Design thinking and co-creation: engaging smallholder farmers in technological solutions development for sustainable agriculture
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Introduction
Agrifood systems have been constantly demanded to fulfill the needs of a growing population, and the agricultural industry has made significant contributions to address these needs. However, the demand for food, fiber, and fuel will continue to increase. Contradictory, at least one-third of the world's food production is lost or wasted along the food system with substantial economic, social, and environmental costs (FAO, 2018). 
Innovations in agriculture have the potential to increase productivity, optimize quality and minimize the environmental impact of agricultural operations while minimizing risk for workers and consumers. Despite these benefits, there is limited adoption of agricultural innovations among smallholder farmers in developing countries, particularly in Latin America, thus limiting the possibility of the sector to respond to the existing challenges of the agrifood systems in the world. Among the contributing factors for the low adoption rates in developing countries are (1) limited technical knowledge on the part of the producers, (2) designs not adapted for small-scale agriculture, (3) high implementation costs, and (4) lack of after-sales service, among others (Rodriguez et al., 2018; Takahashi et al., 2019).
These challenges cannot be addressed by a single discipline and thus demands the interaction of multiple disciplines and a variety of stakeholders to navigate the complexity of the challenges, reframe the problems and creatively propose lasting solutions. Multiple points of view can give this holistic approach a higher probability of success.  This includes incorporating the social stakeholder, which in the case of the agrifood systems in developing countries means farmers who face these challenges daily (Hains & Hains, 2020; Rogers, 2003).
Methodology 
Design thinking as a methodology aims to collectively garner participants' creativity and has been widely used in multiple industries to encourage innovation. This approach seeks to identify innovative solutions centered on people, adding a human lens to address their challenges. Therefore, incorporating design thinking elements into agricultural processes to solve challenges and farmers will encourage innovation and a higher interest in adopting agricultural technological innovations. In this case, using both frameworks, VISUALITI (a technology development company), together with the Panamerican Agricultural School Zamorano and the Alliance Biodiversity International - CIAT, carried out the five stages that characterize a Human-Centered Design utilizing the co-creation methodology to meet the needs of people (small-scale farmers) in a way that is technologically feasible and commercially viable, a robust, low-cost, high-usability soil moisture sensor (Schmidt & Rammer, 2007).
The purpose of this innovate idea included designing a technique that fosters co-creation and dissemination of agricultural technological innovations, promoting inclusiveness by incorporating smallholder farmers into the ideation process, thus encouraging solutions to the agrifood system challenges that are sustainable, equitable, and resilient. Therefore, three workshop were conducted with smallholder farmers in Honduras, Colombia and Nicaragua. Farmers were previously identified as leaders in their communities by partner extension organizations as part of the ideation process. In all workshops, participants were asked to imagine a solution to identify or alert them of low moisture in their soils. Participants were given time to imagine and illustrate their ideas. Afterwards, each participant shared their visualization. 
Results to Date
The development of a soil moisture sensor was informed by the direct input from farmers in Honduras, Colombia and Nicaragua. Through transdisciplinary team efforts, a robust, low-cost and highly usable device was designed and field-tested demonstrating its efficacy in measuring soil moisture, particularly in semi-arid areas. 
During the developmental phase, the research team recognized the challenges faced by farmers to understand soil moisture. This realization prompted to a significant shift in the technology’s intended purpose, leading to the identification of extension agents as potential users. Extension agents are uniquely positioned to assist farmers and bridge the gap between agricultural technology advances and sustainable farming practices (Sulaiman & Misnan, 2022). The integration of a soil sensor that is robust, low-cost and highly usable by extension agents has the potentially to enhance their support for farmers, facilitating the way they can translate complex scientific insights about soil moisture into practical and actionable guidance. 
This new approach also underscores the importance of the human-centered design in agricultural technology development and extension. A transdisciplinary approach that prioritizes smallholder farmers and actively engage them in the developmental process, ensures that tools are aligned with the realities of smallholder farming.  Ultimately, this approach can boost agricultural extension efforts to incorporate innovate practices that promote the sustainability of the smallholder farmers available resources, while concurrently enhancing the educational outreach efforts in formal and non-formal settings (Scott et al., 2018). 
Future plans
As part of a larger research project, the device was finalized and prototype was developed within an open-access platform to allow individuals or agencies interested to adopt, to easily adapt to their needs. All resources are available at: https://www.fontagro.org/new/proyectos/digitalization-small-scale/es  
Resources needed
	The implementation of the co-creation technique requires that facilitators identify suitable participants that can provide their insight in the developmental stage. This entails ensuring that individuals must be familiar with the process or activity under consideration, in this case, farming in semi-arid remote areas with no irrigation system available. After this preliminary step, the activity can be conducted in a timeframe of 45 minutes. Participants are allowed to use visual aids, such as words, drawings, or artifacts to facilitate the creation of their visualization. The facilitator must identify what recourses are more likely to be needed based on the characteristic of the target population. In this activity, the facilitators utilized various materials, including papers, colors, markers and sissors.  
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