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A B S T R A C T   

Women’s empowerment is essential to improve nutrition in low and middle-income countries. We investigated 
the empowerment of women in agriculture in association with household production and the dietary diversity of 
children 12–59 months old and their mothers in Timor-Leste. Using the Abbreviated Women’s Empowerment in 
Agriculture Index (A-WEAI) we analyzed 156 dual-adult rural households applying multivariable regression 
models. We found that the dietary diversity scores of empowered women and their children were higher than 
among those disempowered. The associations between different measures of empowerment and dietary diversity 
were larger and more significant among women than children. Food production diversity was consistently 
associated with children’s improved diets. We found small gender gaps in decisions on production, access to 
resources, and control over income, similar to findings in other Southeast Asian countries. Nutrition-sensitive 
policies and programmes in Timor-Leste could gain from prioritizing women’s empowerment and promoting 
agriculture diversification strategies as valuable investments to improve the diets and wellbeing of mothers and 
children.   

1. Introduction 

Achieving the Sustainable Development Goal (SDG) 5, gender 
equality and the empowerment of women and girls, is not only a 
necessary foundation for a peaceful, fair and prosperous world (United 
Nations 2015) but also essential to progress the SDG2 malnutrition 
targets. Gender inequality is a recognized barrier to addressing the 
nutritional needs of vulnerable groups, and women’s empowerment has 
been identified as a strong lever for optimal nutrition (Burroway 2016; 
Taukobong et al. 2016). Moreover, good nutrition acts as an enabling 
factor for girls’ and women’s empowerment. The bi-directional rela-
tionship between the empowerment of women and nutrition has been 
long established. Smith and Haddad (2000) estimated that between 
1970 and 1995 over half of the global reductions in underweight chil-
dren were due to the combined improvements in women’s secondary 
education and in their relative status to their male partner. Further, a 
large study across three developing regions found a significant and 
positive effect between higher women’s status, measured through in-
dicators of decision-making power relative to men’s and societal gender 

equality, and child and maternal nutritional status (Smith et al. 2003). 
Empowerment, which in essence is the ability to exercise choice, 

voice, and influence (Kabeer 2001), is a complex social construct 
comprised of different dimensions. This concept has traditionally been 
investigated through proxy indirect measures such as employment and 
education, however, there have been increased efforts to directly mea-
sure empowerment through decision-making and control indicators 
(Malhotra and Schuler 2005). Over time, direct measures of empower-
ment have become more sophisticated (Malhotra and Schuler 2005; 
O’Hara and Clement 2018; Galiè and Farnworth 2019; Malapit et al. 
2019). Recent literature reviews have found generally positive associa-
tions between measures of child nutritional status and of dietary di-
versity, with indicators of women’s autonomy (Carlson et al. 2015), 
control of resources, workload and social support (Cunningham et al. 
2015), participation in group-based programs (Kumar et al. 2018), and 
in development interventions (van den Bold et al. 2013). These reviews 
in low- and middle-income countries (LMIC) caution that associations 
with the nutritional outcomes of children vary across the different do-
mains of empowerment and identify challenges in the interpretation of 
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findings due to the breadth of empowerment metrics. Indeed one review 
challenged the empowerment-nutrition outcomes relationship due to 
methodological weaknesses, particularly limitations in study design 
leading to inconclusive evidence for the various pathways between 
women’s empowerment and child nutrition and inconsistent use of 
empowerment indicators across studies (Santoso et al. 2019). 

Quantifying and comparing empowerment across contexts is difficult 
as it can have different meanings depending on the socio-cultural, eco-
nomic, and political landscape people live within (Sahay 1998). Kabeer 
(1999:437) defined empowerment as “the expansion in people’s ability 
to make strategic life choices in a context where this ability was previ-
ously denied to them”, highlighting its processual nature. In this defi-
nition, power is framed as the ability to exercise choice under conditions 
when choice exists and is exerted through decision-making. Decisions 
can be taken solely, by the self, or jointly, through negotiation and 
bargaining processes. According to Kabeer, empowerment encompasses 
three interrelated dimensions: resources, agency, and achievements. 
One’s ability to make choices requires resources –including human, 
physical, social, financial, and natural capitals. These are pre-conditions 
for exercising agency, which is the ability to influence or take decisions, 
voice viewpoints and act autonomously, in a process by which 
achievements can be accomplished –such as improved own or children’s 
wellbeing outcomes. The combination of resources and agency consti-
tutes what Sen (1985) defined as capabilities, or the potential to achieve 
the lives that individuals want in the valued ways of ‘being and doing’, 
emphasizing their subjective character as what is valued varies across 
social groups and cultures. Disempowerment, therefore, occurs when 
constraints on the ability to achieve one’s goals are determined by in-
equalities in the ability to choose (Kabeer 1999), such as exists with 
gender disparity in decision-making. 

Women’s empowerment is conceptualized as one of the main path-
ways by which rural populations in LMIC practicing agricultural liveli-
hoods can achieve nutritional outcomes (Gillespie et al. 2012; Ruel and 
Alderman 2013; Herforth and Harris 2014; Gillespie et al. 2019). This 
pathway includes the effects of women’s engagement in agriculture on 
intra-household decision-making and nutrition-relevant resource allo-
cation, on the provision of time for child feeding and childcare given the 
labor burden, and on women’s health and nutritional status (Gillespie 
et al. 2019). The two other primary pathways that enable agriculture to 
contribute towards lessening malnutrition are household food produc-
tion and agricultural income (Herforth and Harris 2014). Current 
empirical evidence indicates that agricultural interventions, such as 
production diversification, can improve intermediate nutrition out-
comes, like achieving minimum dietary diversity, and can result in 
better access to and consumption of high-quality diets (Herforth and 
Ballard 2016; Ruel et al. 2018; Bird et al. 2019). Foods accessed through 
crop and livestock production, as well as fishing, hunting, and foraging, 
contribute to consumption diversity particularly among resource-poor 
remote households with limited market access (Ruel et al. 2018). Di-
etary diversity is a strong predictor of dietary quality, with the number 
of foods groups consumed increasing the likelihood of micronutrient 
adequacy of vulnerable populations (Ruel et al. 2013). 

The Women’s Empowerment in Agriculture Index (WEAI) (Alkire 
et al. 2013) is a survey-based tool designed to measure the empower-
ment, agency, and inclusion of women in the agricultural sector, partic-
ularly relevant to rural LMIC women. This multidimensional index 
collects individual-level data by interviewing a woman and a man within 
the same household to gauge gender parity in agriculture. Applying a 
novel approach to measure empowerment, the WEAI focuses on the 
relational quality of empowerment, by examining the relations of power 
in which people are located (Kabeer 1994), and on agency, by directly 
assessing decision-making instead of the more commonly studied in-
dicators of resources or achievements, like land tenure or educational 
attainment. As an aggregate instrument, the WEAI is comprised of two 
sub-indexes, i) the Five Domains of Empowerment (5DE), capturing the 
degree to which women are empowered in five domains: (1) decisions 

about agricultural production, (2) access to and decision-making power 
about productive resources, (3) control of use of income, (4) leadership in 
the community, and (5) time allocation; and ii) the Gender Parity Index 
(GPI), measuring empowerment differentials that reflect intra-household 
inequality (Alkire et al. 2013). Whilst notions of empowerment are 
context-specific, the WEAI enables its measurement using a standardized 
instrument that can be decomposed by domains and indicators, so as to 
compare results across countries. A revised version was developed in 
2015, the Abbreviated Women’s Empowerment in Agriculture Index (A- 
WEAI), with the purpose to streamline the instrument and improve 
problematic modules, decreasing its administration time by 30%, and 
reducing the number of indicators from ten to six while maintaining the 
same domains (Malapit et al. 2017). 

