

  agriculture-14-01808




agriculture-14-01808







Agriculture 2024, 14(10), 1808; doi:10.3390/agriculture14101808




Article



White Paper on User Centred Design to Address Challenges in the Design and Creation of Agricultural Data Visualisation Interfaces



Paula Gonzalez *, Izar Azpiroz, Mikel Zabala, Giovanni Paolini and Mikel Maiza





Vicomtech Foundation Basque Research and Technology Alliance (BRTA), 20000 Donostia, Spain









*



Correspondence: pgonzalez@vicomtech.org







Citation: Gonzalez, P.; Azpiroz, I.; Zabala, M.; Paolini, G.; Maiza, M. White Paper on User Centred Design to Address Challenges in the Design and Creation of Agricultural Data Visualisation Interfaces. Agriculture 2024, 14, 1808. https://doi.org/10.3390/agriculture14101808



Academic Editors: Muhammad Sultan, Yuguang Zhou, Redmond R. Shamshiri and Muhammad Imran



Received: 20 September 2024 / Revised: 8 October 2024 / Accepted: 9 October 2024 / Published: 14 October 2024



Abstract

:

The increase in agricultural data has created a need for developing tools that can manage, share, and visualise this information, while also being accessible to farmers. The use of different technical languages, varying needs, and differing objectives for the tools being developed and used creates a gap between technology developers and farmers, leading to inefficient information transfer. Consequently, interfaces are often poorly adapted to the real needs of end-users and lack essential functionality. This white paper aims to propose a User-Centred Design methodology in order to address the challenges encountered in creating interfaces for shared agricultural Data Space Ecosystems. The proposed methodology, an adaptation of ISO 9241:210-2019, highlights the importance of user participation at various stages of the interface design cycle for the creation of user-adaptive technologies.
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1. Introduction


Historically, farming has played a fundamental role in our society and has gradually moved on to what we know today as Precision Agriculture (PA) [1]. PA uses advanced technologies like sensors and IoT to monitor farms and improve resource efficiency, productivity, and sustainability [2]. This approach generates vast amounts of data from sources such as ground sensors [3], field sampling [4], and remote sensing [5,6]. However, managing these data are challenging due to its fragmentation and diverse storage formats, complicating comprehensive analysis and integration [7]. Furthermore, issues such as data standardization, interoperability, privacy, and security further complicate the digitalisation of agriculture [8,9]. Addressing these concerns is vital for effective data management and decision-making in modern agriculture.



In addition to optimizing resource efficiency and sustainability, PA also aims to enhance operational efficiency while minimizing socio-economic and environmental impacts [10]. The integration of IoT plays a crucial role in generating diverse and vast amounts of data that must be efficiently stored, managed, and analysed [11]. Nonetheless, the complexity of handling these datasets increases due to the involvement of multiple stakeholders, which exacerbates issues such as data fragmentation, standardization, and interoperability [12].



In this context, Data Space Ecosystems (DSE) address the challenges associated with the digitalisation of agricultural data [13]. By providing a unified framework for data integration and management, DSE can mitigate problems such as those mentioned above. Through common data standards and protocols, DSE promotes data standardisation and facilitates data sharing by reducing data fragmentation. In addition, DSE improves data accuracy by consolidating disparate data sources into a coherent system, allowing for more reliable analysis and insights. Privacy and security concerns are also addressed in a DSE framework, which can implement robust data protection measures and access controls. By centralising and standardising data while promoting collaboration between stakeholders, DSE significantly improves the efficiency and effectiveness of digital agricultural solutions [14]. Ultimately, DSEs play a crucial role in transforming PA, allowing secure data access and exchange, facilitating informed decision-making, and promoting sustainable practices [15].



While DSE would facilitate access to large datasets and analytical tools, empowering farmers to optimise their actions, boost productivity and mitigate risks, a significant challenge remains: many of the current technical tools and dashboards for data management are difficult for end-users, particularly farmers, to use effectively. The distinct characteristics of agricultural data, such as formats, frequency, and application fields, create a variety of visualisation possibilities. To ensure these tools meet the needs and digital capabilities of end-users, it is essential to involve them in the dashboard design process.



