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Abstract

Excessive work among adolescents may compromise educational development. With-
out home appliances, household work can take over 50 h a week and an additional 30 h
when an infant is present. School-aged girls are often tasked with doing laundry, which is
time-consuming and inflexible without a washing machine. We determined the associa-
tion between washing machine ownership and school attendance among adolescents ages
10-19 years in 19 middle-income countries between 2000 and 2021 (N=1,622,514). We
controlled for socioeconomic and demographic characteristics, all neighborhood-level fac-
tors, and examined differences by sex, age, household wealth, and period. No relationship
between washing machine ownership and school attendance was found in most countries:
However, there was a substantial association for girls in Tiirkiye and a small to moderate
association for girls in Egypt and Albania. In Tiirkiye, for example, girls living in house-
holds with a washing machine had 28% (95% CI 19, 37) greater school attendance com-
pared to girls living in households which did not. No association was observed for boys.
The results suggest that household ownership of a washing machine does generally not
improve school attendance among girls, except possibly in specific contexts.
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1 Introduction

Schooling is widely held as a cornerstone of economic as well as human development (De
Neve et al. 2020). For individuals, acquiring education improves their own and their chil-
dren’s income, health, and well-being (Karlsson et al. 2018; De Neve et al. 2015). An edu-
cated population helps increase entrepreneurial activity, economic growth, and tax revenue
to finance essential public infrastructure. It also provides skills for filling the increasingly
complex roles countries need to stay competitive and attain the highest living standards
for their citizens. Girls’ education has historically lagged behind that of boys and contin-
ues to do so in many countries (UNESCO 2022), while female education is believed to
hold particular potential, for example, for improving child health (Caldwell 1979). There-
fore, numerous development goals center on education with a special focus on girls (WHO
2015).

UNESCO (2022) estimated that 89% of the relevant age group was enrolled in primary
education in 2018 globally. However, the enrolment rate fell to 66% for secondary school.
Many factors contribute to the fall in enrollment after primary school, such as poor school
quality, long travel times from the household to school, and lack of finances for school fees.
Poverty is an underlying cause (Jabbarian et al. 2022). "Child labor"—defined as "work
that deprives children of their childhood, their potential and their dignity, and that is harm-
ful to physical and mental development" and "interferes with their schooling"—is another
common consequence of poverty that negatively affects schooling in many countries (ILO
2022b; Putnick and Bornstein 2015). School-aged girls are more often tasked with work
inside the home—such as cooking, cleaning, and laundry—while boys work outside the
home or in family production (i.e., on a family farm), mirroring other gendered work.

Household appliances can potentially reduce the workload from household work
(Cowan 1983; Mokyr 2000) and therefore reduce the need for employing children within
the household, enabling them to attend school. For example, in a study from China,
12—18-year-old girls spent 102 min less on household work per week and were 17% more
likely to attend school when living in households with a washing machine, while the effect
was much less pronounced among boys (Kerr 2019). In India, ownership of time-saving
household appliances, such as a refrigerator, increased school enrollment and decreased
employment rates among adolescents ages 12—18 years (Bhargava and Kerr 2021). In addi-
tion to reducing the time spent on household chores, washing machines can also increase
school attendance by removing microorganisms and thereby improving children’s physical
health — e.g., through washing clothes at 130 degrees Fahrenheit or higher, particularly in
contexts where infectious diseases are common among school-age children (Karlsson et al.
2020; Shi et al. 2022).

The importance of household appliances for girls’ school attendance is likely to be
highly context-dependent and vary according to gender norms, school access, and other
factors, such as school quality, fertility, and the need for labor within the home. However,
to our knowledge, no study has comprehensively examined the quantitative relationship
between ownership of a washing machine and school attendance across a wide range of
contexts. For example, no similar studies have been identified from the African region,
where children relatively frequently engage in domestic work at an early age and school
attendance remains persistently low (Graetz et al. 2020). To begin to address this gap in
the literature, this study therefore examined the association between ownership of a wash-
ing machine and school attendance using nationally representative data on 1.6 million
adolescents living in 19 middle-income countries between 2000 and 2021. We studied
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heterogeneity in the association across sex, age, household wealth, and year and adjusted
for socioeconomic and demographic characteristics as well as all observed and unobserved
factors at the level of the adolescent’s neighborhood or village.

2 Data and methods
2.1 Data

The empirical analyses presented in this paper were based on individual-level data from
the nationally representative Demographic and Health Surveys (DHS), which are con-
ducted regularly in numerous low- and middle-income countries. Standardized question-
naires and measures were used so that the surveys are comparable between countries and
survey years. The sampling was based on stratified multi-stage sampling. Stratification was
usually done by geographic or administrative sub-national regions crossed with the type
of residence (urban or rural). Primary sampling units, usually neighborhoods or villages
(often the enumeration areas of the most recent census), were sampled within each stratum
based on a probability proportional to population size. Households were sampled from the
primary sampling units. Several questionnaires are administered in each household. This
study only used data from the household schedule, which collects basic information about
each household member—such as age, sex, and education—and the household question-
naire, which collects basic information about the household, such as ownership of certain
assets (e.g., washing machine, refrigerator, television) and amenities (e.g., electricity, type
of toilet).

