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The roles of women in cookstove 
intervention studies
 

Annelise Gill-Wiehl    1   & Isha Ray    2

Clean cooking fuel interventions can substantially advance Sustainable 
Development Goals related to health, poverty, gender equality and 
(possibly) climate change. Here we systematically review gender roles within 
cookstove randomized control trials (RCTs) with respect to (1) health and 
exposure; (2) time, labour, finance and behaviour; (3) climate; and (4) the 
research activities. We focus on RCTs because public health scholarship 
considers RCTs, despite limitations, to provide the highest-quality evidence 
to guide policy and widescale programming. Across our 123 included 
studies, women are frequently targeted but then not acknowledged in 
time, labour, finances and even health outcomes. Acknowledgement of 
gender norms is scarce. Using WHO gender-responsiveness categories, 
we find that 37% of studies were gender-unequal or gender-unaware. 
Women are often monitored only as proxies for their unborn children, 
our category of gender-unaware but sex-aware (26%). Twenty-nine 
percent are gender-sensitive, with only 6% gender-specific and two 
gender-transformative studies. We present recommendations for the field 
to shift to more gender-sensitive research designs, without which the field 
risks leaning into existing inequalities and basing future interventions on 
spuriously gender-neutral premises.

Gender-sensitive policies are integral to achieving all Sustainable 
Development Goals (SDGs). Interventions that expand access to clean 
cooking technologies have the potential to deliver gains across mul-
tiple SDGs, including health, poverty reduction, gender equality and 
(possibly) climate1. Women, often serving as their households’ main 
cooks, cope with the exposure, time and physical burdens of cooking 
with solid fuels2,3 and the resulting household air pollution4.

Cross-sectional and case studies have found that women spend 
more time than men do collecting fuels, cooking and cleaning 
utensils2,3,5. They also face higher exposure to household air pol-
lution6. Others have found that households with female heads, or 
with women decision-makers or income-earners, are more likely 
to use clean fuels5,7,8. There have been calls to incorporate more 
women in the energy sector9,10 and intervention designs11 and to 
design specific energy interventions aimed at empowering women12. 
Researchers have also emphasized intrahousehold dynamics and 

women’s bargaining power when it comes to household cooking 
fuel choices5,13,14.

Many cookstove studies claim gender equality and women’s health 
as research motivations or as intervention cobenefits15–17; however, 
women’s roles and impacts on women have not been comprehensively 
reviewed across the clean cooking literature. Review articles have 
covered the barriers to and drivers of improved18 and clean cooking 
access19–23, time savings24, the success or failure of behaviour-change 
interventions, emission exposures from different stoves25–27 and the 
health impacts of cleaner cooking23. These reviews typically report 
findings by household, kitchen, general category of personal exposure 
or adult/child outcomes and do not disaggregate exposure, health or 
time spent by sex. When reviews do consider gender, it is as a driver 
of access, adoption or use of clean fuels18,28, rather than evaluating 
the role of women in interventions or the intervention’s effects on 
women. Therefore, it is often not clear whether or to what extent clean 
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Outcomes spanned seven categories: health (n = 65), exposure 
to health-specific emissions (n = 66), climate emissions (n = 7), finan-
cial considerations (purchase decisions or willingness to pay (WTP)) 
(n = 23), time savings (n = 13), behaviour change (n = 26), cooking 
fuel consumption (n = 14) and other (n = 7). Some articles reported 
multiple outcome categories. Researchers, with first authors largely 
from the United States (n = 80), conducted trials across 17 low- and 
middle-income countries (LMICs; Supplementary Fig. 1). Thirty-six of 
the articles (n = 36 of 123) covered a ‘clean’ cookstove that meets the 
World Health Organization’s (WHO) standards34, and 64 covered an 
intervention with, for example, an improved biomass stove that does 
not meet the WHO health criteria. The rest (n = 23) covered interven-
tions with both.

All cookstove RCTs, regardless of outcome focus, required the 
participation of at least one household member (that is, participation 
was essential to the trial). We distinguished this from participation in the 
research activities. Participation essential to the trial could mean using 
the improved/clean stove, buying fuels or engaging in an auction of dif-
ferent stoves to reveal WTP. The individual targeted as the participant 
was not necessarily the individual whose outcome was of interest. Inter-
ventions targeted unspecified members of households (n = 32 of 123), 
women (n = 28 of 123), pregnant women (n = 27 of 123), pregnant women 
as proxies for their unborn children (n = 15 of 123), a child/fetus and their 
mother (n = 10 of 123), a child and an unspecified-gender adult (n = 2 of 
123), or both men and women (n = 9 of 123). Interventions reported out-
comes for unspecified members of households (n = 20 of 123); women 
(n = 26 of 123); pregnant women (n = 8 of 123); a fetus, child or pregnant 
women as proxies for their unborn children (n = 36 of 123); a child/fetus 

