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ABSTRACT

	Gender equality is central to attaining sustainable development, but lingering disparities are still influencing women's engagement in agriculture and natural resource management. In this article, empirical and policy-based evidence from four different settings, Colombia, Bangladesh, Open- Source Software (OSS) communities, and upland agroforestry systems in La Union, Philippines that are critically synthesized to explain how culture, policy, and practice intersect in promoting or inhibiting women's empowerment. Based on a mixed-methods strategy that combines quasi- experimental, policy review, and community-based research designs, the study finds that gender inclusion is a process that needs to be at once cultural, institutional, and practical. In Colombia, civic education catalyzes long-term attitudinal transformation to gender equality; in Bangladesh, institutional changes anchor inclusiveness within climate-resilient agriculture systems; in OSS communities, underlying biases are inbuilt despite structural openings; and in La Union, women's broad participation in agroforestry highlights the disparity between contribution and power. In this case, empowerment is not an isolated event but a process that is ongoing and looped by education, balanced policy agendas, and transmutative community efforts. This research reveals that success of Sustainable Development Goal No. 5 entails bringing together cultural transformation, institutional design, and grass-roots practice in such a manner that empowers women not just to join but to lead and shape the direction of sustainable natural resource management.
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1. INTRODUCTION

Gender equality is one of the pillars of sustainable development under Sustainable Development Goal No. 5 to which all discrimination in whatever form is to be eliminated against girls and women (Smith & Sinkford, 2022; Di Vaio et al., 2023; Rosa & Clavero, 2022). The role of women in agricultural economies and natural resource management is not an issue of equity but a key factor towards the realization of food security as well as inclusive economic progress and environmental integrity. If women are provided with equal access to productive resources with that of men, agricultural productivity can be enhanced by 20-30%, thus eliminating hunger from a global scale (FAO, 2020). But efforts of women are consistently hindered by discriminatory behaviors regarding rights over lands, limited access to credit as well as technologies as well as rooted socio-cultural beliefs (Fitong Ketchiwou & Dzansi, 2023; Heilman et al., 2024).
Comparative research evidence from different settings show that the level of women participation in economic activities is a function of both global and local factors (Aguirre & Hewlett 2013; Golla et al. 2011). In Colombia, the addition of gender equality concepts to constitutional education has gradually changed society and increased female workforce participation. In Bangladesh, policy reviews indicate that the country is advancing toward climate-resilient and gender-inclusive agricultural practices due to a robust policy framework (Lopez et al., 2022; Timu & Kramer, 2023; Smith, 2025). However, there are gaps in implementation and gender budgeting. Women in the Philippines are actively involved in agroforestry and local governance structures, but they still struggle to obtain leadership roles and decision-making positions. Studies of open-source software communities show that women are segregated and subjected to subtle gender bias even in non-agricultural industries. 
The strength of these studies is that they supplement each other: Colombia reveals the effects of education and legislation on gender relations, Bangladesh shows how to mainstream gender equality into climate policies, the Philippines demonstrate how female participation affects communities and OSS research links gender equality to a digital economy (Javaid et al., 2024; Xia et al., 2024; Rachmad, 2025). Together, these three studies identify the following aspects of women’s participation in the preservation of natural resources. 
However, across the reviewed studies, one clear gap is the weak connection between policies, real practices and actual outcomes. In Colombia, civic education and reform seem to change social attitudes, though it is unknown how much impact they have upon particular sectors such as agriculture or local government. In Bangladesh, gender is well represented in policy at the national level but has little indication of the commitments being translated into action on the ground. The study from La Union indicates women's active participation in community activities but has not ventured fully its effects on empowerment and resource sustainability. More than most studies, they also homogenize women and overlook age differentials, property, or sources of livelihood. Registration is measured mostly but rarely validated against decision-making or for the benefit of everyone, which are better measures of empowerment. OSS community learning lessons hold great promise in their transferable inclusion practices, however, none of these ideas have been tested and piloted in rural and agrarian settings. More generally, there is an increased demand for empirically based, intersectional research that ties gender inclusion to real-world social, environmental, and economic outcomes.
Despite such contributions, there are several areas that remain untouched within the existing research. Comparative institutional reform analysis and evidence-based outcomes of empowerment are comparatively rare. Intersectional class, ethnicity, and generation roles are not debated in women's access to resources and decision spaces in research. Comparative studies on the longer-term impacts of gender-responsive interventions on ecological and socio-economic resilience are relatively few (Karuma, 2023; Ifeanyi-Obi et al., 2024; Angula et al., 2021). These gaps need to be bridged by collective, cross-sectoral action that unites quantitative and qualitative data to inform policy and practice.
This study integrates both global as well as local worlds' information in trying to shed light on wider gender roles as well as involvement in sustainable agriculture as well as natural resource management. Understanding the available technologies as well as enhancing available areas of knowledge, it tries to steer greater analytical complexity as well as guide future research as well as policy-making into more equitable as well as sustainable paths of development.
This reveals that gender inclusion is a multi-layered process. Cultural transformation, as seen in Colombia, builds the foundation for gender-inclusive policy development, as exemplified by Bangladesh’s climate-resilient agricultural strategies. These, in turn, resonate with local realities observed in the La Union upland agroforestry study and in the OSS women developers’ experiences. Together, the findings affirm that meaningful inclusion requires transformation at all levels, from cultural (values and beliefs), institutional (policy frameworks), and community (participation and perception).
Table 1.	Thematic synthesis of selected studies on gender, culture, and participation.