The DHS response rates have been very high, typically exceeding 90% (Corsi et al.
2012). Non-responses are not replaced, and smaller population segments are oversampled
to acquire adequate observations for analysis. Sampling weights—calculated as the inverse
probability of being included in the survey—are provided to adjust for oversampling and
non-responses and to improve precision (Aliaga and Ren 2006). Additional information on
the DHS surveys is available elsewhere (Aliaga and Ren 2006; Corsi et al. 2012), as well as
DHS final country reports (DHS 2022).

2.2 Study population and inclusion criterion

Following the WHO (2022) definition of adolescents, we included 10-19-year-olds. Infor-
mation on ownership of washing machines is not a part of the core questionnaire in the
DHS but is sometimes added in the surveys to meet local conditions and needs (e.g., wash-
ing machine ownership was presumably added according to country income level to obtain
appropriate data for constructing an asset index). All surveys including this information
were considered for inclusion. The analysis was restricted to countries where at least 5%
and at most 95% of the analytical sample attended school or had a washing machine to
ensure sufficient variation in the outcome and exposure variables.

Only usual residents of interviewed households were considered. The complete sam-
ple consisted of 1,622,514 adolescents in 38 surveys from 19 countries: Albania, Arme-
nia, Azerbaijan, Colombia, Egypt, Gabon, Guatemala, Guyana, India, Indonesia, Kyrgyz
Republic, Moldova, Morocco, Pakistan, Peru, Philippines, South Africa, Tajikistan, and
Tiirkiye (Supplementary Table S1 and S2). These countries were all classified by the
World Bank as middle-income at or around the time when surveyed. A few countries were
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still classified as low-income at the time of survey—specifically, Pakistan in the earliest of
three surveys, conducted in 2006 (became a middle-income country in 2008); Tajikistan in
the earlier of two surveys, conducted in 2012 (became a middle-income country in 2014);
the Kyrgyz Republic, which was surveyed only in 2012 (became a middle-income country
in 2013); and Moldova, which was only surveyed in 2005 (became a middle-income coun-
try in 2006). The number of surveys for each country ranged from one to five surveys. The
earliest survey was conducted in 2000, and the most recent survey was in 2019-21. Most
countries had more than one survey, with Egypt having the most surveys (five).

We excluded observations with missing values for school attendance (n=1,213), wash-
ing machine (hereafter also called washer) ownership (n=>538), covariates (n=6,222),
and, lastly, neighborhoods with only a single valid observation (n=758) since at least
two observations are needed within a neighborhood when comparing neighbors (see Sec-
tion 2.6 for more information on this criterion). The remaining sample for analysis com-
prised 1,614,264 adolescents 10-19 years old (Supplementary Table S1). The small-
est analytical sample was from Moldova (n=5,457 from a single survey from 2010) and
the largest was from India (n=1,075,968 from two surveys conducted in 2015-16 and
2019-21).

2.3 Exposure

The main independent variable of interest was a binary indicator for whether the house-
hold where the adolescent resided owned a washing machine. Most surveys did not clearly
distinguish whether the question referred to automatic or manual washing machines. How-
ever, the Integrated Public Use Microdata Series IPUMS) (2022) indicates that these vari-
ables refer to an automatic washing machine. Further, survey reports suggest that these
data refer to automatic washing machines, calling them "electrical appliances,” "modern
conveniences," "appliances," and "durable goods" in their final reports (DHS 2022). As a
sensitivity analysis, described below, we also restrict the analytical sample to adolescents
living in households with access to electricity since electricity access is required for auto-
matic washing machines (Supplementary Fig. S16 and Table S24).

We focused on washing machines rather than other time-saving home appliances for
the following reason: doing laundry is a particularly time-consuming and inflexible work,
commonly done by adolescent girls, which often needs to be done by hand after fetching
water or traveling to a water source in the mornings (during school hours) to be dry and
ready by night time (Assaad et al. 2010). Data on the number of hours spent doing domes-
tic and economic activities in the past week was not consistently available across surveys.
We were, therefore, unable to study the association between domestic and economic activi-
ties of adolescents, such as doing laundry or farming, and school attendance.

2.4 Outcome

The main outcome studied was a binary indicator for whether an adolescent 10-19 years
old attended school during the school year in which the survey took place, constructed
from the household schedule, which collects basic information on all household mem-
bers. The variable was created from the question: "Did [NAME] attend school or any early
childhood education program at any time during the [YEAR] school year?" In addition, the
total number of school years completed in the survey year was studied as an outcome (see
Section 2.8 below).
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2.5 Control variables

Control variables were added to account for demographic, socioeconomic, and spatial differ-
ences which may confound the relationship between washer ownership and school attendance,
including fridge ownership, TV ownership, having a flush toilet, a wealth index z-score (lin-
ear and squared), number of household members (linear and squared), number of household
members under the age of five (linear and squared), age of the adolescent (linear and squared),
highest education level of an adult male in the household, and highest education level of an
adult female in the household, as well as all neighborhood-level factors. The highest educa-
tion levels of adult males and females in the household only referred to adults above age 25
and were categorized as 1) no education, 2) primary, 3) secondary, 4) higher, and 5) no adult
male/female in the household. The household wealth index—constructed using principal com-
ponent analysis of various assets and amenities—was provided with the DHS datasets. The
wealth index factor scores were converted into survey-specific z-scores by subtracting an over-
all (i.e., including all households in a survey) weighted mean and dividing by the standard
deviation.