cooking interventions are increasing gender equality or women’s 
empowerment28. There has been distinguished work on gender and 
modern domestic energy29, but its focus on electrification limits its 
usefulness for clean cooking, given low rates of electric cooking in 
low-income settings. When cookstove studies report data by gender, 
these are sex-disaggregated along the male/female binary. Therefore, 
in this article, we adopt the same convention, although gender and sex 
are related but distinct.

Here we systematically review cookstove randomized control 
trials (RCTs) to ask, ‘What are the roles played by women in cook-
stove intervention studies?’ We apply this question to four specific 
dimensions within the literature: (1) How are women’s health and 
exposure discussed? (2) How are women’s time, labour, finance and 
behaviour discussed regarding the intervention? (3) How is gender 
addressed in climate emission studies? (4) How are women engaged in 
the research itself? We focus on RCTs because public health scholar-
ship considers RCTs, despite critiques and limitations30,31, to provide 
the highest-quality evidence to guide policy and widescale program-
ming32. We build off a review paper in the water, sanitation and hygiene 
(WASH) literature showing that women are largely exploited within 
WASH RCTs33.

Results
Systematically, we reviewed 236 full articles and included 123 (Fig. 1). 
We excluded roughly half of the identified articles as several papers 
were adjacent analyses, such as a nested cross-sectional study within 
an RCT, exposure response with the treatment but not control group 
or qualitative work only (Methods).

Records identified through Web of Science, PubMed, Science Direct, Google Scholar, Clean
Cooking Alliance, Energy Sector Management Assistance Program and ProQuest

Titles/abstracts screened
(n > 180,000 records)

Articles excluded in screening
(n ≈ 180,000)

Full-text articles assessed
for eligibility (n = 236)

Full-text articles excluded
(n = 113)

Studies included in the
review
(n = 123)
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Outcome categories:
Behaviour change (n = 26)
Climate emissions (n = 7)
Cooking fuel consumption (n = 14)
Financial/purchase decision (n = 23)
Health (n = 65)
Health emission exposure (n = 66)
Time savings (n = 13)
Other (n = 7)
Note: Some papers tracked multiple outcome
categories.

Fig. 1 | Our literature selection process from identification and screening to the papers included, along with the specific outcome types. The primary criterion 
for inclusion in our systematic review was a cookstove RCT, published between 2000 and 2024 in LMICs. Only English language papers were reviewed. Figure adapted 
from ref. 67 under a Creative Commons Licence CC BY 4.0.
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and their mother (n = 8 of 123); a child and an unspecified-gender adult 
(n = 4 of 123); both men and women (n = 4 of 123); or the household level 
(n = 17 of 123). Most studies (n = 96 of 123) reported the gender of the 
main participant in the main text, whereas 27 articles ignored it or only 
reported the statistic in a table. We evaluated our results on the role 
of women along the four dimensions identified above; some studies 
reported outcomes outside of our identified categories (n = 7 of 123), 
such as nutrient intake, school attendance, and so on.

Health and exposure
Women were often targeted as the main respondents because they are 
usually the main household cooks, but also because prenatal exposures 

are important for children’s lung development, birth weight, stunting 
and other health outcomes. Twenty-two studies (n = 22 of 65) reported 
women’s outcomes (either alone or alongside their child’s), whereas 34 
studies (n = 34 of 65) monitored only women for exposures to explain 
their children’s outcomes (Table 1). Thirteen studies (n = 13 of 65) 
disaggregated outcomes by gender (child or adult). Fifteen (n = 15 
of 65) adjusted their models with sex as a covariate. Nineteen (n = 19 
of 65) did not address gender (Table 1). Of the health studies report-
ing women’s outcomes, 12 of 18 included only mothers and women of 
reproductive age.