Recently, studies have assessed the relationship between WEAI 
measures and improved dietary diversity. In particular, studies mostly in 
South Asian and Sub-Saharan African countries have found significant 
associations of women’s empowerment with the diets of women 
(Malapit and Quisumbing 2015; Gupta et al. 2019a; Gupta et al. 2019b; 
Larson et al. 2019), and both of women and children (Malapit et al. 
2013; Malapit et al. 2015b; Yimer and Tadesse 2015; Sraboni and Qui-
sumbing 2018; Galiè et al. 2019). However, this relationship remains 
understudied in other regions such as Southeast Asia. Also, despite the 
recent development of the WEAI tools, it remains unclear which di-
mensions of empowerment matter for different nutrition outcomes, 
including dietary diversity, as these vary according to the socio-cultural 
context (Ruel et al. 2018). Consequently, the linkages between agri-
culture, gender, and diets in LMIC deserve further investigation. 

Our study aimed to investigate the relationship between women’s 
empowerment in agriculture and household food production on the di-
etary diversity of children 12–59 months old and their mothers in the 
Southeast Asian nation of Timor-Leste. First, we assessed the extent of 
women and men’s empowerment using the A-WEAI tool. Second, we 
analyzed the relationship between A-WEAI indicators and agriculture 
production on child and maternal dietary diversity scores. Our results 
provide a gender assessment of empowerment dimensions in agriculture 
and their association with the diets of women and children, which might 
support Timor-Leste’s policies and programmes towards improving 
gender equality and nutrition outcomes in rural areas. We used vali-
dated indicators of empowerment and dietary quality to ensure 
comparability (Herforth and Ballard 2016), and contribute with further 
evidence on which aspects of empowerment need reinforcing to 
ameliorate child and maternal diets. Our study contributes to the liter-
ature by adding evidence on WEAI-based metrics in Southeast Asia. The 
research also applies the A-WEAI, scantly used in published papers, to 
assess the relationship between empowerment and development out-
comes with its 6-indicator measure. 

2. Methods 

2.1. Study setting: the Timor-Leste context 

Eighteen years after independence, Timor-Leste, a patriarchal 
customary society, is on-track to graduate from its Least Developed 
Country status. The agriculture sector in this post-conflict Southeast 
Asian nation of rugged landscapes and tropical weather is predomi-
nantly subsistence, organized in very small landholdings, and critical to 
supporting the livelihoods of 70% of the population living in rural areas 
(General Directorate of Statistics [GDS] and United Nations Population 
Fund [UNFPA] 2018). Water and food insecurity disrupt rural liveli-
hoods seasonally, paired with low agricultural productivity in crops, 
livestock, and fisheries, high weather vulnerability, and slow nutritional 
advances (Bonis-Profumo et al. 2019). In 2016, 46% of children under 
five remained stunted nationally and 34% of those 6–23 months ach-
ieved minimum dietary diversity, while women of reproductive age 
(15–49 years) were 27% underweight and 23% anemic (GDS et al. 
2018). Low intake of animal-source foods contributes to poor dietary 
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quality despite the majority of households raising livestock, which are 
often reserved for ceremonial purposes (Wong et al. 2018). 

Access to land rights is mediated by customary tenure systems, 
patrilineal (primarily) and matrilineal,1 both sharing a degree of nego-
tiability on the norms of gendered inheritance and control over land use 
(Thu et al. 2007; Narciso and Henriques 2019), despite significant 
gender inequalities in landownership (Kieran et al. 2017). While Tim-
orese men have greater access to paid and formal employment, the vast 
majority of women are engaged in agriculture as unpaid workers, on top 
of leading household and family care work (GDS and UNPFA 2018). Like 
in other Southeast Asian countries, men and women work the fields 
together, displaying balanced gender roles in crop production (Akter 
et al. 2016). However, the gender productivity gap2 is estimated at 15%, 
mainly explained by women’s unequal access to farming equipment and 
hired labor, lower literacy, and limited involvement in cash crops and 
farmers’ groups (Gavalyugova et al. 2018). Illiteracy (aged ≥ 15) is 
higher among rural populations, 51% for women, and 41% for men 
(GDS and UNPFA 2018). The 2016 Demographic and Health Survey 
(DHS) reported that 89% of rural married women decided alone (37%) 
or jointly (52%) on using cash earnings, a sign of empowerment, how-
ever, 37% experienced intimate partner violence the previous year (GDS 
et al. 2018). High levels of gender-based violence are linked to the 
armed conflict period and characterized by pervasive social accept-
ability (Niner 2011). Although androcentric (Tam 2012), the Timorese 
society is collectivist in that clan networks and family bonds define in-
dividuals’ identities. 

2.2. Design and sampling 

Our study is an exploratory observational assessment of the A-WEAI 
in Timor-Leste among smallholders with young children and dual-adult 
status –those cohabited by at least one female and one male adult, often 
husband and wife. We hypothesized that measures of empowerment and 
food production were positively associated with higher child and 
maternal dietary diversity in the context of a nutrition-sensitive agri-
culture program. We conducted a cross-sectional survey among a large 
convenience sample of households participating in a Community Driven 
Nutrition Improvement Project (CDNIP), a nutrition intervention with 
agriculture components aimed at improving child and maternal nutri-
tion practices funded by the World Bank (WB) and implemented by 
Catholic Relief Services (CRS) in 2014–2018. The CDNIP universally 
targeted pregnant and lactating women with children aged < 2 in 50 
least developed villages (suku) in Baucau and Viqueque districts (WB 
2014). At least one animal intervention was rolled-out in 30 suku, spe-
cifically, small-scale aquaculture and a Newcastle disease chicken 
vaccination campaign in partnership with the Timor-Leste Ministry of 
Agriculture and Fisheries. This program did not include gender com-
ponents beyond group-based information sharing and was used as an 
engagement platform for the study reported herein. 

We selected four patrilineal suku among those with a CDNIP animal 
intervention, aimed at maximizing the chances of ASF consumption 
(Fig. 1). Suku were from two livelihood zones (coastal and mid- 

altitude).3 One-quarter of all suku nation-wide fall in these two zones, 
representing 29% of the population and all predominantly rice-growing 
communities (Williams et al. 2018). In each study suku, we randomly 
selected 50 dual-adult CDNIP households with a child aged under-5 
years and invited mothers and the primary male adult to participate. 
Households were visited 4-times between September 2017 and 2018 to 
assess child and maternal seasonal diets. A sample size of 160 house-
holds was initially calculated to detect a conservative minimum differ-
ence in dietary diversity between seasons, relevant to a related 
longitudinal study (Bonis-Profumo et al., 2021), to which a 20% 
respondent dropout rate was added, totaling 200 households. Survey 
data presented correspond with the third fieldwork iteration in June 
2018 (rice pre/harvest season), an explicit research design decision 
aimed at reducing desirability bias due to the rapport established with 
participants. 