The wealth index was constructed including washing machine ownership and its inclusion
as an independent variable might therefore plausibly control away some of the effect of wash-
ing machine ownership on school attendance. Washing machine ownership was, however,
only one of many variables used to construct the household wealth index, and individual items
generally do not contribute much to the index (Howe et al. 2012). Nevertheless, we addressed
this potential concern in the Section 2.8 where we excluded wealth index from our models.

Further, controlling for having a flush toilet, fridge, and TV at home could be problem-
atic due to multicollinearity or bad control problems—which would also obscure an effect of
washing machine ownership on school attendance—since a large majority of those who own
a washing machine also own a TV and a fridge, and most also have a flush toilet (Supplemen-
tary Table S3). However, calculating the variance inflation factor for the main terms in our
main model does not indicate serious multicollinearity (Supplementary Table S4). This issue
was also addressed with a sensitivity analysis where these covariates were excluded from the
models (shown in the Section 2.8).

2.6 Analysis

Our analysis proceeded in two steps. First, descriptive statistics show the proportion of ado-
lescents attending school (by sex) and living in households with washing machines. We also
show how those proportions and ownership of other everyday household items have evolved
over time, in the Supplement.

Second, modified Poisson regression models (i.e., with sandwich standard errors) were
used to estimate the association between washer ownership and school attendance (Zou
2004; Zou and Donner 2013). All models estimated school attendance (y) for an adolescent
(i) in neighborhood (n) in terms for being female (f), washer ownership, (x;) and interaction
between being female and washer ownership (f X x,), as well as control variables (x, ... x;),
all also interacted with being female (f X x)).

J
Poisson(y;, = 1) = a + pf,, + of , + Z [pj(f X xj)m + X i + 7 (f X xj)n + 7%, (1)
J=1
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The model was adjusted for neighborhood-level factors by adding a (weighted) neigh-
borhood-level mean for all independent variables including interaction terms (f X x, X, and
f) as independent variables (Schunck and Perales 2017; Wooldridge 2019). The neigh-
borhoods (or villages in rural areas) were indicated by the primary sampling units. Note
that were EQ1 estimated using the same variables but a linear regression instead of Pois-
son regression, all parameters below the neighborhood level would be identical if dummy
coded variables for neighborhoods were added as independent variables instead of the
neighborhood level means of all the independent variables (although the former approach
might not be computationally feasible due to the high number of neighborhoods). How-
ever, since these are estimated using Poisson models, the parameters differ between the two
approaches, most likely only slightly, but the interpretation remains the same.

The exponent of the coefficients for washer ownership (exp(x,)) gives the rate ratios
for males, showing the relative difference in school attendance for males with a washer at
home compared to males without (i.e., school attendance for those with a washer divided
by that of those without a washer). A rate ratio of one means an equal rate. A rate ratio
above one means greater school attendance for those with a washer at home (e.g., a rate
ratio of 1.2 means 1.2 times the rate or 20% greater rate). A rate ratio below one means
a lower rate for those with a washer at home (e.g., a rate ratio of 0.4 means 0.4 times
the rate or a 60% lower rate). The exponentiated coefficient for the interaction between
being female and having a washer (exp(p,)) shows the relative difference in rate ratio
for having a washer for females compared to males. Multiplying the exponentiated coef-
ficient for washer ownership by the exponentiated interaction term (explp;] X explx,] or
exp [pl + 71'1]) gives the rate ratio for females (done using post-estimation following Eq. 1).

Except for the term for being a female, all independent variables, including the neigh-
borhood-level averages, were centered around a (weighted) mean. The exponentiated con-
stant (exp(a)), therefore, shows school attendance for males with the mean on all other
independent variables. Multiplying the exponentiated constant by the exponentiated coef-
ficient for females (exp(a) X exp(f}) or exp(a + f#)) gives the school attendance for females
(done using post-estimation following Eq. 1).

Estimates were weighted using sampling weights rescaled to sum up to one in each sur-
vey. Each survey, therefore, contributed equally to the country estimates rather than being
affected by differences in sample sizes between surveys or changes in the underlying popu-
lation size. Weights for pooled estimates were further rescaled such that each country con-
tributed equally to these estimates. Robust standard errors used to construct 95% confi-
dence intervals were adjusted for clustering at the level of primary sampling units.