For the exposure studies, we find that 28 of 66 studies reported 
women’s outcomes, whereas 24 of 66 monitored only women for their 

Table 1 | Assessment of gender in included studies

n/N

Participation (N = 123)

Intervention required the participation (compliance and involvement) 
of an individual

123/123

Only targeted women 28/123

Only targeted men 0/123

Only targeted ‘households’ or an unspecified or ungendered member 
of the household

33/123

Targeted pregnant women 27/123

Targeted children and/or pregnant women / unspecified parent as a 
proxy

15/123

Targeted children and their mothers 10/123

Targeted children and an unspecified adult 2/123

Targeted (or at least encouraged) both men and women in a 
household

8/123

Stove type (N = 123) Intervention assessed only a WHO ‘clean’ stove 35/123

Health outcome studies 
(N = 65)

Study health outcomes disaggregated by gender Yes (13/65)
Explicitly included as a covariatea (15/65)
Only women (18/65)

Health-specific emission 
exposure outcome 
studies (N = 66)

Study exposure outcomes disaggregated by gender Yes (6/66)
Explicitly included as a covariate (6/66)
Only women (36/66)

Financial outcome 
studies (N = 23)b

Study considered income or expenditure in any financial or 
affordability discussion

No consideration of income/expenditure (4/23)
Consideration of income/expenditure (13/23)
Consideration of wealth (6/23)

Study specified the gender of the individual(s) controlling the budgetc No (16/23)
Assumedd man (3/23)
Impliedd woman (2/23)
Yes (2/23)

Study specified the gender of the individual(s) purchasing the stove 
or fuel

No (14/23)
Implied woman (3/23)
Implied man (5/23)
Yes (1/23)

Time saving outcome 
studies (N = 13)

Study reported time data on cooking activities, fuel collection and 
stove maintenance

Time for cooking activities (10/13)

Time for fuel collection (8/13)

Time for stove maintenance (1/13)

Study specified whose time was saved Woman (4/13)
Household (5/13)
Primary cook (4/13)

Studies that would 
require a behaviour 
change / training (N = 118)

Study mentioned compliance with intervention as a factor leading to 
null or unexpected result

10/118

Study explicitly specified the gender of whom they trained and thus 
who was expected to make the change or ensure that other household 
members changed their practices

28/118

a Studies that include gender as a covariate do not present the results separately but have gender as a coefficient in presented regression results. b One study that did not track financial 
outcomes did track women’s and men’s earnings separately and implied that the woman was in charge of purchasing the stove; one study provided the stove and fuel for free and then 
reported whether participants generated any additional income during the additional time that the more efficient stove provided them. We include the former and exclude the latter in our 
financial outcome analysis. c One study’s experiment was based on giving both spouses individual income and decision-making power and tracking outcomes; it did not specify outside of the 
experiment which spouse controlled the budget, so we included this as a no. One study assumed the man controlled the budget but did survey whether the wife was an earner. d ‘Assumed’ 
means the study states that the man controlled the budget without citing any research, pilot work or surveying done to conclude that, and ‘implied’ indicates that the study language implicitly 
indicates that a spouse of a specific gender had some control.
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children’s outcomes. The remaining studies had variations (total <10%). 
Regarding gender in exposure outcome studies, six studies (n = 6 of 66) 
disaggregated outcomes by gender (infant or adult), and six (n = 6 of 
66) adjusted their models with sex as a covariate. Ten studies (n = 10 of 
66) reported exposures at the kitchen/household level.

Women’s behaviour, labour, time and finances
Few studies acknowledged the gender of those whom project staff 
trained and thus who were expected to make the necessary behaviour 
change or ensure that other household members did so (n = 28 of 123). 
It was usually implied, but not explicit, that the woman was responsible. 
For example, the intervention’s communication or educational materi-
als (if provided) clearly targeted women through pictures, instruction 
manuals and so on. Other studies simply enrolled pregnant women, 
provided them the stove and tracked their exposure, never acknowl-
edging whether they were the ones cooking.

Additional labour needed could include chopping up biomass 
into smaller pieces to fit the improved stove, using specific tools for 
large pots (that is, metal supports on a gas burner), adjusting to the 
new stove and so on. The time or the gender of the individual facing 
those costs was rarely reported (Table 1).

Intervention stoves hypothetically saved time for cooks, as 
improved or clean stoves often light and cook foods more quickly than 
open fires and reduce fuel collection time. Only 13 of the 123 studies 
reported time saved, typically time saved cooking and/or collecting 
fuel; one study reported time to repair the stove. Cooking time was 
often determined through time diaries, defined as cooking episodes 
or monitored with stove use monitors. Only four of those (n = 4 of 
13) acknowledged that it was the woman’s time saved. Some studies 
even obtained the time saved from the female cook’s diaries but then 
reported it as ‘household’ time.

Twenty-three articles reported financial outcomes (WTP, fuel 
purchases and so on), and studies typically controlled for household 
income/expenditure or a wealth index in their analyses (19 of 23). Only 
two reported who controlled the budget (1 of 23) and only one study 
reported the gender of the individual who purchased the stove (1 of 23). 
Some studies assumed or implied the identity of these individuals but 
did not explicitly survey who was responsible (Table 1).