Ethical approval was obtained from the Menzies School of Health 
Research (Ref: 2016–2719) and the Timor-Leste National Health Insti-
tute (Ref: 41/MS-INS/DE-DP/GBP/I/2017). Adults provided written 
informed consent or fingerprint after a verbal explanation of the study 
and its voluntary nature. Preliminary findings were presented to 
research partners in 2019 and once COVID-19 travel restrictions are 
lifted, the final results will be shared among communities and stake-
holders in Timor-Leste. 

2.3. Instruments and data collection 

We used the Abbreviated Women’s Empowerment in Agriculture 
Index (A-WEAI) version due to its shorter administration time and re-
sources requirement (Malapit et al. 2017), the calculation of which is 
based on Alkire et al. (2013) methodology. The Five Domains of 
Empowerment (5DE) sub-index is constructed from individual adequacy 
scores, reflecting the proportion of individuals who achieved the 5-do-
mains as measured by six weighted indicators and the intensity of 
their inadequacy (Table 1). Each indicator measures whether an indi-
vidual has adequate achievement according to the defined cut-off. A 
person is considered empowered if she/he has adequate achievements in 
four out of five domains or has achieved adequacy in ≥80% of in-
dicators. The Gender Parity Index (GPI) sub-index is a woman’s 5DE 
relative to the primary adult male, reflecting the proportion of dual- 
adult households that lack gender parity and the average gap in 
empowerment between women and men in such households. The 
population-level A-WEAI score is the weighted average of the 5DE and 
GPI, defined at 0.9 and 0.1, respectively. 

Following the instructional guide (Malapit et al. 2015a), the A-WEAI 
questionnaire was carefully adapted to reflect locally relevant activities 
without altering the original design.4 The time allocation module was 
collected in 30-minute intervals. Dietary model questionnaires including 
food lists for children (World Health Organization [WHO] 2010) and 
mothers (Food and Agriculture Organization of the United Nations 
[FAO] and FHI360 2016) were modified to include local foods. The 
resulting cut-off indicators, intake of ≥4 food groups among children 
(WHO 2010) and ≥5 groups among women (FAO and FHI360 2016), 

1 A minority of ethnolinguistic groups belong to a matrilineal kinship system, 
comprising 13% of the total population.  

2 Women produce 15% less than men per hectare of land, where agricultural 
productivity is measured as the average value (in USD) of agricultural output 
produced per hectare (ha) of land. 

3 Williams et al. (2018) classified rural villages (suku) in Timor-Leste into 
livelihood zones, a typology based on agricultural systems that group suku with 
similar levels of crop and livestock production using census data, as opposed to 
the classic agro-ecological zones defined by elevation and north/south aspect. 
Included suku in this study belonged to the coastal lowlands zone, which has 
lower crop-livestock diversity and better access to markets, and the inland mid- 
altitude zone, which has more diverse agricultural systems and poorer roads.  

4 The A-WEAI questionnaire can be downloaded from the WEAI Resource 
Center, managed by the International Food Policy Research Institute (IFPRI), at: 
https://weai.ifpri.info/weai-resource-center/guides-and-instruments/We pro-
vide the adapted A-WEAI questionnaire in the supplementary materials, 
including a comparison with the original version and its Tetun translation. 
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have been validated as predictors of micronutrient density in the diets of 
children 6–24 months (Working Group on Infant Young Child Feeding 
Indicators 2006), children 24–59 months (Diop et al. 2021), and women 
of reproductive age (Martin-Prével et al. 2017). A professional inter-
preter translated questionnaires into Tetun, which were revised by na-
tional experts in gender, agriculture, and/or livestock, pre-tested with 
12 participants, and refined before use. 

Data were collected through a tablet-based structured survey 
designed in KoBoToolbox.5 A gender-balanced team of six Timorese 
enumerators experienced in dietary and agriculture data collection using 
tablets conducted two interviews per household –with the index mother 
and her husband (77%), father/father-in-law (15%), or male adult (8%). 
Interviews were conducted separately when possible and lasted 40–80 
min. Female and male participants responded to the A-WEAI question-
naire. Additionally, surveys with female respondents collected socio- 
economic information, child and maternal 24-h dietary recalls, and list 
of crops grown and livestock raised. Mothers reported their own and their 
child’s food and drink intake the previous day, following the recom-
mended protocols. Open recall was used firstly where mothers described 
intake for each meal. Enumerators then read a pre-defined list of foods 
from non-reported groups to assist recall. Enumerators were fluent in 
Tetun and Makasae and trained for 5-days with the principal investigator, 
a PhD candidate, who accompanied the team and reviewed data daily. A 
minority of participants in a Viqueque suku preferred interviews in Kairui, 
for which local facilitators supported translation. 

2.4. Variables 

2.4.1. Outcome variables 
We used two indicators counting the number of food groups 

consumed in the 24-h preceding the survey among children aged 12–59 
months and their mothers. We modeled the outcome variables as 
continuous variables instead of the dichotomous indicators for mini-
mum dietary diversity because < 10% of sampled mothers and children 
achieved their respective cut-off,6 which would have produced 

insufficient variation in the dependable variable. These continuous 
variables have shown strong correlations with direct measures of 
micronutrient adequacy in multiple studies (Ruel et al. 2013):  

- Dietary Diversity Score children (DDS), 7-groups: grains, roots, tubers, 
plantains; legumes and nuts; dairy products (excluding sweetened 
milk); flesh foods (organs, meat, poultry, fish); eggs; vitamin A-rich 
fruits and vegetables; other fruits and vegetables.  

- Dietary Diversity Score Women (DDS-W), 10-groups: grains, white 
roots, tubers, plantains; pulses (beans, peas, lentils); nuts and seeds; 
dairy (excluding flavored sweetened milk); meat, poultry, fish; eggs; 
dark green leafy vegetables; other vitamin A-rich fruits and vegeta-
bles; other vegetables; other fruits. 

2.4.2. Explanatory variables 

2.4.2.1. Abbreviated Women’s Empowerment in Agriculture Index (A- 
WEAI). We used nine measures of empowerment, based on six indi-
vidual indicators, i-vi) production decisions (production domain), 
ownership of assets, and access to and decisions on credit (resources 
domain), income control (income domain), group membership (leadership 
domain), and workload (time domain); and on three aggregate in-
dicators, vii-ix) whether the woman was empowered/not, the aggregate 
individual empowerment score, and the intra-household empowerment gap. 
We analyzed all sub-domain indicators since the aggregation process 
might cover potential tradeoffs with nutrition outcomes (Quisumbing 
et al. 2021). 

I. Production decisions – The number of agriculture production de-
cisions in which women have some input or feel they can make 
decisions.  

II. Ownership of assets – The number of assets that women own solely 
or jointly.  

III. Access to and decisions on credit – The number of decisions over 
credit in which women participate or feel they can make 
decisions.  

IV. Income control – The number of activities, agricultural and not, in 
which women have some input in income decisions, or feel they 
can make decisions.  