2.7 Stratification

Results were further stratified by age groups (10-13 years, 14—16 years, and 17-19 years)
and survey year categories. The stratification across survey years was only done for coun-
tries with more than one survey. Since the year of the survey and length of time between
surveys varied, the periodization was not the same in all countries: The surveys fell in three
periods: 2000-08, 2008-2016, and 2013-2021 (see Supplementary Table S5). At most
three periods were constructed for each country, even for countries with more than three
surveys. Finally, results were stratified across terciles of the household wealth index (i.e.,
dividing the final analytical sample for each country into three equally sized groups accord-
ing to the household wealth index).
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2.8 Supplementary and sensitivity analyses

First, we compared the role of household ownership of a washing machine with other
household assets and utilities with varying relevance for adolescents’ time-use and
school attendance. To do so, we considered the relationship between school attend-
ance and the presence in the household of 1) a refrigerator (Supplementary Fig. S3 and
Table S11), 2) piped drinking water (Supplementary Fig. S4 and Table S12), 3) elec-
tricity (Supplementary Fig. S5 and Table S13), 4) a car (Supplementary Fig. S6 and
Table S14), 5) a motorbike (Supplementary Fig. S7 and Table S15), 6) clean cooking
fuel (Supplementary Fig. S8 and Table S16), 7) a flush toilet (Supplementary Fig. S9
and Table S17), and, lastly, 8) a TV (Supplementary Fig. S10 and Table S18). Most
of these items could have an impact on school attendance through similar pathways as
washer ownership, that is by reducing the burden from household work (Supplementary
Appendix S1). Further, a potential impact may differ between boys and girls if the type
of work that is reduced is gendered. However, ownership of a TV seems unlikely to
affect school attendance differentially between girls and boys—while still being linked
to household wealth—and can serve as a placebo test.

Two, estimates were obtained using logit regression models (Supplementary Fig. S11
and Table S19) and linear regression models (Supplementary Fig. S12 and Table S20)
instead of Poisson regression models. Three, control variables for the presence of a flush
toilet, fridge, and TV in the household (Supplementary Fig. S13 and Table S21) and
the control variable for household wealth index z-score (Supplementary Fig. S14 and
Table S22) were excluded from the models. Four, the sample was restricted to descend-
ants of the household head since others could potentially include spouses or staff (Sup-
plementary Fig. S15 and Table S23). Five, we restricted the sample to households with
access to electricity (Supplementary Fig. S16 and Table S24). Six, the results were
stratified according to the overall share of adolescents attending school (Supplementary
Fig. S17 and Table S25). Seven, the association of washer ownership with the years of
education the adolescent had completed in the year of the survey was estimated, overall
(Supplementary Fig. S18 and Table S26) and stratified across survey years (Supplemen-
tary Fig. S19 and Table S27).

Eight, the results were stratified according to the extent of female disadvantage in
school attendance at the regional level (Supplementary Fig. S20 and Table S28). Nine,
results were obtained from a model adjusting for household level factors, estimating
the difference in the school attendance of boys and girls within the same households,
in households with and without a washer (Supplementary Fig. S21 and Table S29). The
models included baseline terms only for being female and age (since these were the only
independent variables that varied within households), as well as interaction terms for
female with age and all other independent variables.

See Supplementary Appendix S1 for more details and results from supplementary
and sensitivity analyses.
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3 Results
3.1 Descriptive statistics

Surveys with available data were conducted from 2000-2021 (Table 1). The share of
adolescents living in households with a washing machine ranged from 0.0722 (95% CI
0.0508, 0.0936) in Gabon (surveyed in 2012) to 0.866 (95% CI 0.852, 0.879) in Tiirkiye
(surveyed in 2003-04, 2008, 2013). Washer ownership rose over time in all countries
with more than one survey, except Egypt (Supplementary Fig. S2 and Table S5). The
increase was substantial in many countries, for example, Tiirkiye—where 0.73 (95% CI
0.71, 0.76) of adolescents had a washer at home in 2003-04, which rose to 0.96 (95%
CI 0.95, 0.97) in 2013—and Colombia, where ownership increased from 0.24 (95% CI
0.23, 0.26) in 2004-05 to 0.62 (95% CI 0.60, 0.64) in 2015-16. Ownership of other
household appliances, such as fridges and especially TVs, was greater than washers in
almost all countries.

The share of adolescents 10-19 years attending school during the survey year ranged
from 0.515 (95% CI 0.50, 0.53) in Pakistan (where surveys were conducted 2006-07,
2012-13, and 2017-18) to 0.91 (95% CI 0.90, 0.92) in the Kyrgyz Republic (from one
survey, conducted in 2012). A lower share of girls attended school in most countries,
particularly in Pakistan (—0.116; 95% CI—0.129,—0.103), Azerbaijan (—0.0879;
95% CI—0.11,—0.0658), Tajikistan (—0.0868; 95% CI-0.102,—-0.0714), Morocco
(—0.0835; 95% CI—-0.103,—0.0637), Guatemala (—0.0766; 95% CI—0.0921,—-0.061),
and Tiirkiye (—0.0678; 95% CI—0.0823,—0.0534). A greater share of girls than boys
attended school in Moldova (0.0496; 95% CI 0.03, 0.0692), the Philippines (0.0467;
95% CI 0.0358, 0.0576), Indonesia (0.0194; 95% CI 0.00795, 0.0308), and Colombia
(0.0165; 95% CI 0.00696, 0.026). School attendance increased over time in all countries
with more than one survey, except for girls in Guyana, where it decreased somewhat
between the two surveys conducted there, in 2005 and 2009 (Supplementary Fig. S1 and
Table S5).