Climate studies
Trials focused on climate emissions or fuel conservation to reduce 
climate emissions did not mention the gender of household members 
who had to change their behaviour or assist with the research activities. 
Fuel consumption was reported at the household level only.

Engagement in the research itself
All articles required the involvement of a household member for data 
collection (that is, participation was essential to reporting); this mem-
ber was usually female but was sometimes left unspecified (Table 2). 
This participation, separate from that essential to the intervention, 
might require an individual to consent to answering questions, wearing 
a monitor or having a research team come in to measure emissions or 
the kitchen space and so on. Only one study reported the time commit-
ment for participants. Most studies did not mention any compensation 
for research-related efforts (time spent answering questionnaires or 
having researchers inside the home to measure emissions) (n = 85 of 
123). If reported, compensation was usually given as in-kind items (rice, 
children’s toys, bed nets) (n = 12 of 123). Twenty-six articles reported 
providing the intervention stove for free, compensating control par-
ticipants equivalently or reimbursing for transport for research-related 
activities (for example, health check-ups, focus groups and so on). A 
little under half the studies thanked participants or study households 
in their acknowledgements (n = 56 of 123).

Gender Responsiveness Assessment Scale
We assessed the reviewed studies against the WHO’s Gender Respon-
sive Assessment Scale (GRAS). The GRAS assesses health programmes 
and interventions through a gender lens, assigning each to one of 
five levels: gender-unequal, gender-unaware, gender-sensitive, 
gender-specific and gender-transformative35,36 (Fig. 2). According to 
WHO, gender-unequal interventions reinforce stereotypes and per-
petuate inequalities, whereas gender-unaware/blind interventions 
ignore gender roles, norms and relations; WHO states that neither 
should be pursued as they are implicitly exploitative. Gender-sensitive 
interventions indicate awareness of gender but do not discuss or 
address inequalities. Gender-specific interventions acknowledge 
men’s and women’s specific needs and roles but do not challenge 
gender roles or norms. Gender-transformative interventions address 
the causes of gender inequality and suggest how to transform harm-
ful gender roles, norms and relations and actively counter harmful 
stereotypes (Supplementary Table 1). We added a sixth category of 
‘Gender-unaware but sex-aware’ based on the number of cookstove 
trials targeting exposures for pregnant women as proxies for their 
unborn or neonatal children.

Interventions and GRAS
We categorized ~63% of the reviewed interventions as gender-unaware 
(n = 42), gender-unaware but sex-aware (n = 32) and gender-unequal 
(n = 4); ~37% were gender-sensitive (n = 36), gender-specific (n = 7) or 
gender-transformative (n = 2) (Fig. 3a). Assigning articles by their major 
outcome, we find that health studies were mostly gender-sensitive or 
gender-unaware but sex-aware. Articles with outcomes related to time, 
labour and behaviour; finance; and climate were mostly gender-unaware 
(Fig. 3b). Studies covering a WHO ‘clean’ stove were split between 
gender-unaware, gender-unaware but sex-aware and gender-sensitive. 
Those categorized as gender-specific, gender-transformative and 
gender-unequal were largely studies of stoves that do not meet the 
WHO standard (Fig. 3c).

Discussion
The reviewed cookstove trials were generally split among the categories 
of (1) gender-unaware, (2) gender-sensitive and (3) gender-unaware 
but sex-aware. Within cookstove trials, women are frequently targeted 
as subjects/respondents but then not acknowledged in time, labour, 

Table 2 | Assessment of research engagement in 
included studies

n/N

Research activities necessitated 
involvement of a household member 
for data collection

123/123

The primary individual(s) facilitating research activities are:

Women 60/123

Implicit that they are women 21/123

Men and women 9 /123

Unspecified member of the 
household

32/123

Children and an unspecified adult 1/123

Study reported time commitment 
required from participants to answer 
questions from field team

1/123

Study reported compensation 
provided for engaging in research 
activities

Yes (12/123)
No (85/123)
Mentioned free/subsidized stove/fuel 
for treatment and/or control at end of 
study and/or free transport/follow-up 
care (26/123)

Study reported thanked study 
participants or households in 
acknowledgements

Yes (56/123)
No (67/123)
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finances and even health outcomes. This absence is not a deliberate 
neglect of women’s wellbeing. Rather, it is an instance of what ref. 
37 called the progress of ‘normal science’: an enterprise with widely 
accepted theories, research questions, methods and tools or ‘the 
dominant paradigm’ within which most work is conducted37. Normal 
science builds systematically on what the field has already developed38, 
addressing questions that have not been adequately answered, but 
not questions that are not asked at all. We discuss our results and pre-
sent recommendations to steer the cookstove literature towards more 
gender-sensitive questions, designs and discussions.