In this regard, User-Centred Design (UCD) methods can propose a tailored solution, through the active involvement of users in both design and evaluation phases [16]. By focusing on UCD, technological solutions can be better aligned with the needs of primary users in the agricultural sector. Several studies highlight the importance of well-designed graphical interfaces that apply the UCD methodology to develop tools adapted to end-users’ needs and capabilities [17,18]. As agricultural digitization increasingly involves the creation of data visualisations tools, ensuring that these tools align with the digital capabilities of agricultural data consumers becomes critical. This requires robust strategies during the design process to ensure data is managed and transformed into valuable insights for appropriate use [19].



User participation at different stages of the design cycle can be facilitated using techniques such as interviews, questionnaires, role-playing, and simulations, as well as usability testing [20]. As UCD methods are generally considered to improve product usefulness and usability, their consideration in the design of agricultural data visualisation tools is supposed to boost the creation of intuitive data visualisations tailored to the needs of farmers. This methodology ensures continuous interaction between technical developers and end-users throughout the development process.



The need for effectively adapted interfaces in the agriculture sector resonates in recent European research efforts to make these technologies accessible to end-users. Among these initiatives, several European H2020 projects have emerged, such as LIFT [21], DEMETER [22], and DIVINE [23], which aim to merge the efforts between farmers and domain experts in the agriculture sector to create technologies and AI-based methods that harness the power of a data economy in agriculture, designed to offer beneficial tools for the agricultural industry. Furthermore, they seek to provide solutions to a series of problems that arise in this sector. In particular, the DIVINE project aims to create a DSE where users with different profiles can store, access, and consult their private, public, and shared data.



A key challenge in this context is data fragmentation, typically resulting from the diverse data models and semantics used in the industry. This issue was addressed in the aforementioned H2020 DEMETER project through the creation of the Agricultural Information Model (AIM). AIM aligns with existing standards to enable data integration and interoperability across distinct agricultural frameworks [24]. Similarly, within the DIVINE project, the process of generating data catalogues and services also provides a solution to the problem of data fragmentation while highlighting the diversity of commercial platforms and prototypes under development. This diversity presented both a challenge and an opportunities for improving the integration and unification of various visualisation tools, ultimately enhancing users’ access to and interpretation of agricultural data.



However, while these visualisation tools hold great potential in terms of robustness and scalability, many existing dashboards for data management and visualisation present opportunities for improvement in effectively conveying the distinct characteristics of the information or data they represent, providing a chance to enhance clarity and user experience. The fundamental challenge of a dashboard design is to display data clearly without distractions and in a way that can be examined and understood quickly. Although ecosystems of shared spaces offer great potential for farm analysis and management, they often fail to be functional for end-users, as farmers struggle with interpreting and handling the complex data [25].



For a proper design of the dashboards and visualisations in the DSE, it is essential to let the target audience and the data guide the design. To ensure the creation of long-life products and avoid developing interfaces that are difficult to understand, it is important to define and the main characteristics of the end-user of the application’s end-user and their goals.



This white paper proposes a UCD methodology adapted from ISO 9241:210-2019 [26] in order to address the difficulties encountered during the process of creating interfaces that will be the basis for the creation of agricultural data visualisation within a shared data ecosystem. More specifically, this study analyses the implementation trial of UCD methodology to fill the gaps in today’s agricultural data visualisation interfaces, detailing the developed surveys and indicating the identified minimal requirements.



This white paper is divided into several sections. Section 2 explains the process to overcome the problems detected in the creation of interfaces for the management and visualisation of agricultural data. Each of the described steps follows the criteria of the ISO standard. This procedure includes: (1) meetings with pilot representatives, (2) identifying useful features and visualisation needs, (3) creating mockups, and (4) a survey for feedback. Each step follows ISO standard criteria. Section 3 presents the findings for each step. Section 4 reviews these findings and the challenges faced. The paper ends with Section 5, summarising key points and suggesting future directions.