3.2 Main results

The difference in school attendance between adolescents in households with and without
a washer was the largest for girls in Tiirkiye, where those in households with a washing
machine at home had a 28% greater school attendance, indicated by a rate ratio (RR) of
1.28 (95% CI 1.19, 1.37) (Fig. 1; Supplementary Tables S6 and S7 show the full model
outputs and tabulated estimates). Girls with a washer at home were 9% (RR 1.09; 95% CI
1.03, 1.16) more likely to attend school than girls without a washer at home in Albania and
4% (RR 1.04; 95% CI 1.02, 1.06) in Egypt.

The difference was not statistically significant (at a 5% level) for the other sixteen coun-
tries studied. However, boys with a washer at home were 5% (RR 1.05; 95% CI 0.9995,
1.10) more likely to attend school than boys that did not in Moldova (although the differ-
ence was only statistically significant at a 10% level). Girls in South Africa and Armenia
had a 4% (RR 1.04; 95% CI 0.999, 1.07 and 0.994, 1.088) greater school attendance, and
boys in South Africa had a 3% (RR 1.03; 95% CI 0.99, 1.06) greater school attendance
when living in households with a washer, although none of these differences were statisti-
cally significant. In Morocco, girls with a washer at home were 5% (RR 0.95; 95% CI 0.89,
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Fig.1 Results from poisson regression models of school attendance on washer ownership. Notes: Coun-
tries were ordered according to the relative difference in rate ratio between boys and girls. 95% confidence
intervals are shown. Estimates were weighted using sampling weights rescaled to sum up to one in each
survey. Pooled models were further rescaled such that each country contributed equally to the estimates. All
models included a baseline term for being female and baseline terms and interactions with being female for
washer ownership, fridge ownership, TV ownership, having flush toilet, a wealth index z-score, number of
household members, number of household members under age five, age, highest education level of a male
in household, and highest education level of a female in household, as well as adjusting for neighborhood.
Upper confidence limits were omitted for estimates above one and lower confidence limits were omitted for
estimates below one, for improved readability. See Supplementary Table S7 for tabulated estimates

1.01) less likely to attend school than those without a washer, although the difference was
not statistically significant.

The interaction terms indicating the relative difference in the association of washer
ownership between boys and girls was only statistically significant in Tiirkiye (1.29; 95%
CI 1.19, 1.39), Albania (1.08; 95% CI 1.01, 1.16), Colombia (1.03; 95% CI 1.009, 1.06),
and Egypt (1.02; 95% CI 1.003, 1.05) (Supplementary Table S7).

3.3 Results stratified by survey year

In Tiirkiye, in the earliest survey period (2003-04), girls with a washer at home had 18%
(RR 1.18; 95% CI 1.07, 1.31) greater school attendance than girls without a washer at
home and 30% (RR 1.30; 95% CI 1.12, 1.51) greater in the middle survey period (2008;
Fig. 2: Supplementary Table S8 shows tabulated estimates). In the most recent survey for
Tiirkiye (2013), however, that difference between girls and boys disappeared, and girls with
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Fig.2 Results from poisson regression models of school attendance on washer ownership: stratified by sur-
vey year. Notes: Countries were ordered according to the relative difference in rate ratio between boys and
girls from Fig. 1. 95% confidence intervals are shown. Estimates were weighted using sampling weights
rescaled to sum up to one in each survey. Pooled models were further rescaled such that each country con-
tributed equally to the estimates. All models included a baseline term for being female and baseline terms
and interactions with being female for washer ownership, fridge ownership, TV ownership, having flush toi-
let, a wealth index z-score, number of household members, number of household members under age five,
age, highest education level of a male in household, and highest education level of a female in household,
as well as adjusting for neighborhood. Upper confidence limits were omitted for estimates above one and
lower confidence limits were omitted for estimates below one, for improved readability. See Supplementary
Table S8 for tabulated estimates
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a washer at home had a non-statistically significant 2% (RR 0.98; 95% CI 0.82, 1.17) lower
attendance than girls without a washer. Note that the proportion with a washer at home had
reached 0.96 (95% CI0.95, 0.97) in Tiirkiye in 2013 (Supplementary Table S8).

Only in the earliest survey period in Egypt (2000, 2003, and 2005) and Albania
(2008-09) did girls with a washer at home have an advantage in school attendance (RR
1.05; 95% CI 1.02, 1.08 in Egypt and RR 1.10; 95% CI 1.02, 1.2 in Albania). In the lat-
est survey for Albania, however, which was conducted in 2017-18, washer ownership had
become very common (0.93; 95% CI 0.91, 0.94), while ownership was considerably lower
in the earliest survey, 2008-09 (0.78; 95% CI 75, 0.81). In Guyana, boys with a washer at
home had a 10% (RR 0.9; 95% CI 0.82, 0.995) lower school attendance than boys without a
washer in the earliest survey period (2005). Other differences were not statistically signifi-
cant. Notably, no country with a survey in the most recent period, 2013-21, had a statisti-
cally significant association between washer ownership and school attendance.