Our review was dominated by health exposure and outcome stud-
ies, usually for children. These studies often targeted pregnant women 
but monitored their exposures only to predict the outcomes for the 
child (for example, birth weight). We augmented the GRAS schema to 
add the sex-aware category to acknowledge the critical importance 
of child health, but targeting pregnant women for their neonatal 
exposures, in their reproductive rather than gender roles, is neither 
gender-sensitive nor gender-unaware. As WASH scholars have noted, 
this gap is a missed opportunity to track the women’s outcomes39. 
Some of the interventions published separate articles on the child’s 
and woman’s health; however, the average ratio of articles on children 
to articles on women is 1.8. Further, two-thirds of the health studies 
reporting outcomes for women included only women of reproductive 
age, yet women cook well beyond their childbearing years. This over-
sight could be a product of research funders’ understandable interest 
in child health, but some funders are open to expanding the research 
scope if researchers stress its importance. Overall, women’s health out-
side of their reproductive years is understudied in cookstove research.

In behaviour change, labour, time and finance studies, gender 
roles are commonly ignored. In labour-time studies, the gender of 
the individual facing those time costs is rarely recognized. Financial 
studies rarely specify who is making the purchasing decisions. Several 

studies assume that men control household finances, although in 
sub-Saharan Africa, for example, the gender-separated nature of house-
hold budgeting is well documented40,41. WTP studies do not consider 
how differences in income earned or gendered spheres of expenditure 
determine stated WTP. This means that many cookstove interventions 
that require users to purchase the stove (or fuel) do not know their main 
consumers or how fuel purchases depend on the household’s financial 
norms42–44. Therefore, the affordability or unaffordability of cleaner 
cooking remains unknown. Some trials have implied that women did 
not value the stoves and therefore failed to maintain them45,46, without 
investigating the woman’s available time or resources to do so.

Cookstove sector studies frequently imply that cooking time saved 
leads to women’s empowerment. Yet only 11% of studies measured time, 
and even fewer acknowledged that it is ‘her’ time. Such an approach 
inadvertently condones the longstanding bias that women’s labour, 
especially within the household, is ‘free’47. Further, reduced time or 
effort may not lead to empowerment48,49; only one study acknowledged 
that women may not have agency over any time saved because of social 
norms and expectations. In fact, there is no direct link between time 
savings and empowerment50,51 when ‘freed-up’ time may not be under 
women’s control52,53. Clean energy access is necessary, but hardly suf-
ficient, for empowerment54.

Climate studies do not require gender-specific outcomes; how-
ever, we find a clear misalignment across climate and women’s health 
trials. We found that 87 of 123 trials implemented a stove that did not 
meet WHO criteria, even when conducted after the guidelines were 
released. These ‘improved’ stoves improve wellbeing (less drudg-
ery), decrease smoke exposure and have economic benefits (reduced 
fuel needs). These are valuable benefits, but they do not reduce the 
relative risk of disease55. Yet many such studies motivated their trials 
hypothesizing both climate and health benefits. Although no clean fuel 
intervention can guarantee improved health outcomes, observational 

Gender-unequal Gender-unaware
Gender-unaware but 

sex-aware Gender-sensitive Gender-specific
Gender-

transformative

Brief
description

Perpetuates gender 
inequality by reinforcing 

unbalanced norms, roles and 
relations

 Privileges men over women 
(or vice versa)

 Often leads to one sex 
enjoying more rights or 

opportunities than the other

Ignores gender norms, roles 
and relations

 
Very often reinforces gender-

based discrimination

 Ignores di�erences in 
opportunities and resource 

allocation for women and men

Often constructed based on 
the principle of being ‘fair’ by
treating everyone the same

Considers gender in relation to 
pregnancy and carrying children

Ignores di�erences in experiences 
or outcomes for di�erent-gendered 

parents 

Often fails to acknowledge the 
woman as a full participant, but 
rather as a proxy for their child