V. Group membership – The number of community groups in which 
women are active members. 

Fig. 1. Map of living standards by suku and study sites in eastern Timor-Leste. Source: Asian Development Bank [ADB] (2013) p8. Map using ADB estimates of living 
standards based on Census 2010 data. 

5 http://www.kobotoolbox.org  
6 June 2018 was found to be the most nutritionally insecure time point 

among similar participants in a longitudinal study, coinciding with the rice pre/ 
harvest season in those communities (Bonis-Profumo et al., 2021). 
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VI. Workload – The total number of hours women spend on paid and 
unpaid activities, including productive, domestic, and caring 
work.  

VII. Empowered (binary) – Dichotomous indicator equal to one for 
women who achieved adequacy in ≥ 80% of indicators.  

VIII. Aggregate empowerment score (5DE) – The weighted average of 
achievement in the 6-indicators, ranging from zero to one, where 
one reflects empowered women (adequacy ≥ 80%).  

IX. Intra-household empowerment gap – The difference between male 
and female 5DE, equal to zero if the woman is equally or more 
empowered than the man within a household. 

2.4.2.2. Household food production. We used two indicators defined by 
Sibhatu and Qaim (2018): i) Production Diversity Index (PDI), the number 
of food groups produced by the household, mirroring the 10-groups in 
the DDS-W7; and, ii) Agricultural Species Richness (ASR), an unweighted 
count of the number of different species of plants or animals produced by 
the household, including food and cash crops. 

2.4.3. Control variables 
We limited the number of covariates examined in the same multi-

variable model to avoid over-parameterization. These included selected 
individual, household, and agro-geographic characteristics, informed by 
the WEAI literature and studies in Timor-Leste. For both outcome vari-
ables these were maternal education (no schooling, primary, secondary 
or above), household wealth index (tertiles, calculated using principal 
components analysis of household facilities and assets including live-
stock), household distance to market (calculated in kilometers using 
tablet-recorded GPS coordinates), livelihood zone (coastal, mid- 
altitude), district (Baucau, Viqueque), and for DDS-W, age difference 
(primary male minus woman), and child age for DDS children. 

2.5. Data analysis 

Households with complete female A-WEAI and maternal and child 
dietary assessments were analyzed (n = 161). As 19.5% of participants 
were not available, we did a non-response analysis and assumed that 
participants’ unavailability did not correspond with specific character-
istics due to finding no major differences between key variables (Ap-
pendix 1). To address the study aim, first, we estimated the extent of 
women’s and men’s empowerment by constructing the A-WEAI, 
following the methodology and Stata code developed by Malapit et al. 
(2015a). This involved deriving i) overall A-WEAI and sub-indices, ii) 
frequency of individual adequacy scores for each of the A-WEAI in-
dicators, and, iii) gendered time use patterns. Second, we examined the 
relationship between A-WEAI measures and food production on child 
and maternal DDS. This involved, i) plotting empowerment level and 
dietary diversity using the spineplot Stata command (Cox 2008), ii) 
testing bivariate associations between empowerment status and in-
dicators of dietary diversity and household production through t-test 
statistics, and, iii) estimating an Ordinary Least Squares (OLS) multi-
variable regression model for each empowerment measure and 
outcome. OLS models were applied and model residuals checked as the 
instrumental variables (IV) technique (Lépine and Strobl 2013; Malapit 
et al. 2013) used to correct for the potential endogeneity of empower-
ment and production measures performed unsatisfactorily, showing that 
all putative endogenous regressors, specifically, empowerment and 
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7 To build the PDI, respondents were assigned one point when they reported 
growing, accessing or raising at least one crop or animal belonging to any of the 
10-groups defined by the DDS-W. The dairy group was always counted as 
0 because in Timor-Leste ruminants are not customarily milked. For the meat, 
poultry and fish group, respondents were assigned a point when raising buffalo, 
Bali cattle, goats, sheep, pigs, chickens, ducks, or tilapia fish in ponds; and for 
eggs, chickens or ducks. 
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production variables, were, in fact, exogenous to the outcomes, DDS and 
DDS-W8. Similar studies that lacked success in identifying suitable in-
struments used this analytical approach (Malapit et al. 2015b; Sraboni 
and Quisumbing 2018; Holland and Rammohan 2019). We estimated 
the following equation: 

Di = b0 + b1 empowermenti + b2 productioni + b3 Ii + b4 Hi + εi (1)  

where D was a measure of the dietary diversity score of children and 
women; empowerment was a measure derived from the A-WEAI; pro-
duction was an agriculture measure parallel to 10-food groups; I was a 
measure of individual characteristics; H represented household char-
acteristics including geographical factors, and ε was an error term. The 
key parameters to be estimated in Eq. (1) were the coefficient 
estimatesbi. In the final models, we used Production Diversity Index only 
as this indicator performed better at predicting DDS and used together 
with Agriculture Species Richness showed collinearity issues. We 
examined interactions between empowerment and production diversity, 
but these were not significant and not followed further (P > .050). 

We used Stata/IC 16.0 and Microsoft Excel 2016 and interpreted the 
OLS results as associations and not causal relationships. Statistical sig-
nificance was defined at P < .050. We tested for highly influential out-
liers detected through Cook’s distance post-estimation and excluded five 
observations (due to unusually high dietary scores) in the final analysis 
(n = 156 households); sensitivity analysis with all observations included 
in Appendix 2. Excluded observations were random across villages and 
with no apparent systematic pattern. We checked all models for lack of 
collinearity using the variance inflation factor. 

3. Findings 

3.1. Sample description 

We analyzed 415 individuals, 259 adults (156 female, 103 male), 
and 156 children; 66% of 156 households had complete male–female A- 
WEAI responses (n = 103). Table 2 presents the participants’ charac-
teristics. Children averaged 30 months (2.5 years), while women were 
>8-years younger than the male adult, most had completed primary 
school and lived almost 9-kilometers from a market, on average. 
Selected empowerment indicators showed that on average, women 
spent 10-h per day on paid and unpaid work from a maximum of 17-h, 
had low participation in groups (<1), and most did not make decisions 
over credit. Over 90% of households grew crops for consumption and 
raised livestock while 10% fished (Appendix 3). Households produced a 
mean of 6.4 food groups, ranging from one to eight. Child and maternal 
DDS were low. Children consumed 2.4 food groups out of seven in the 
last 24-h, well below the 4-groups required for micronutrient adequacy 
(WHO 2010), whereas women consumed 2.7 groups compared to a 
threshold of five out of 10 (FAO & FHI360 2016). 

3.2. The extent of women and men’s empowerment using the A-WEAI tool 

Table 3 presents the overall A-WEAI results for the project sample in 
Timor-Leste. The A-WEAI score was 0.867, with a women’s 5DE sub- 
index value of 0.858 and a GPI sub-index of 0.949. The 5DE indicates 
a slightly higher value among women over men, although results should 
be interpreted with caution due to a sampling bias affecting the group 
membership indicator, explained below. Further A-WEAI components 
and the domains’ contribution to women and men’s disempowerment 
are presented in Appendices 4–6. We now focus on the A-WEAI in-
dicators used in the multivariable analysis. 