2. Methodology Proposition


The methodology proposed in this paper is based on the international standard ISO 9241:210 which provides the guidelines for UCD for interactive systems. This document describes the requirements and the steps for a user experience-centred interactive system design summarised in Table 1 and Figure 1. It emphasizes involving users throughout the process of system development, in order to prioritize their preferences and needs in the design. Although the methodology defined in this standard includes several steps to create a prototype and evaluate it according to user requirements, this work only presents the implementation trial developed until Step 3, which covers the procedure up to mockup creation and the identification of user-system useful functionalities. Table 1 and Figure 1 defines the goal of each of those steps, the expected outcome, and the activities developed during this study in order to address the challenges encountered in creating an interface for the visualisation and management of agricultural data.



It has to be mentioned that this paper aims to propose a procedure in response to the communication challenges that emerged during the design and creation of a prototype intended to give access and visualisation of distinct agriculture data services within the DIVINE project [23]. This project is developing an Agricultural DSE [27], in order to facilitate secure interconnection of existing agri-data spaces. The functionalities that enable this exchange are discovery, registration, management of federated agri-data spaces, and visualisation of available data catalogues among others. The creation of the visualisation service for distinct data and services highlighted challenges that emerged during the convergence of user interface specifications motivated the present analysis in a white paper format on the importance of end-user collaboration and their representation in determining the useful functionalities of the system or prototype that is under development.



The process of following the Steps 1–3 proposed by the methodology in Table 1 and Figure 1 has been motivated by many obstacles commonly encountered in the digitisation of agriculture. Table 2 summarises the most challenging difficulties in creating agricultural technology systems that involves end-users with distinct data sources, data exploitation goals, and technology use capabilities.



This white paper summarises the barriers encountered during the process of creating a data exploration and exploitation interface for diverse agricultural profiles, as these difficulties are common or recurring in the agriculture sector, as highlighted in Table 2. Additionally, it outlines the procedure followed to address these identified barriers, which is based on a user-centred methodology. In conclusion, this white paper aims to contribute a procedure adapted from ISO 9241:210, as detailed in Table 1 and Figure 1 in order to address the emerged challenges.



This work is part of the aforementioned European DIVINE program [23]. The main goal of this project is to create an ecosystem for sharing agricultural data between the public and private sectors, improving data interoperability, transparency, and trust. It will assess the benefits of data sharing, establish governance models, and involve stakeholders in co-creating solutions. In order to securely manage the farmers’ personal or sensitive data, the data privacy and security of the agri-food application platform is handled by the CredSSI [28], a tool that implements a Self-Sovereign Identity model for Identity Management. The project also focuses on developing new business models and demonstrating their impact through pilot testing. Several meetings were held with representatives from four different pilot projects, which are key participants in the DIVINE program. These pilots contribute by providing real-world data and scenarios, helping to shape and validate the ecosystem. A brief description of the pilots is provided below, with further details available in Table A1 of Appendix A.





 





Table 2. Challenges in the development of agricultural technology systems.
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	Challenges
	Description
	Refs.





	Language
	Technicians developing the technology and end-users (farmers) have different technical languages. This communication gap complicates understanding and collaboration. Developers often lack experience in agricultural technology, making it difficult to design appropriate functionalities and represent data optimally. Conversely, farmers struggle to communicate their needs due to limited knowledge in technology development.
	[29,30]



	Needs
	Farmers and livestock farmers have diverse needs, making it difficult to create visualizations of common data spaces. Additionally, users’ familiarity with technology varies: frequent users prioritize usability, while infrequent users emphasize ease of learning.
	[31]



	Objectives/Goals
	Developers and end-users often have different objectives in building the technology, leading to a lack of common understanding. The task and its goals should serve as a proper reference for the design.
	[32]



	Existence of Other Tools
	Many users already use other platforms for data sharing and visualization, leading to low interest in new tools. Farmers often use smartphones for decision-making, with 95% using smartphones and 71% using specific apps for crop information and pest or disease detection.
	[33]



	Building trust in data sharing
	The trust between data providers and consumers is the cornerstone of an efficient data sharing system. The data sharing platform will not be used if the participants who provide and consume the data do not confide in the system or one another.
	[34]



	Technology Familiarisation
	Farmers’ familiarity with technology varies widely. Traditionally, they have kept manual records for personal use. The agricultural transformation has resulted in data overload, making it hard for many farmers to manage data in the traditional way.
	[35]








	
R1: Slovenian non-profit Business Support Organization. Proves a discussion about Pilot Data Space for sustainable food production platforms. This pilot aims to foster cross-sectoral innovation and implementation of novel technologies and Information and Communication Technology (ICT) in rural-based sectors.