Considers gender norms, roles 
and relations 

Does not address inequality 
generated by unequal norms, 

roles or relations

 Indicates gender awareness, 
although often no remedial 

action is developed

Considers gender norms, 
roles and relations for women 
and men and how they a�ect 

access to and control over 
resources

Considers women’s and 
men’s specific needs

Intentionally targets and 
benefits a specific group of 
women or men to achieve 

certain policy or programme 
goals or meet certain needs

Makes it easier for women 
and men to fulfil duties that 
are ascribed to them based 

on their gender roles

Considers gender norms, 
roles and relations for 

women and men and that 
these a�ect access to and 

control over resources

Considers women’s and 
men’s specific needs 

addresses the causes of 
gender-based health 

inequities

Includes ways to transform 
harmful gender norms, roles 

and relations

 Objective is often to promote 
gender equality

Includes strategies to foster 
progressive changes in 

power relationships between 
women and men

Example
intervention

from
included

studies

Project assumes equal 
bargaining power in a joint 

decision to purchase, 
provides educational material 

that reinforces roles, tracks 
‘household’ stove use and

suggests policies to operate 
within current gender roles 
(that is, privileging men to 

encourage cookstove 
purchases).

Researchers assign 
‘households’ to di�erent

pricing/credit arms to pay 
for the upfront cost of the 

stove and track 
‘household’ fuel use. Never
acknowledge the gender of 
who is interviewed or who is 

cooking. In Methods, the 
authors may acknowledge 

the gender of the main 
participant but then only 

ever refer to the 
‘household’s stove use’.

The programme enrols pregnant 
women and tracks their exposure to 
particulate matter to evaluate their 

child’s prenatal exposure and
relation to the child’s outcome of

interest. Does not specify who was 
trained on the stove or expected to 

make the behaviour change to adopt 
the improved or clean stove to 

reduce exposure. The woman is not 
an independent participant but 

rather a mother–infant dyad.

The study targets women to 
train and provide the 

improved or clean stove as 
the primary cooks and tracks 

outcomes for women. The 
article may acknowledge that
women face a higher burden 

in terms of fuel collection 
and cooking but does not 

address that inequality.

The intervention provides 
women, as the primary 

cooks, with improved or clean 
stoves, acknowledges the 
burden faced by women 
and discusses how the 
intervention may help 

women fulfil their cooking 
duties.

The intervention engages 
women, acknowledges 
their disproportionate 

burden, tracks their 
outcomes and engages men 

to distribute the financial/ 
physical burden and 

reduced exposure across 
household members. The 
researchers compensate 
the women for their time  
and report their time and 

labour.

Fig. 2 | Example interventions from our included studies across our adjusted 
GRAS categorization. WHO developed GRAS to assess health programmes, 
policies and interventions, depicting approaches across five levels, with the 
goal of supporting only programmes that are gender-sensitive, gender-specific 
or gender-transformative35,36. The green shading lightens as each category 

progresses towards gender-transformative work. We added the category 
‘Gender-unaware but sex-aware’ based on the number of clean cooking 
intervention trials targeting exposures for pregnant women as proxies for their 
neonatal children. These studies focus on women as purely reproductive beings.
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Fig. 3 | The GRAS applied across cookstove intervention outcomes.  
a, Outcomes organized into their GRAS category. b, GRAS breakdown in the 
outcome categories. c, Article stove categories organized across their GRAS 
categories (N = 1,233 for all). We augmented the WHO’s GRAS categorization, 

adding an additional specification, ‘Gender-unaware but sex-aware.’ Although 
studies often collect data on outcomes spanning categories, for this analysis we 
identified the major outcome category to assign one category to each article.

http://www.nature.com/natsustain


Nature Sustainability

Analysis https://doi.org/10.1038/s41893-026-01769-z

studies and RCTs have established exposure–response curves showing 
that only specific fuels (liquefied petroleum gas, electricity, biogas and 
so on) lower exposure enough to decrease relative risk of disease23,26,56,57. 
These fuels, absent stacking with polluting fuels (which is widespread 
due to unaffordability and unavailability), at least offer the possibility 
of health improvements.

Research indicates larger net benefits across health, climate and 
society for large-scale energy transitions to only clean fuels rather 
than partial transitions to improved stoves58. Thus, the persistence 
of targeting women for improved-yet-unclean stove interventions, 
despite their inability to reduce exposures to levels needed for health 
benefits, could be a product of legacy effects (that is, normal science) or 
the carbon market projects that researchers may work with. Indeed, the 
field has a history of prioritizing stove designs for purposes other than 
women’s needs59. This position is especially troubling because women 
cooking over open fires are not major drivers of CO2-equivalent (CO2-e) 
emissions60,61. Reducing cooking-related CO2-e emissions through 
improved stoves could at best decrease annual CO2-e by ~1.8% of global 
CO2-e in 202362,63.

