well as the the child's age, age squared, and gender, the number of children in the household, whether the
recorded child is the father's biological child, the father's cognitive ability, age, age squared, and occupation, the
household asset index, and a province xed e ect. Missing observations imputed for beliefs, cognitive ability, and
father's age, and all estimates include indicator variables for missing observations. Standard errors are clustered
by household in column (1), block bootstrapped at the village level in column (2), and clustered by village in
columns (3)-(5). Column (3) is additionally restricted to one recorded child per household (keeping the one
closest to 24 months or, in the case of twins, a randomly selected child. In columns (4) and (5), we restrict the
sample to children whose recording durations are above the 5th and 10th percentiles, respectively. All estimates
are weighted by the total duration of recordings.
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