	
R2: Irish research-intensive global university that helps in the discussion of the Pilot Crop yield prediction model platforms.



	
R3: Greek technology company specializing in ICT that focuses on developing and implementing innovative solutions for the agriculture and data sectors, was focused on the Pilot Smart Farming data management in the service of the new Common Agricultural Policy (CAP) monitoring platforms.



	
R4: Spanish farmer who discusses the potential effects of agricultural data sharing on traditional olive and almond plantations.






2.1. Understand and Specify the Context of Use


In order to understand and specify the context of the use of the interfaces to be developed, individual and group meetings were conducted with pilot representatives. From these meetings, information was primarily extracted regarding the context of use, the data to be managed, and the needs and main characteristics of the IoT and data management platforms used by the end-users. These insights, referring to the pilots (R1, R2, R3, and R4 as defined in Table A1), were collected indirectly through their representatives.



The central goal of these meetings was to evaluate the platforms and the different features and tools that pilots use for the management and the visualisation of the different data. The principal aim was to identify, in terms of data visualisation, the strengths for these users and the most valuable functionalities among those platforms. During the discussions, pilot representatives shared their perspectives on the most favourable characteristics of the platforms they used. They also indicated their preferences and suggestions regarding the utilities and types of visualisations. In summary, the main objective is to examine real situations where users interact with existing products and to facilitate early integration through open communication and information transfer. Early integration in collaboration with end-users is a cornerstone for prioritizing the functionality of the final prototype, as highlighted in [36].




2.2. Specify the User Requirements


The objective of this section is to establish a bilateral communication between technical interface developers and end-users. The lack of a common vocabulary among these profiles, coupled with the end-users’ limited technical knowledge about the available tools, has resulted in ineffective communication during the identification of useful functionalities in the data visualisation platforms within this project. In order to address this communication gap, we have proceed with two phases as indicated in the next paragraphs. First, a list of common functionalities detected in the pilot data management platforms was created, and straightaway, several mock-ups have been illustrated based on these common functionalities. The main goal is to ask the end-users their opinion about those mock-ups to infer the most important functionalities in the data management interfaces through a survey or questionnaire.



In what follows, we describe the effort dedicated to identifying user needs and specifying their requirements. Based on these identified functionalities, a series of interface mockups were created.



2.2.1. Extract Common Useful Functionalities or Visualisation Requirements


With the intention of describing the users’ needs, the information shared in the meetings was analysed to deduce common and individual characteristics. These features have been grouped into a generalized list of functionalities, and a table has been created to detail the prioritization of these functionalities among the pilots.



These requirements have been illustrated in distinct mockups created to collect feedback from end-users through a questionnaire. The purpose of the questionnaire is to determine the final functionalities needed to define a design solution that meets global user requirements. The questions are specifically focused on preferences related to agricultural data visualisation and will be used for future prototype development.




2.2.2. Mockup of Visualisations


The extracted common functionalities have been depicted in various configurations, resulting in multiple mockups. These mockups serve as the foundation for an intuitive way to interact with end-users, aligning with UCD principles in prototypes and intermediate stages. This iterative design process helps achieve user-adapted visualisations that are both functional and suitable for end-users. The mockups were designed and created using the free and open-source vector graphics editor Inkscape [37].



Another benefit of the development of mockups as indicated by [36] is that it allows end-users to understand the technological capabilities of the developers, the potential uses and representations of data, and the possible technologies that can be implemented.





2.3. Produce Design Solutions to Meet the Requirements


Following the UCD strategy defined in Table 1 and Figure 1, the measurable output of Step 3 is the specification of user interface, before starting the corresponding implementation. To this end, as indicated in Table 1 and Figure 1, it is necessary to specify the user–system interactions. This is the main goal of the present subsection, which establishes a survey based on the mockups, and evaluation metrics to converge towards these interaction specifications.