Women had critical, time-consuming involvement in generating 
the research data: providing urine first thing in the morning, wearing 
personal exposure monitors, bringing in their children for biweekly 
visits to provide research data and answering fuel use and purchase 
questions at regular intervals. To comply thus with an intervention is 
to act as an unacknowledged research assistant. Women participants 
may have received some benefits but certainly donated their time; 
only one study acknowledged that commitment. We contend that even 
when compensation is not feasible, accounting for respondents’ time 
is always possible.

We acknowledge that research fields have limited resources, 
funders have specific foci, and it takes time to change legacy effects 
within fields. Not every study needs to be gender-specific; however, 
our results indicate implicit biases within the overarching direc-
tion of the cookstove field and of where resources have been (or 
have not been) allocated. We do not imply any intention to dismiss 
women or perpetuate harmful gender norms. Our work is also lim-
ited to RCTs as the dominant form of empirical study in health and 
development economics, but there could be more gender-sensitive, 
gender-specific or gender-transformative studies in observational and 
quasi-experimental studies. However, cookstove RCTs as a whole could 
be more intentional in improving their number of gender-specific and 
gender-transformative studies (Fig. 3).

We present recommendations for researchers, funders and jour-
nals to acknowledge women, their roles and their costs in cookstove 
trials. Most journals require trials to report research design, sample 
size, randomization and so on. Few ask how the trial collected sex/gen-
der data. The Sex and Gender Equity in Research guidelines, adopted 
by WHO, recommend sex-disaggregation throughout the research 
process64. Health researchers have been encouraged to report on 
whether sex/gender was considered and how their study design ena-
bled gender-specific investigations65. Although insufficient49, energy 
research has also acknowledged the need to disaggregate outcomes 
by gender66. Cookstove researchers, funders and publishers must learn 
from gender-centred literature49, beyond public health or economics, 
to understand how their interventions could cement, inform or change 
harmful gender dynamics. We urge all journals, trial registries and 
funders to require RCTs to publicly report the gender of participants, 
their time commitments and procedures undertaken and whether they 
were compensated, as a way to acknowledge their contributions. Time 
commitments and compensation are often estimated for ethical clear-
ances and thus can be easily updated at publication. This could create 
a positive feedback loop in which other researchers do not have the 
expectation of free female labour and so properly budget future trials. 
Journal author guidelines and funder reporting should also encourage 
discussion of gender implications of their work. Finally, health-related 

cookstove funders and researchers could realign to study the health 
of women of all ages as well as newborns. These steps would better 
support their stated goal of gender equality.

We also suggest some specific ways in which more cookstove 
researchers can emulate the gender-sensitive and gender-specific 
studies. WHO already does not recommend gender-unequal and 
gender-unaware studies35. Studies can acknowledge the gender of 
their participants in the main text, document the shift in work due 
to the intervention (avoiding those with foreseen additional labour) 
and report women’s outcomes for themselves rather than only as a 
proxy for their children. More studies could systematically investi-
gate metrics that their participants (often women) value in addition 
to their health, such as their time and money. Studies could discuss 
differences in their participants’ access to resources (for example, can 
she buy fuel), needs (given her current household responsibilities) or 
outcomes (for example, higher exposure given her responsibility to 
cook). Studies could discuss how the intervention does or does not 
help women or men in their expected roles or generate hypotheses for 
changing these dynamics in the long run. In contrast, unaware studies 
do not acknowledge gender, only mentioning their participants’ gen-
ders in a table or supplemental material and automatically subsuming 
women’s work into a falsely unitary ‘household’. Gender-unequal stud-
ies potentially perpetuate harmful gender roles: they could suggest 
the design of stoves with features that men like (in settings where 
men have financial control), without considering what this means 
for the main user to be burdened with an ‘odd’ stove designed not for 
the cook but for someone else. In fact, the disproportionate number 
of gender-unequal studies with financial outcomes is partly a result 
of researchers, trying to increase WTP or actual purchases, inadvert-
ently prioritizing men’s preferences over women’s. Only one financial 
(and transformative) study attempted to understand those dynamics 
and called for gender-specific cookstove financing policies, helping 
women to control the money to meet their needs rather than appeasing 
unequal norms to make progress on energy access numbers.

Cookstoves had more gender-sensitive projects than the recent 
re-review of WASH interventions that inspired this research33 and even a 
few gender-specific and gender-transformative articles that discussed 
unequal norms and roles or how to improve women’s positions or 
incorporate remedial action35. Without more intentional change, how-
ever, women in cookstove interventions will remain invisible, enabling 
research to proceed without clear evidence of whether interventions 
are increasing their health, let alone their equality. As things stand, 
the clean cooking field runs the risk of, at best, leaning into existing 
inequalities and, at worst, basing current and future interventions and 
SDG progress on spuriously gender-neutral premises.