	Theme
	Focus / Key Question
	Key Studies Used
	Core Findings / Insights
	Implications / Synthesis

	1. Cultural and Structural Influences on Women’s Participation
	How do cultural norms and structural factors shape women’s participation in agriculture and other sectors?
	Galindo-Silva & Herrera-Idárraga (2023) – 'Culture, Gender, and Labor Force Participation: Evidence from Colombia.'
	Constitutional reform (1991) and civic education in Colombia introduced gender equality principles. Younger cohorts exposed to equality education show higher female labor participation and more egalitarian attitudes. Cultural and institutional norms interact to determine labor outcomes.
	Cultural transformation precedes institutional inclusion before policy can succeed, beliefs and gender norms must evolve. Education and civic engagement are powerful tools for reshaping gender roles, including in agriculture.

	2. Gender-Inclusive Policies and Climate-Resilient Practices
	How do gender-responsive policies strengthen climate resilience and equity in agriculture?
	Asian Disaster Preparedness Center (2023) – 'Gender Inclusive Climate Resilient Agriculture in Bangladesh.'
	Bangladesh’s agricultural and climate policies were reviewed using gender inclusion criteria (reference, recognition, sensitivity, participation). Findings show a shift from viewing women as vulnerable beneficiaries to recognizing them as agents of resilience. Institutional mechanisms enabled participation in planning and monitoring.
	Policy frameworks must institutionalize gender inclusion and ensure women’s involvement in decision-making and resource control. Linking gender and climate resilience improves sustainability and policy effectiveness.

	3. Local Case Studies on Participation and Perception
	How do women perceive and engage in resource management and non-traditional sectors, and what lessons are transferable to agriculture?
	Canedo et al. (2020) – 'Work Practices and Perceptions from Women Core Developers in OSS Communities.'; Gender Participation in the Sustainable Management of Resources within Upland Agroforests in La Union, Philippines.
	In OSS (non-agricultural, male-dominated field), women remain underrepresented despite competence. In La Union upland agroforestry, both men and women participate, but men dominate decision-making while women lead in soil conservation, seedlings, and livelihoods.
	Cross-sector insight: participation ≠ empowerment unless accompanied by decision-making power. In both OSS and upland contexts, empowering women’s voice and visibility is key to sustainable resource management.