3.4 Results stratified by household wealth

In Tiirkiye, the relative advantage of girls with a washer at home in terms of school attend-
ance was 22% (RR 1.22; 95% CI 1.12, 1.33) among the poorest third, 31% (RR 1.31; 95%
CI 1.11 1.54) among the middle third, and 42% (RR 1.42; 95% CI 1.20, 1.68) among the
wealthiest third (Fig. 3; Supplementary Table S9 shows tabulated estimates). In Albania,
among the poorest third, girls with a washer at home had an 11% (RR 1.11; 95% CI 1.04,
1.20) greater school attendance than girls that did not: This difference was small and not
statistically significant for the middle (RR 1.05; 95% CI 0.94, 1.18) and wealthiest thirds
(RR 0.95; 95% CI 0.80, 1.13), for whom the proportion washer ownership was very high,
0.99 (95% C1 0.989, 0.9969) (Supplementary Table S9). In Egypt, in the poorest third, girls
with a washer at home had 15% (RR 1.15; 95% CI 1.10, 1.20) greater school attendance
than girls without, while the difference was small in the wealthiest third (RR 0.98; 95% CI;
96, 0.99) and absent and non-statistically significant for the middle wealth tercile (1.00;
95% CI 0.96, 1.05).

In Guyana, among the poorest third, girls with a washer at home had 34% (RR 0.76;
95% CI 0.59, 0.99) less school attendance. The proportion of adolescents with a washer
at home was, however, very low, at just 0.00587 (95% CI -0.00162, 0.0134) (Supplemen-
tary Table S9). Further, in Morocco, only relatively small and non-statistically significant
differences in school attendance were observed between adolescents with and without a
washer at home for the middle (eg for girls, RR 1.07; 95% CI 0.80, 1.43) and wealthiest
thirds (eg for girls, RR 0.99; 95% CI 0.93, 1.06). In contrast, the difference according to
washer ownership was particularly large for the poorest third of boys (RR 0.023; 95% CI
0.003, 0.17) and girls (RR 0.062; 95% CI 0.009, 0.44). However, the confidence intervals
were wide, and the proportion owning a washer was minimal among this group, 0.0007
(95% CI1 0, 0.002) (Supplementary Table S9). In Guatemala and Gabon, among the poorest
third, washing machine ownership was too low for the models to be estimated (Supplemen-
tary Table S9).

3.5 Results stratified by age
In Tiirkiye, girls with a washer at home had greater school attendance than girls without,

at all ages: 18% (RR 1.18; 95% CI 1.12, 1.25) at 10-12 years; 48% (RR 1.48; 95% CI
1.21, 1.81) at 13-15; and 36% (RR 1.36; 95% CI 1.06, 1.75) greater at 16—19 years (Fig. 4;
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Fig.3 Results from Poisson regression models of school attendance on washer ownership. Notes: Coun-
tries were ordered according to the relative difference in rate ratio between boys and girls from Fig. 1. 95%
confidence intervals are shown. Estimates were weighted using sampling weights rescaled to sum up to one
in each survey. Pooled models were further rescaled such that each country contributed equally to the esti-
mates. All models included a baseline term for being female and baseline terms and interactions with being
female for washer ownership, fridge ownership, TV ownership, having flush toilet, a wealth index z-score,
number of household members, number of household members under age five, age, highest education level
of a male in household, and highest education level of a female in household, as well as adjusting for neigh-
borhood. Upper confidence limits were omitted for estimates above one and lower confidence limits were
omitted for estimates below one, for improved readability. See Supplementary Table S9 for tabulated esti-
mates

Supplementary Table S10 shows tabulated estimates). In Albania, there was no differ-
ence according to washer ownership for 10—12-year-olds (for girls, RR 1.01; 95% CI 0.98,
1.05)—who almost had a universal school attendance (0.98; 95% CI 0.97, 0.98)—while the
association was strong for 13—15-year-old girls (RR 1.22; 95% CI 1.07, 1.38). In Albania,
the association with school attendance was also strong for 16—19-year-old girls (RR 1.13;
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Fig.4 Results from Poisson regression models of school attendance on washer ownership: stratified by
age. Notes: Countries were ordered according to the relative difference in rate ratio between boys and girls
from Fig. 1. 95% confidence intervals are shown. Estimates were weighted using sampling weights rescaled
to sum up to one in each survey. Pooled models were further rescaled such that each country contributed
equally to the estimates. All models included a baseline term for being female and baseline terms and inter-
actions with being female for washer ownership, fridge ownership, TV ownership, having flush toilet, a
wealth index z-score, number of household members, number of household members under age five, age,
highest education level of a male in household, and highest education level of a female in household, as
well as adjusting for neighborhood. Upper confidence limits were omitted for estimates above one and
lower confidence limits were omitted for estimates below one, for improved readability. See Supplementary
Table S10 for tabulated estimates