Table 2 
Descriptive statistics of variables used in the regression models among the 
Timor-Leste sample.  

Variables N Mean Standard 
Deviation 

Minimum Maximum 

Outcome variables      
DDS – Dietary Diversity 

Score children (7 FG) 
156 2.4 0.9 1 5 

DDS-W – Dietary 
Diversity Score 
Women (10 FG) 

156 2.7 0.9 1 5 

Explanatory variables      
Women’s 

Empowerment 
indicators      

Number of productive 
decisions 

156 2.45 0.79 0 4 

Number of assets 
owned 

156 6.78 2.02 1 12 

Number of decisions on 
credit 

156 0.34 0.62 0 3 

Number of income 
decisions 

156 5.17 1.45 2 9 

Number of groups with 
active membership 

156 0.87 0.73 0 3 

Time spent in paid & 
unpaid work (hours) 

156 9.94 2.14 4 17 

Empowered (Yes/ No) 156 0.56 0.50 0 1 
Aggregate 

empowerment (5DE) 
[1 = emp.] 

156 0.86 0.17 0.53 1 

Intra-household 
empowerment gap 
[0 = parity]1 

156 0.03 0.08 0 0.33 

Household Food 
Production indicator      

PDI – Production 
Diversity Index (10 
FG) 

156 6.4 1.9 1 8 

Control variables      
Child characteristics      
Age (months) 156 30.5 10.6 14 57 
Mother characteristics      
Age difference, primary 

male - woman (years) 
156 8.6 10.4 − 7 46 

Education index2 156 1.1 0.8 0 2 
Household 

characteristics      
Wealth Index tertiles3 156 2.0 0.8 1 3 
HH distance to market 

(kilometers) 
156 8.6 5.2 0.1 19.2 

Agro-geographic 
characteristics      

Livelihood zone: Mid- 
altitude 

156 0.5 0.5 0 1 

District: Viqueque 156 0.5 0.5 0 1 

Note: FG = food groups; 5DE = five domains of empowerment; HH =
households. 

1 The difference between male and female 5DE, equal to zero if the woman is 
empowered or if her score is ≥ to the man’s. 

2 Education index: 0 = no schooling, 1 = primary school, 2 = secondary school 
or above. 

3 Wealth Index tertiles: 1 = lowest, 2 = middle, 3 = highest. 

Table 3 
Abbreviated Women’s Empowerment in Agriculture Index (A-WEAI) scores for 
the Timor-Leste sample (n = 156 households).  

Indicators Timor-Leste sample 

Women (n =
156) 

Men (n =
103) 

5DE ¡ 5 Domains of Empowerment, sub- 
index 

0.858 0.810 

GPI - Gender Parity Index, sub-index 0.949  
A-WEAI score 0.867   

8 The instrumental variables (IV) results, steps followed, and a detailed 
description of the instruments tested, are available upon request. Instruments 
used in the IV regression found in Appendix 3. 
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Fig. 2 displays the contribution of each indicator to the individual 
adequacy scores of women and men, presenting the respective per-
centage that achieved the adequacy cut-off by indicator. Using this 
strengths-based approach, 3-indicators showed almost full achievement 
(>96%) among both, input into productive decisions, ownership of as-
sets, and control over income. A higher proportion of women, 69%, were 
members of at least one group compared to men, 35%, although this 
indicator was biased by our sampling strategy because many women 
(62%) acknowledged their participation in CDNIP groups. Nineteen 
percent of men participated in farmer groups compared to 12% of 
women (data not shown). Additionally, a higher proportion of men 
worked <10.5-h, 75% compared to 63% of women, while 36% of men 
had access to and made decisions over credit, compared to 27% of 
women. However, WEAI questionnaires do not distinguish between 
those not able to access credit due to a lack of sources from those with 
sufficient liquidity that do not borrow, making the interpretation of the 
credit indicator problematic (Sraboni et al. 2014). 

Fig. 3 presents time use patterns estimating the gender division of 
labor, showing that, on average, women worked >5-h more than men in 
domestic and family care tasks, while men worked >3.5-h in agricultural 
activities while reported comparable livestock labor (1.4–2-h). Despite 
women working for longer, 90% were satisfied with their amount of free 
time compared to 80% of men (data not shown). 

3.3. Relationship between the A-WEAI and household food production on 
child and maternal dietary diversity scores 

The relationship between women’s empowerment and the DDS of 
children and mothers is shown in 

Fig. 4 A & B. Empowerment was categorized in 3-levels based on the 
5DE, showing an incremental distribution among women where 13% 
had low, 31% medium, and 56% high empowerment levels. The distri-
bution of children’s DDS by empowerment level (A) did not reveal a 
clear pattern of allocation, as opposed to the distribution of women’s 
DDS-W (B) that showed higher food groups intake as empowerment 
levels increased. However, when defining empowerment as a dichoto-
mous variable, we found that women who were empowered showed 
statistically significant higher child and maternal DDS means, with a 
difference of ≤0.4 food groups each (Table 4). Production measures 
showed a more modest relationship whereby empowered women 
significantly produced more species yet their PDI was only weakly 
correlated. 

Empowerment based on 5DE: Low = 0.53, Medium = 0.73, High ≥
0.80; distribution 12.8%, 30.8%, and 56.4%, respectively. 

Table 5 presents the multivariable regression results of the associa-
tion of women’s empowerment indicators with children’s DDS, after 
controlling for key characteristics (Appendix 7). The results indicated 
that empowerment in its binary form, group membership, and owner-
ship of assets were the three indicators positively and moderately 
associated with children’s dietary diversity (β = 0.3; P = .044), (β = 0.2; 
P = .040), and (β = 0.1; P = .047), respectively. Children from 

empowered women received a third of a food group more compared to 
those from disempowered mothers. However, when empowerment was 
measured as an aggregate score (a continuous variable), the relationship 
was no longer statistically significant (P = .070). Two A-WEAI indi-
vidual indicators, maternal active participation in groups, a measure of 
social capital, and assets ownership, had a positive and modest signifi-
cant association with the number of food groups that children 
consumed. Decisions on production, credit, and income were not sig-
nificant. The number of hours worked and the intra-household 
empowerment gap were negatively associated with children’s DDS, 
however, this association was not statistically significant. Furthermore, 
production diversity emerged as a strong correlate of child DDS, 
showing a highly significant positive association with most specifica-
tions (P ≤ 0.001). For every additional food group produced by house-
holds, children’s DDS increased by one-tenth of a group, an effect that 
was constant across all models. Other factors that statistically signifi-
cantly contributed to improving children’s DDS included maternal sec-
ondary schooling or above, displaying the largest association amongst 
categorical variables across all specifications (β = 0.4; P < .030), and 
distance to market, which was negatively correlated with their dietary 
diversity (Appendix 7). 

Table 6 and Appendix 8 present the regression results for women’s 
dietary diversity. The OLS estimations revealed that three models were 
positively and statistically associated with maternal DDS, both 
empowerment variables (binary and 5DE) and access to and decisions 
over credit. The DDS-W of empowered women was close to half a food 
group more compared to those disempowered (β = 0.4; P = .014). The 
magnitude of the coefficient of the aggregate empowerment score on 
women’s DDS was considerable, as one unit increment in empowerment 
level was associated with an increase in their DDS by 1.2 food groups (P 
=.007). The credit indicator had a smaller association with maternal 
dietary diversity, yet similar significance (β = 0.3; P = .008). Addi-
tionally, group membership showed a weak correlation (P = .051), 

Fig. 2. Contribution of each of the 6 indicators to individual adequacy scores in the Timor-Leste sample.  