Global to Local Linkages 
In most situations, women's participation flourishes when policy, culture, and everyday practice all move in tandem. In Colombia, programs of education citizenship strengthen respect for gender equality and it was revealed that belief systems could drive participation. Bangladesh’s agriculture related policies made established to deal with gender emphasizes that institutional change holds structural doors available for women. In the OSS communities, women’s participation shows how covered biases remain to limit recognition even in modern high technology environments. While in La Union, the Philippine upland agroforestry study indicates how Filipino women successfully make participation work by taking an active role in nursery activity, conservation of soil, and household decision-making despite prevailing gender roles.
There are forces cutting across that support or hinder women's involvement in these settings there were cultural values, access to institutions, and social attitudes. However, each analysis also reflects context-specific realities shaped by geography, policy context, and social history. Globally, education, inclusive policies and strong community support are key to empowering women worldwide. When women have access to learning, decision-making  roles, and supportive networks, their involvement grows stronger and more impactful. However, local challenges persist such as in Colombia, deeply rooted traditions slow progress. Furthermore, in Bangladesh climate change adds to women’s burdens, and in online spaces, controlling limits recognition, and in La Union, cultural norms and land rights continue to affect women’s leadership.
Emphasizing the Interconnectedness
	Addressing gender inclusion requires a subtle approach, as a single strategy is inadequate. Colombia’s evolving labor landscape influenced by cultural shifts, exemplifies this. Meanwhile, Bangladesh demonstrates the power of inclusive policies in fostering real equality. The OSS field study, despite its focus on digital environments, underscores the prevalent nature of societal issues in agriculture revealing that gender stereotypes affect all sectors. Similarly, La Union illustrates the interplay of these factors. The growing presence of women in agroforestry reflects these policy and cultural transformations. These cases collectively emphasize that meaningful advancements occur when education, policy and community initiatives are harmonized.

Table 2. 	Barriers and Enablers of Gender Participation Across Settings

	Country / Sector
	Main Barriers
	Key Enablers
	Change Mechanism
	Transferable Insight

	Colombia (Labor Participation)
	Cultural norms limiting women’s work roles; generational differences; low representation in formal sectors.
	Civic education promoting equality; government monitoring of labor data.
	Education shifts beliefs, increasing young women’s participation and confidence.
	Culture must change alongside education long-term socialization fosters equality.

	Bangladesh (Climate-Resilient Agriculture)
	Limited resource access; gendered vulnerability to climate shocks.
	Policy reforms mandating inclusion; women’s seats in planning and monitoring bodies.
	Institutionalizing gender within agricultural policy creates climate and gender resilience.
	Mainstream gender in all policy levels, inclusion must be systemic, not symbolic.

	OSS Communities (Technology)
	Invisible bias; under recognition of women’s contributions; lack of mentors.
	Codes of conduct; inclusive mentoring programs; transparent credit systems.
	Visibility and acknowledgment encourage continued participation.
	Representation and mentorship work in any collaborative environment, digital or rural.

	La Union, Philippines (Agroforestry)
	Male-dominated decision-making; limited market access; traditional gender roles.
	Women’s active role in nursery work, soil conservation, and livelihood programs.
	Practical involvement in environmental management enhances local empowerment.
	Link technical training to leadership opportunities to sustain participation.



Conceptual Framework

Cultural Change 
Transformation starts in culture, the common values and beliefs that condition the way societies construct women's and men's roles. In Colombia, civic education has been a turning point, demonstrating that where citizens can question prevailing norms, newly open spaces exist for equality (Galindo-Silva & Herrera-Idarraga, 2023). Consciousness and education are the bricks of inclusion, slowly toppling deeply-rooted hierarchies that long suppressed women's presence and voice.
Policy Integration 
Policy is the link between knowledge and action. National gender-sensitive, climate-resilient agriculture policies in Bangladesh have mainstreamed women's concerns into planning (Asian Disaster Preparedness Center, 2023). But the true test of policy is in their implementation. Successful gender integration goes beyond written policies but needs budgets, local institutions, and tracking systems that guarantee women's effective participation in decision-making processes, not as beneficiaries but as co-actors in the result. These policies lay out international commitments under Sustainable Development Goal No. 5 (United Nations, 2015).
Perception and Practice
	Whether inclusive truly take hold in a community depends on people perceptions. The La Union agroforestry study emphasized that as women’s involvement in local conservation and livelihood efforts became more visible, traditional attitudes began to evolve (Wagayen, 2020). This reflects the experience in open-source software communities were shifts in team dynamics to acknowledge women’s contributions which also reflects a process of relearning inclusion (Canedo et al., 2020). As perceptions evolve, practices adapt, fostering environments where equality becomes an integral aspect of daily interaction rather than an abstract objective.
Empowerment
	Empowerment is not achieved naturally, but rather a developmental process refined through sustained support infrastructures, encompassing education, equitable policies and inclusive governance frameworks. Real empowerment is more than participation. It is a sign of co-driven, resource available and capacity to lead it. When cultural knowing, organizational commitment and experiences have been met, women shift from being addressed as contributors to being addressed as co-managers of natural resources and sustainable development.