95% CI 0.94, 1.35), but the rate ratio was not statistically significant. In Egypt, having
a washer at home was associated with 6% (RR 1.06; 95% CI 1.04, 1.08) greater school
attendance among 10-12-year-old girls and 10% (RR 1.10; 95% CI 1.06, 1.14) greater
among 13—15-year-old girls, while there was no difference for 16-19-year-olds (RR 1, 95%
CI 0.96, 1.03). In Armenia, having a washer was associated with a 15% (RR 1.15; 95% CI
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1.004, 1.31) greater school attendance for 16—19-year-old girls, while the difference was
slight (RR 1.03; 95% CI 0.97, 1.09 at ages 13—15) or non-existent and not statistically sig-
nificant at other ages (RR 1; 95% CI 0.99, 1.02 at 10-12 years).

3.6 Results from supplementary and sensitivity analyses

Our supplementary and sensitivity analyses generally corroborated our results (Supple-
mentary Appendix S1). The association between school attendance and TV ownership—a
placebo exposure—was mostly small but statistically significant in a few cases (Supple-
mentary Fig. S10 and Table S18): In Pakistan, girls in households with a TV had a statisti-
cally significant 7% greater school attendance than girls that did not have a TV, while boys
with a TV had 4% lower school attendance than boys that did not. In Tiirkiye the asso-
ciation with TV ownership was substantial, negative, and statistically significant, both for
boys and girls. The association was further positive and statistically significant for boys in
Colombia and girls in Armenia.

When studying years of education as an outcome, instead of school attendance, Tiirkiye
also had by far the largest association, where girls with a washing machine at home had
a 0.73 (95% CI: 0.54, 0.93) more years of education than those without a washer (Sup-
plementary Fig. S18). The absolute difference, obtained from a linear regression model,
between girls with and without a washer at home in Turkey was 11 percentage points (95%
CI: 0.081, 0.15) (Supplementary Fig. S12 and Table S20).

When adjusting for household level factors and estimating the difference in school
attendance between boys and girls within the same household, our main results were cor-
roborated for Tiirkiye, where girls in households without a washer have 17% (RR: 0.83;
95% CI: 0.67, 0.70) less school attendance than boys, while in households with a washer
girls have a 9% (RR: 1.09; 95% CI: 0.99, 1.20) advantage, although the latter was not sta-
tistically significant (Supplementary Fig. S21 and Table S29). In addition to Tiirkiye, the
interaction terms for being female and having a washer was statistically significant, indi-
cating the girls were at a less of a disadvantage in households with a washer, in Egypt
(95% 1.017, 1.073) and Pakistan (95% CI: 1.004, 1.132), although the differences were
rather small. In Albania, girls were at an advantage in terms of school attendance, both in
households with a washer (RR: 1.1;95% CI: 995, 1.224) and without (RR 1.01; 95% CI:
0.98, 1.05): although the advantage was greater in households with a washer, the interac-
tion terms between being female and having a washer was not statistically signiciant (1.09;
95% CI: 0.98, 1.21).

Other results for supplementary and sensitivity analyses are presented in Appendix S1.

4 Discussion

Using nationally representative data on 1.6 million adolescents ages 10-19 years living
in 19 middle-income countries, this paper found no clear relationship between household
washing machine ownership and school attendance in most countries. However, in Tiirkiye,
young women living in a household with a washing machine at home had 28% greater
school attendance (11 percentage points) and completed 0.73 more total years of school-
ing than girls who did not have access to a washing machine in the household. We also
observed a statistically significant positive association between washing machine owner-
ship and school attendance for girls in Egypt and Albania, although much smaller than for
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Tiirkiye. In Egypt, for example, girls with a washer at home had 4% greater school attend-
ance compared to girls who did not.

With economic development and rising incomes, households have started acquiring
household appliances and other household technology, which make domestic work more
efficient, freeing up time for other activities (Brenneman 2014). Since women and girls are
commonly the primary caretakers of households, these gains in efficiency can also improve
their opportunities outside the home in terms of economic activity and education (Green-
wood et al. 2005). However, although appliances can increase efficiency, they do not neces-
sarily reduce the time spent on household production (Ramey and Francis 2009), and the
time freed up has been suggested to be re-allocated to improvements in household hygiene
and direct care of children (Mokyr 2000).

Globally, 7.9% of children 5-17 years old engage in economic activity (ILO 2022a).
When also considering household chores, this share increases to 9.5%, according to the
International Labour Organization. However, these indicators consider ‘“child labor”
to consist of at least one hour of economic activity among 5-11-year-olds, 14 h among
12—-14-year-olds, and 43 h among 15-14-year-olds, and household chores for at least 21 h
for 5-14-year-olds, while household chores among 15-17-year-olds are not considered to
be “child labor” by the ILO (ILO 2022b). Therefore, frequent work at an early age, includ-
ing household chores, can potentially compromise the educational development of a higher
share of children than indicated by the ILO child labor statistics.