Methods
We reviewed all cookstove RCTs. The primary criterion for inclusion of 
the peer-reviewed and grey literatures was a cookstove-related RCT, 
published between 2000 and 2024 in LMICs. We searched through 
Science Direct, PubMed, Web of Knowledge, Google Scholar, ProQuest 
Dissertations & Thesis, the Clean Cooking Alliance and the Energy Sec-
tor Management Assistance Program databases. We used the search 
terms ‘clean cooking’ and ‘cookstove’ with ‘intervention’ and ‘trial’ 
and prioritized research articles and book chapters (as opposed to 
abstracts, conference posters and so on). In total, this produced more 
than 180,000 results. We screened titles and abstracts for eligibil-
ity and then removed duplicates. Both authors screened titles and 
abstracts; no inconsistencies were found. Throughout the studies 
identified, we conducted hand searches from their references. This 
process resulted in 236 articles that we read in full, of which we included 
123 (Fig. 1). We excluded roughly half of the identified articles as several 
papers were not RCT themselves but were adjacent analyses such as a 
nested cross-sectional study within an RCT or qualitative work only. 
We included only articles that documented outcomes of treatment 
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participants compared to control as opposed to exposure responses 
or other impacts with only the treatment group.

We excluded studies focused on institutional or commercial set-
tings or those conducted in a laboratory setting. We also excluded 
cross-sectional studies nested within RCTs and studies adjacent to 
RCTs such as deeper qualitative pieces. Only English language papers 
were reviewed.

If we found multiple versions of a paper, we included peer review 
publications: that is, in the case of duplicates across working papers 
or theses, we included the peer-reviewed article. Often, large RCTs 
produced a number of papers, each with a different scope or category 
of outcome but within the same overarching study design. Across our 
included sample, we identified 46 independent research endeavours 
that produced the 123 articles (Supplementary Table 2).

Analysis
Our review was narrative and mixed methods. We systematically 
tracked the type of intervention stove and whether it complies with 
WHO standards and whether the article came out before or after those 
standards were set. We tracked all outcome categories the article 
reported. For all articles, we tracked whether individual participation 
was necessary for the success of the intervention and whether the 
gender of the main participant was mentioned, and we categorized 
the individual who was targeted for participation (and their gender) 
and for whom outcomes were tracked (for example, women, men 
and women, men, unspecified member, child, child and unspecified 
adult, pregnant woman). For articles covering health outcomes and 
air pollution exposures, we tracked whether the article disaggregated 
results by sex and whether and how gender (or sex) was discussed or 
approached throughout the article text. For articles covering financial 
outcomes, we tracked whether income was considered and, if so, whose 
income (for example, woman’s, man’s, explicit joint). For studies on 
time savings, we tracked the types of time and whose time the article 
reported. For all studies, we tracked whether the article mentioned 
an individual they trained who was expected to make the behaviour 
change or be sure that others were following along in order to ensure 
the success of the intervention and whether this person’s gender was 
acknowledged. We tracked how gender was conveyed throughout any 
intervention communication. For research involvement, we tracked 
whether participation of an individual was necessary for research activi-
ties and whether the study reported the time commitment required 
and any compensation for participating in the research. We reviewed 
all of the studies’ ‘Acknowledgements’ sections and tracked whether 
participants where mentioned. Data were analysed in Microsoft Excel 
Version 16.89.1 and Python 3.9.13.

GRAS categorization
In order to categorize each article into a GRAS category, we evalu-
ated the entire article against the GRAS definitions and our additional 
category and definition (Supplementary Table 1). To ensure consist-
ency in our categorization of articles, we established a protocol to 
dictate how each article would be considered for its GRAS category 
(Supplementary Fig. 2), recognizing that some classifications have 
more porous boundaries. As categorization is more subjective than 
other variables we tracked, both authors discussed specific cases 
and determined appropriate categorization of large article catego-
ries as well as specific cases. We evaluated studies for the entirety of 
the text and tone of the article, focusing not only on results but also 
on how articles framed the introduction and discussion/conclusion 
sections. Please see Supplementary Fig. 2 for explanations of each 
GRAS categorization.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
All data and code are available at https://github.com/agillwiehl/
roles_of_women_cookstove_RCTs.

Code availability
All data and code are available at https://github.com/agillwiehl/
roles_of_women_cookstove_RCTs.
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