2. material and methods 

Each reviewed studies, followed distinct yet complementary research designs, shaped by their cultural and institutional settings but shared one common goal. Figuring out how gender roles affect who gets to participate in social, technological and environmental projects. Collectively, they reveal a balance between quantitative precision and qualitative depth, illustrating how gender focused research integrates analytical tools from economics, sociology, and policy studies.

Table 3. 	Research Designs

	Study
	Research Design
	Approach / Purpose

	Galindo-Silva & Herrera-Idárraga (2023), Colombia
	Quasi-experimental (difference-in-discontinuities design)
	Measures the causal effect of civic education on gender norms and labor participation.

	Canedo et al. (2020), OSS Communities
	Mixed-methods (repository mining + survey)
	Quantifies participation patterns and explores perceptions of women developers in a male-dominated digital sector.

	Gender Participation in the Sustainable Management of Resources within Upland Agroforests, La Union (Philippines)
	Descriptive survey design
	Examines gender participation and decision-making in community-based agroforestry systems.

	Asian Disaster Preparedness Center (2023), Bangladesh
	Policy review + stakeholder consultations
	Assesses how gender considerations are embedded in climate-resilient agricultural policies.




2.1 Data Sources and Sampling Procedures

The four studies used a wide range of data sources, from policy reports and local interviews to web archives and national surveys, reflecting the complexity of gender studies. Large datasets such as the Grand Encuesta Integrada de Hogares (GEIH) and the Political Culture Survey in Colombia allowed for longitudinal comparison across shifting gender norms and provided representative data by age. Data were gathered from 711 GitHub projects and a survey of 35 active female developers in open-source software communities, combining qualitative and quantitative participation metrics. Focus Group Discussions (FGD) and structured questionnaires were used to gather data from 145 participants in La Union, Philippines, including farming families and barangay officials. Over thirty policy documents were examined in Bangladesh. National stakeholder workshops that evaluated inclusivity and usefulness validated the findings.
To improve statistical and contextual understanding, this triangulation of sources combines local realities with aggregate evidence. Gender norms are generally changing, according to national surveys. Community interviews and focus group discussions (FGD) provide insight into how these norms are navigated in day-to-day interactions. The inclusion of policy briefs and digital participation statistics fills in the gaps between institutional and global contexts and personal experiences. This provides a foundation for evaluation and grounds quantitative patterns in real-world social dynamics.

2.2 Data Analysis Methods

The methods collectively demonstrate how gender analysis is predicated on context sensitivity in addition to quantifiable indicators. While qualitative models look at the social meaning and power dynamics that underlie these trends, quantitative models focus on trends and differences in participation. By combining them, gender participation can be viewed as a reality influenced by community politics, policy, and culture rather than just a statistical phenomenon. 
	The method used by all four of these studies to illustrate gender participation using empirical data and contextual understanding. Quantifiable patterns of inequality and participation that appear to be consistent across different populations are revealed by the quantitative approach used in Colombia and OSS societies. The social meanings, perceptions, and decision-making processes that underlie quantitative findings are revealed by qualitative and participatory research conducted in Bangladesh and La Union, on the other hand. By combining the two points of view, this review contrasts local and global contexts and establishes a solid foundation for comprehending how gender roles influence involvement in resource management and sustainable agriculture. The final section synthesizes the findings and themes of these studies and illustrates how community-level engagement, policy, and culture support women's participation and leadership in various contexts.

Table 4. 	Data Analysis Methods 

	Type of Analysis
	Studies 
	Analytical Focus

	Econometric / Statistical
	Colombia
	Estimates causal impacts of civic education on women’s labor participation and equality attitudes.

	Exploratory and Non-Parametric Statistics
	Open-source Software (OSS) Communities
	Compares work patterns and recognition between male and female developers.

	Descriptive Statistics
	La Union Agroforestry
	Summarizes gender roles, tasks, and decision-making in resource management.

	Content Analysis and Qualitative Validation
	Bangladesh
	Evaluates gender integration in agricultural and climate-resilience policies using inclusion criteria.