For boys, the association between washing machine ownership and school attendance
was small and mostly not statistically significant in all countries. Indeed, boys generally
engage more in child labor, particularly in family work (e.g., on a family farm) and work
outside the home, while girls usually have been found to do more household work (i.e.,
chores), mirroring commonly observed gender norms (Putnick and Bornstein 2016). With-
out modern home appliances and utilities, household work can take over 50 h per week,
with an additional 15-30 h when there is an infant to care for in the household (Ramey and
Francis 2009). In low- and middle-income countries, most households do not own appli-
ances like washing machines and many do not have access to piped water or electricity.
Laundry may need to be washed by hand after fetching water or traveling to a water source
in the mornings (during school hours) to be dry and ready by night time (Assaad et al.
2010).

The few cases of positive relationship between washing machine ownership and girls’
school attendance also appeared to be period dependent and the association varied across
survey years within countries. For example, the positive association was not observed in
the most recent surveys in Tiirkiye (2013), Albania (2017-18), and Egypt (2014), when
school attendance and washing machine ownership rate were very high, particularly in Tiir-
kiye and Albania, and therefore little variance to identify a relationship. Moreover, school
policies in recent decades have increasingly moved to raising the compulsory schooling age
and further enforcing these policies (e.g., through penalties and, in extremis, short-term
imprisonment of parents who do not send their children to school), which may increase the
opportunity costs of keeping adolescents at home. For example, Tiirkiye increased compul-
sory schooling from 8 to 12 years in 2012.

Even though our results indicated that a relationship between washing machine owner-
ship and school attendance was not a general phenomenon, the relationship we observed in
Tiirkiye may be real and based on specific attributes of the Turkish context, for example,
gender norms. There may be specific structural, economic, or cultural factors present which
make washing machine ownership beneficial for girl’s school attendance. In this paper, we
were unable to explore these factors.
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4.1 Study limitations

Despite our effort to determine the relationship between household ownership of a washing
machine and adolescents’ school attendance, our study has several limitations.

First, washing machine ownership is not random, and the estimated relationship between
washer ownership and school attendance may suffer from confounding. The inherent link
between washer ownership and living standards and socioeconomic status—which in turn
improves school attendance—is clear. However, we controlled for several measures of living
standards and socioeconomic status, although the impact of some residual confounding cannot
be ruled out. Further, the pattern observed for washer ownership was generally not observed
for ownership of other assets, which were less likely to affect schooling but also inherently
linked to living standards, primarily TV ownership.

Parents with a strong preference for their child to attend school may also be more likely to
prioritize getting a washing machine to reduce the burden of child labor, as well as engaging
in other behaviors that increase the child’s school attendance and thereby bias the relationship
upwards. Despite a potential upward confounding bias from living standards and parental pref-
erences, we do not find a general effect of washer ownership on school attendance.

Second, the ownership of a washing machine signals living standards varyingly, depend-
ing on the context. In places where ownership is close to universal, non-ownership is more
likely to signal relative disadvantage. Where education is nearly universal, non-attendance is
expected to reflect relative disadvantages to a greater extent than where overall school attend-
ance is less common. We restricted our main analyses to countries with between 5 and 95%
washer ownership and school attendance (with the average across countries being 48% washer
ownership and 82% school attendance) to ensure sufficient variance for obtaining estimates.
However, the extent of saturation (i.e., complete presence or absence) in washer ownership
and school attendance should be kept in mind, especially in sub-analyses (e.g., when studying
the relationships across time or household wealth).

Third, we did not have data on children’s time use, which would have allowed us to exam-
ine the association between domestic and economic activities and schooling outcomes more
directly. For example, although we generally do not find an association with school attend-
ance, washer ownership may have instead increased economic activity outside the home
among girls. Further, acquiring a washer may in some cases have enabled adolescents to do
more household work, for example if the family switched from using laundry services to
doing laundry themselves (Cowan 1983). Fourth, our primary outcome indicated any school
attendance in the year of the survey but contained little information about the consistency of
attendance throughout the school year. However, our results were similar when using the total
number of years of education completed as our outcome. Fifth, although unlikely, our models
are vulnerable to reverse causality because of potential misalignment in the timing between
our exposure and outcome. For example, if children learned about the benefits of washing
machines at school and induced their households to purchase them.

5 Conclusions
This paper found no clear link between washing machine ownership and school attendance
for either girls or boys across several middle-income countries. However, in Tiirkiye, girls

with a washing machine at home were substantially more likely to attend school and had
completed more total years of schooling than girls without a washing machine at home. No
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such differences were observed for boys. Similarly, girls in Egypt and Albania appeared
to be more likely to attend school when they had a washer at home, although the links
were much smaller than in Tiirkiye. While washing machine ownership does not generally
improve girls’ school attendance, it may do so in some contexts.

The United Nations’ Sustainable Development Goals move beyond primary education
to focus on achieving universal secondary education. To achieve universal secondary edu-
cation, policymakers should consider labor-saving household technologies, which reduce
the opportunity cost for families to send their children to school. Further studies could test
the causal effects of household ownership of washing machines and improving access to,
for example, public laundromats to further improve girls’ school performance.
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