Fig. 3. Time use allocation by activity using a 24-h recall method, collected in 
June 2018 among the Timor-Leste sample. 
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while workload and the intra-household empowerment gap emerged as 
negative and non-significant factors of DDS-W. The number of assets 
owned and production and income decisions were not significant. Pro-
duction diversity appeared as a moderately statistically significant 
correlate for maternal DDS for over half of the specifications (β = 0.1; P 
< .050). Further characteristics that showed a statistically significant 
association with women’s DDS, were residing in the mid-altitude live-
lihood zone, particularly for women with higher empowerment, and in 
households with intra-household parity, which increased their DDS-W at 
least by half a food group (P < .010), while the distance to market and 
age difference with the husband showed small and negative correlations 
(Appendix 8). Maternal education and intra-group wealth index were 
shown to have no statistically significant association with DDS-W 
although secondary schooling or above showed a very weak correlation. 

4. Discussion 

4.1. Women’s empowerment in agriculture relative to men’s 

To the best of our knowledge, this is the first application of a WEAI 
tool in Timor-Leste, serving as a pilot to examine the empowerment and 
dietary diversity relationship. Results among these culturally rich but 
resource-poor rural communities indicate a similar yet marginally 
higher level of empowerment in agriculture among women than men. 
Our women’s sample may have been biased by their participation in 
CDNIP groups, which may have artificially increased their adequacy 
with respect to group membership. Moreover, the vast majority of men 
and women were found to be empowered in production decisions, 
ownership of assets, and control over income. These findings align with 
a study assessing gender roles in crop systems where Timorese 

households were identified as the production unit and decision-making 
on productive matters was mostly shared (Akter et al. 2016). Such re-
sults are not coincidental as Timorese society is defined by collectivist 
values, where family-clan affiliations are prioritized over the in-
dividual’s interests (Niner 2011), combined with an absence of gender- 
demarcated cropping roles (Akter et al. 2016). This helps situate the 
high prevalence of joint decision-making in agriculture and income uses 
reported by both men and women, and of shared ownership of the 
limited range of possessions owned. However, our results are surprising 
in a context where gender gaps exist in accessing factors of agricultural 
production9 (Gavalyugova et al. 2018) and intimate partner violence is 
considerable (GDS et al. 2018). It is possible, that the sensitivity of the A- 
WEAI tool was not sufficient to detect hierarchies of decision-making in 
settings where gendered social norms might be less explicit and rigid 
than in other countries, such as Bangladesh in South Asia (Sraboni and 
Quisumbing 2018). 

For women, workload was the leading indicator of disempowerment. 
We found that 37% of women and 25% of men had an excessive work 
burden and were time poor, defined by Alkire et al. (2013) as paid or 
unpaid work during >10.5-h in the previous 24-h. Indeed time poverty 
is a critical constraint among Timorese women. While time allocation for 
household and care work was heavily gender-biased, men spent more 
time working on agriculture-related activities, particularly cropping. 
However, several studies in Timor-Leste found comparable agricultural 
workloads between both (Akter et al. 2016; Akter et al. 2020; Thu et al. 
2007), different from our single time-point results. The seasonality of 
labor is particularly important in agricultural societies where seasonal 
time use measurements present more accurate portrayals (Padmaja et al. 
2019). For men, the top disempowerment contributor was lack of group 
membership, despite a fifth participating in farmer groups. Timorese 
men, according to Akter et al. (2020) however, access extension services 
in a much greater proportion than women, often through producer 
groups, ensuing lower access to information, inputs, and technology 
among female farmers. 

Our A-WEAI results, when compared with a multi-country WEAI base-
line across three developing regions, place Timor-Leste in the high tier rank, 
with Cambodia and Bangladesh as the top and bottom scorers, respectively 
(Malapit et al. 2014) (Appendix 9). The configuration of disempowerment 
differed substantially between women in Timor-Leste and South Asian na-
tions and showed analogies with Cambodia. Countries in Southeast Asia 
(SEA) seem to share a common pattern regarding gender relations in 
agriculture, as concluded by a study applying the WEAI qualitatively in 
Indonesia, Myanmar, the Philippines, and Thailand (Akter et al. 2017). Our 
results and those from Cambodia (Malapit et al. 2014) align with those 
found by Akter et al. (2017) where men and women had similar access to 

A B 

Fig. 4. Spineplot of women’s empowerment level and dietary diversity scoreo (DDS) of children (A) and women (B) (n = 156,respectively).  

Table 4 
Women’s empowerment status and indicators of dietary diversity and produc-
tion diversity (n = 156).  

Dietary and production 
measures mean (SE) 

Women’s empowerment in 
agriculture status1 

P 
values2 

Disempowered44% Empowered 
56% 

Dietary diversity score 
children – DDS 

2.2 (0.1) 2.5 (0.1) 0.009** 

Dietary diversity score women 
– DDS-W 

2.5 (0.1) 2.9 (0.1) 0.014* 

Production Diversity Index, 
10 FG – PDI 

6.1 (0.3) 6.7 (0.2) 0.050 

Agricultural Species Richness 
– ASR 

17.1 (1.0) 20.1 (0.9) 0.024* 

Note: SE = standard error; FG = food group. 
1 Based the A-WEAI 5DE sub-index value, <0.8 = disempowered, ≥0.8 =

empowered. 
2 T-test with unequal variances at 95% Confidence Interval; *P < .05, ** P <

.01, *** P < .001. 

9 Agricultural factors of production comprise human capital, including age 
and education, and physical capital, such as farm inputs. 
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productive resources, made decisions jointly, paired with women’s greater 
control over income. In the Philippines, a study using the Pro-WEAI,10 

another WEAI version, found comparable outcomes except for the income 
domain, despite Filipino women typically managing household budgets 
(Malapit et al. 2020). Similar to Timor-Leste, the major contributors to 
women’s disempowerment in Cambodia, also a post-conflict nation, were 
group membership and workload (Malapit et al. 2014). Cambodia was the 
only country among 13 where men’s disempowerment was greater than 
women’s, similar to Timor-Leste, and the Philippines (Malapit et al. 2020). 
Besides, a study assessing women’s empowerment in SEA, including Timor- 
Leste, found consistent patterns across countries (Phan 2015). Our findings 
contribute with further empirical evidence to the SEA regional pattern of 
fairly equitable gender relations in agriculture (Akter et al. 2017), which 
appear to mediate decisions on production, income use, and resource ac-
cess, in turn, reflected in small gender gaps. 