3. results and discussion

The synthesis of data from the four studies offered here brings out the multifaceted and context-specific gender roles in natural resource management and sustainable agriculture. Though the range and research approaches are varied among the studies, a common thread pervades them: gender equality has yet to change as a developmental goal and a social issue. Educational experience, organizational design, and policy actions have come a long way towards facilitating participation but the consistent continuation of structural and cultural barriers continues to preclude women from full participation and leadership in great segments of activity.
In Colombia, the quasi-experimental study by Galindo-Silva and Herrera-Idárraga (2023) demonstrates the ability of civic education to change gender attitudes and behavior. The research identified that gender-oriented civic education increased women's contribution to the labor market by 15% and gender attitudes more tolerant among youth. Although these findings are hopeful, the study also indicated that patriarchal values deeply ingrained especially within the family are largely resistant to change. The case illustrates that educational reform, though able to transform people's thinking about things, reinforces such gender transformation only as a long-term institutional process supported by the community.
In 2020, Canedo et al. shifted the focus toward gender inequities in Open-Source Software (OSS) communities in the non-farm sector. They noted that women still made up only a paltry 10% of the contributions, while the participation of women has been steadily rising. However, their contributions remained largely undervalued and overlooked compared with others from men, thus indicating structural discrimination within traditional work systems. This finding shows that, in addition to gender discrimination in physical environments, it prevails in the fast-growing realms of technology and virtuality, where women's contributions remain unequal in terms of access, visibility, and value.
At the community level, the La Union Philippines case study sheds light on the role of women in upland agroforestry systems. The survey indicates that women partake in daily farm work of planting, weeding, and harvesting but are poorly represented in leadership and decision-making positions. Out of the 145 respondents, 67% of the women were employed on farms, yet only 32% occupied decision-making positions within the community. This gap between high participation and poor leadership is consistent with a well-known observation that while women's contributions are recognized in terms of activity, they are often disregarded in considerations of power. These trends indicate that rural institutions need to enhance gender equity so that participation can improve in terms of both quantity and quality and affect decision-making.
There are far gains and remaining challenges when integrating a gender lens into policies addressing climate-resilient agriculture, as per a 2023 review by the Asian Disaster Preparedness Center on Bangladesh. Eighty percent of the policies included gender reference, with clear evidence of implementation found only in 45%, illustrating that institutional commitment seldom results in real change. Nonetheless, Climate-Smart Agriculture (CSA) programs do show promise in expanding women’s services, education, and access to credit, and hence their ability to be knowledgeable, educated and equal actors in the agricultural sector. In this sense, policy is an important ingredient for supporting ideas that enhance resilience, when complemented with adequate resourcing and regulation of integrating gender.
The results illustrate that gender participation goes beyond mere representation or headcounts. Gender equity is achieved in defining who takes up decision-making roles, gets paid for work, and how participation normative views are then transformed. Although education, technology and policy change are strong forces for transformation, they don't do it by themselves. Real change happens when institutional changes are in harmony with cultural changes, which are pushed by the investing communities that actively participate in redefining the roles of women in governance, innovation, and employment.

Table 5. 	Summary of Key Findings from Reviewed Studies

	Study
	Country / Context
	Focus
	Key Findings

	Galindo-Silva & Herrera-Idárraga (2023)
	Colombia
	Effect of civic education on gender norms
	15% increase in women’s labor participation; enhanced gender attitudes among youth.

	Canedo et al. (2020)
	Global OSS Communities
	Gender participation in technology
	Women comprise 10% of contributors; limited recognition of contributions.

	Local Survey (2024)
	La Union, Philippines
	Gender roles in agroforestry
	High female labor participation (67%) but low involvement in decision-making (32%).

	Asian Disaster Preparedness Center (2023)
	Bangladesh
	Policy integration of gender in climate-resilient agriculture
	80% of policies include gender clauses; 45% demonstrate measurable implementation.



 

4. Conclusion

· In Colombia, Galindo-Silva and Herrera-Idarraga (2023) indicated that civic education can change public perceptions about equality, but genuine change necessitates sustained engagement from both communities and institutions. In a similar vein, Canedo et al. (2020) revealed that gender disparities remain prevalent even in advanced and digital environments, where women’s contributions are frequently undervalued or ignored, despite their capability and visibility.
· In the Philippines, Wagayen (2024) uncovered in an upland agroforestry study that women play crucial roles in production and conservation but lack adequate leadership in decision-making processes. However, the Asian Disaster Preparedness Center (2023) found that in Bangladesh, well-intentioned gender policies often fail to meet their goals due to improper execution and insufficient grassroots participation.
· Overall, the studies collectively determine that promoting gender equality transcends awareness or activism. It obliges linking education, technology, and governance to empower women's agency, enhance local leadership, and maintain inclusive institutions.
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