4.2. Associations of women’s empowerment and household food 
production with the dietary diversity of children and women 

Our study found that women who were empowered were signifi-
cantly more likely to consume and provide more diverse diets. Specif-
ically, we found that the empowerment of women in agriculture was an 
important predictor of maternal dietary diversity, while the strength of 
the association was more modest for that of children. After controlling 
for key individual, household, and agro-geographic characteristics, we 
found that both measures of empowerment –binary and aggregate 
score– as well as access to and decisions over credit, were significantly 
and positively associated with improved women’s DDS. Children 12–59 
months whose mothers were empowered, participated in groups, and/or 
owned more assets were moderately more likely to achieve higher DDS. 
Hence, in the context of least developed suku and therefore limited re-
sources, Timorese women’s agency in agriculture seems to play a sig-
nificant role in the achievement of dietary outcomes for mothers, while 
for children the results were more nuanced. The moderate association 
with children’s DDS was no longer statistically significant when the 
empowerment score was aggregated in the multivariable model, indi-
cating a non-linear association that merits further investigation as this 
could be due to our small sample size. 

The scant evidence on empowerment and nutrition in Timor-Leste 

Table 5 
Coefficient estimates summary: women’s empowerment indicators, food production, and children’s dietary diversity scores (n = 156).   

Children’s dietary diversity (DDS) 

Explanatory 
variables 

Model I: 
Production 
decisions 

Model II: 
Ownership of 
assets 

Model III: 
Access to & 
decisions on 
credit 

Model IV: 
Income 
control 

Model V: 
Group 
membership 

Model VI: 
Workload 

Model VII: 
Empowered 
(binary) 

Model VIII: 
Aggregate 
empower. 

Model IX: 
Intra-HH 
empower. gap 

Women’s Empowerment indicators 
Number of 

productive 
decisions 

0.1 
(− 0.1, 0.3) 
0.248         

Number of assets 
owned  

0.1* 
(0.0, 0.1) 
0.047        

Number of 
decisions on 
credit   

0.2 
(− 0.1, 0.3) 
0.153       

Number of 
income 
decisions    

0.1 
(− 0.0, 
0.2) 
0.068      

Number of groups 
membership     

0.2* 
(0.0, 0.4) 
0.040     

Time spent in paid 
& unpaid work      

− 0.0 
(− 0.1, 0.0) 
0.493    

Empowered (Yes/ 
No)       

0.3* 
(0.0, 0.6) 
0.044   

Aggregate 
empowerment 
score        

0.8 
(− 0.1, 1.6) 
0.070  

Intra-household 
empowerment 
gap         

− 1.1 
(− 2.7, 0.4) 
0.150 

Household Food Production 
Production 

Diversity Index 
(10 FG) 

0.1** 
(0.0, 0.2) 
0.004 

0.1** 
(0.0, 0.2) 
0.002 

0.1*** 
(0.1, 0.2) 
< 0.001 

0.1** 
(0.1, 0.2) 
0.001 

0.1** 
(0.1, 0.2) 
0.001 

0.1*** 
(0.1, 0.2) 
< 0.001 

0.1** 
(0.1, 0.2) 
0.001 

0.1** 
(0.1, 0.2) 
0.001 

0.1*** 
(0.1, 0.2) 
< 0.001 

Adjusted R- 
squared 

0.16 0.17 0.16 0.17 0.17 0.15 0.17 0.17 0.16 

N 156 156 156 156 156 156 156 156 156 

Note: FG = food groups; HH = household. Aggregate empowerment score based on the 5DE, a continuous variable. 
Data show coefficient estimates (β) and significance * P < .05, ** P < .01, *** P < .001; in parenthesis the 95% confidence interval; and below the P value. 
All models controlled for child age (months), maternal education, household wealth index tertile, distance from household to market (km), livelihood zone, and 
district. 

10 Pro-WEAI is composed of 12 indicators that measure three types of agency: 
intrinsic agency (power within), instrumental agency (power to), and collective 
agency (power with). Further information at: http://weai.ifpri. 
info/versions/pro-weai/ 
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also indicates a positive relationship between measures of women’s 
empowerment and child and maternal nutrition outcomes. A 2013 na-
tionally representative survey found strong associations between 
mothers’ sole decision on foods given to children and better comple-
mentary feeding, as well as between joint household decisions and lower 
prevalence of underweight among women (MoH 2015). Additionally, a 
report using 2009/2010 DHS data found a positive yet weak association 
between household decision-making and child stunting (P = .050) 
(Scantlan and Previdelli, 2013). In a qualitative study, women’s au-
tonomy on income decisions was shown to be an important contributor 
to dietary diversity, as women frequently reported using their earnings 
to purchase diverse foods and children’s educational needs as opposed 
to men, who often used income for ceremonies and personal items 
(Wong et al. 2018). These studies suggest that autonomous 
decision-making may play an important role in the agency of Timorese 
women. Conversely to our results, the WEAI multi-country baseline 
identified a strong association between the WEAI score and children 
receiving the minimum acceptable diet –a composite indicator of dietary 
diversity and meal frequency, while that association was ambiguous 
with women’s DDS –measured in 9-groups (Malapit et al. 2014). 

Specific empowerment domains showed mixed results. For instance, 
the time domain, in which women were most disempowered due to high 
levels of time poverty, or intra-household inequality, were not 

associated with better diets for mothers nor children. The leadership 
domain, measured as group membership, was weakly correlated with 
maternal DDS while significant among children. In Timor-Leste, chil-
dren whose mothers participate in care groups tend to receive better 
feeding practices (MoH 2015), including those in the CDNIP interven-
tion as our results and their endline evaluation suggest (CRS and K4Dev 
2018), which highlight the effectiveness of group and community-based 
nutrition education in rural settings. This social capital measure also acts 
as a gauge for socio-cultural norms that might discourage women’s 
engagement in out-of-home activities (Alkire et al. 2013). The resources 
domain presented inconclusive findings, as the credit indicator was 
associated with improved maternal DDS but was non-significant for 
children, while assets ownership was moderately significant for children 
but not for women. Lastly, the production and income domains showed 
no association with either dietary diversity score. Our results suggest 
that tradeoffs between empowerment indicators and dietary outcomes 
are not apparent given that significant correlations were all positive, 
contrary to findings by Quisumbing et al. (2021) in six LMIC where 
multiple negative associations with women’s DDS –based in 9-groups, 
were found. 

In contrast, production diversity emerged as a consistent predictor of 
dietary diversity, particularly among children. For every additional food 
group produced by the household, child DDS increased a tenth of a 

Table 6 
Coefficient estimates summary: women’s empowerment indicators, food production, and women’s dietary diversity scores (n = 156).   

Women’s dietary diversity (DDS-W) 

Explanatory 
variables 

Model I: 
Production 
decisions 

Model II: 
Ownership of 
assets 

Model III: 
Access to & 
decisions on 
credit 

Model IV: 
Income 
control 

Model V: 
Group 
membership 

Model VI: 
Workload 

Model VII: 
Empowered 
(binary) 

Model VIII: 
Aggregate 
empower. 

Model IX: 
Intra-HH 
empower. gap 

Women’s Empowerment indicators 
Number of 

productive 
decisions 

0.2 
(− 0.0, 0.4) 
0.105         

Number of assets 
owned  

0.1 
(− 0.0, 0.1) 
0.119        

Number of 
decisions on 
credit   

0.3** 
(0.1, 0.5) 
0.008       

Number of 
income 
decisions    

0.0 
(− 0.1, 
0.1) 
0.350      

Number of groups 
membership     

0.2 
(0.0, 0.4) 
0.051     

Time spent in paid 
& unpaid work      

− 0.0 
(− 0.1, 0.1) 
0.863    

Empowered (Yes/ 
No)       

0.4* 
(0.1, 0.6) 
0.014   

Aggregate 
empowerment 
score        

1.2** 
(0.3, 2.0) 
0.007  

Intra-household 
empowerment 
gap         

− 1.0 
(− 2.7, 0.6) 
0.206 

Household Food Production 
Production 

Diversity Index 
(10 FG) 

0.1 
(− 0.0, 0.1) 
0.154 

0.1 
(− 0.0, 0.1) 
0.072 

0.1* 
(0.0, 0.2) 
0.034 

0.1* 
(0.0, 0.2) 
0.036 

0.1* 
(0.0, 0.1) 
0.049 

0.1* 
(0.0, 0.2) 
0.020 

0.1 
(− 0.0, 0.1) 
0.076 

0.1 
(− 0.0, 0.1) 
0.074 

0.1* 
(0.0, 0.2) 
0.028 

Adjusted R- 
squared 

0.13 0.13 0.16 0.12 0.14 0.11 0.15 0.16 0.12 

N 156 156 156 156 156 156 156 156 156 

Note: FG = food groups; HH = household. Aggregate empowerment score based on the 5DE, a continuous variable. 
Data show coefficient estimates (β) and significance * P < .05, ** P < .01, *** P < .001; in parenthesis the 95% confidence interval; and below the P value. 
All models controlled for the age difference between primary male and woman (years), maternal education, household wealth index tertile, distance from household to 
market (km), livelihood zone, and district. 
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group, an association that was constant and statistically significant 
across all models, while for women the significance was modest. Our 
results suggest that producing a wider variety of crops and animals, 
including livestock and fish, equivalent to the DDS-W 10-food groups, 
has a positive and statistically significant association with diets. Studies 
in Nepal and Ethiopia using a similar metric, based on nine and 7-groups 
respectively, found that production diversity played an important role in 
improving child and maternal DDS (Malapit et al. 2013, 2015b; Yimer 
and Tadesse 2015). Interestingly, the Production Diversity Index was 
weakly associated with women’s empowerment in the bivariate 
regression, suggesting that households with greater agricultural di-
versity may consume more diverse diets when also inhabited by 
empowered women. Positioning our results within the pathways from 
agriculture to nutrition outcomes, we found that women’s empower-
ment, specifically intra-household decision-making and resource allo-
cation –but not prolonged workloads, as well as food production, were 
correlates of dietary quality. We conclude that our initial hypothesis was 
accurate, as specific measures of women’s empowerment and food 
production were associated with child and maternal DDS. 

4.3. Strengths and limitations 

The study’s main strengths were the data collection quality as the 
local enumeration team was highly motivated and well-trained, and the 
trust built with participants over time, which we believe reduced so-
cially desirable responses. Additionally, the lead author participated in 
fieldwork enabling greater contextualization of results. The study had 
several limitations. Sometimes male partners were present during the 
women’s interviews, which were not always private yet non- 
interviewees usually left after a while. The time allocation module 
was the most complex to administer due to interviewees not necessarily 
linearly counting time nor using time tracking devices, making our re-
sults the best possible estimation; moreover, time allocation was 
recorded as a single data point and therefore limited in its generaliz-
ability due to agricultural work seasonality. All data were self-reported 
and therefore prone to respondent bias, and the DDS did not record 
weighed food intake data. We assumed a random motive in the char-
acteristics of excluded outliers, yet we lack certainty. The A-WEAI was 
insufficient to consider the structural barriers that shape women’s 
inequality, especially regarding their ability to choose in a context 
where other social determinants, such as class, location, and language, 
generate intersecting systems of power. Therefore, our results present a 
depiction of empowerment in rural Timor-Lese of limited depth, given 
its complexity and different determinants. Ultimately, the tool provides 
a narrow measure of empowerment when it appears to be a social 
construct of intricate breadth. 

4.4. Policy implications and future research 

Nutrition-sensitive policies and programmes in Timor-Leste could 
gain from prioritizing women’s empowerment as a valuable investment 
to improve child and maternal diets and wellbeing, as well as from 
promoting agriculture diversification strategies –including livestock and 
aquaculture, accompanied by group-based nutrition education. Overall, 
women may benefit from reduced workloads and higher participation in 
groups. Promoting time-saving technologies in agriculture and domestic 
work, as well as reinforcing gender-sensitive extension services, are 
recommended. Future research should scrutinize the nature of decision- 
making and unpack intra-household bargaining processes, as while male 
and female participants reported high levels of joint decisions the inci-
dence of domestic violence is pervasive in Timor-Leste. This could mask 
unequal power dynamics that may influence how decisions are made. 
Future investigations could explore gender relations in agriculture and 
their association with dietary practices in other Southeast Asian coun-
tries to continue building this body of evidence and identify country- 
specific impact pathways for policy formulation. Further research is 

warranted to examine the appropriateness of the standard thresholds 
used by WEAI tools in societies where gender inequalities are less 
pronounced. 

5. Conclusion 

This research examined the extent of women’s and men’s empow-
erment in agriculture through the A-WEAI tool and analyzed the rela-
tionship between A-WEAI indicators and household food production on 
the dietary diversity of children 12–59 months and their mothers in rural 
Timor-Leste. We found that, according to the A-WEAI methodology, the 
gender gap in agriculture is small particularly in terms of decision- 
making on productive matters, ownership of assets, and control over 
income. Women showed marginally higher levels of empowerment 
compared to men, probably due to our biased sampling as many 
participated in CDNIP groups. These are surprising results when 
compared with indirect and direct national indicators of women’s 
empowerment, such as lower literacy and the high prevalence of gender- 
based violence, combined with men’s greater access to extension ser-
vices despite women’s involvement in cropping and livestock work. 
Timorese women were most disempowered in the time and leadership 
domains, and almost four in ten experienced time poverty. Moreover, 
aspects of empowerment in agriculture in Timor-Leste shared a pattern 
of gender relations that appears common across Southeast Asian 
countries. 

Notably, our results showed that empowerment is an important 
correlate of maternal and child dietary diversity and that household 
production diversity is associated with improved diets. The associations 
between overall empowerment and women’s dietary diversity scores 
were stronger than among children, whilst production diversity was 
consistently significantly associated with children’s DDS. Individual 
empowerment indicators were also correlated with dietary diversity, for 
children, maternal group membership and ownership of assets, and for 
women, access to and decisions over credit. In contrast, income and 
production decisions, workload, and intra-household inequality were 
not statistically significant correlates of either women or child DDS. 
Thus, different measures of empowerment might be important for di-
etary quality, as our mixed results show, consistent with the literature in 
Timor-Leste and other LMIC. Our study was undertaken among rural 
smallholders with limited access to material resources, and where the 
agency of Timorese women in agriculture emerged as a significant factor 
in the achievement of dietary outcomes. As stated in the SDGs, women’s 
and girls’ empowerment is an end goal in itself to realize gender equality 
and social justice, as well as a means by which to accomplish other 
development outcomes including improving maternal and child 
nutrition. 
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