Survey


For the purpose of obtaining feedback on the created mockups, a survey has been conducted which is detailed in Appendix B. The population capable of providing valuable insights, based on their professional experience with agricultural data management and development platforms, is divided into distinct profiles and target groups, as detailed in Table 3. It should be noted that the target group TgA-B, consisting of farmers and advisors, represents the end-user profile.



Survey data were collected using Google Forms and subsequently stored and analysed using Python (version 2.7.5). The questionnaire includes a series of questions related to the functionalities and aesthetic characteristics of the various sections represented in the mockups. The nine questions that constitute the entire survey are presented in two different formats. One format corresponds to a multiple-choice option where respondents rate each of the questions, choosing between Avoid, Indifferent, or Important. The other format aims to gather respondents’ opinions on a specific topic by demanding short text responses. The evaluation of these two formats has been developed in distinct manners.



On the one hand, the group of multiple-choice questions was examined statistically, mainly to determine whether there are significant differences between the groups analysed. For this purpose, the selected evaluation metrics are the Chi-square (  χ 2  ) and p-Value statistics. On the other hand, for the group of free-response questions, a qualitative analysis was carried out based on the answers obtained.






3. Results


This section summarises the interactions, suggestions, and results that emerged during the process of creating an agricultural data exploration interface as part of the DSE. The structure of this section aligns with the framework presented in the Methodology proposition Section 2, which is based on the different stages outlined in Table 1.



3.1. Understand and Specify the Context of Use


Interviews conducted with various pilot representatives revealed that each pilot utilizes different tools for data visualisation and management. The main characteristics of these commercial or private platform or data exploitation tools are presented below.



R1: platform mainly focused on benchmarking. Farmers share their data in Excel format. This information is represented in different ways, benchmarking is performed, and the advisors extract information from this data. The platform consists of several services, including login, a main menu, production data, tables with farm information, benchmarking, and a service for advisory team recommendations.



R2: commercial platform that allows for the visualisation of data corresponding to the different crop fields. Users can visualise data through maps, tables, and graphs. As in the case of R1, this platform consists of several pages on which the different types of visualisations are distributed. In addition to the commercial tool for data visualisation, a decision tree is also being developed for optimal and automatic crop management.



R3: commercial and a private platform for the management of agricultural crops. The commercial platform, as in the other pilots, consists of different pages on which crop information is displayed through maps and tables, along with access to weather forecasts.



R4: two commercial platforms for the management of their crop data and data from the environmental sensors they have installed on their terrain. These platforms, like others, consist of multiple pages for different data visualisations.



It is important to note that, due to the technical experience of pilot representatives with existing agriculture data exploration platforms, their input may not fully reflect the actual needs of end-users, as their experiences may not represent farmers’ technological abilities. In User-Centred Design, direct user interaction is crucial to obtain authentic and realistic feedback through direct engagement with farmers.




3.2. Specify the User Requirements


These sections aim to specify the basic user-system interactions. For this purpose, the essential user functionalities for agricultural data management platforms are identified and summarised in Table 4. Distinct configurations of those functionalities listed in Table 4 are depicted in various mockups, as described in Figure 2.



3.2.1. Extract Common Useful Functionalities or Visualisation Requirements


The common functionalities identified for the services and visualisations of the agricultural data management platforms are presented in Table 4. While multiple functionalities were identified during these meetings, only five were considered the most essential.



Table 4 summarises the functionalities deemed crucial based on an analysis of distinct private and commercial platforms.




3.2.2. Mockup of Visualisations


Based on meetings discussions, four different mockups were generated to represent the various sections of the Agricultural DSE prototype intended for development in the DIVINE project [23]. The final version of the mockups, incorporating suggestions from pilot representatives, is shown in Figure 2. Below is a detailed description of each:




	-

	
Mockup represented in Figure 2a illustrates the data search engine interface for available data in the agricultural DSE. It features a map highlighting countries with accessible datasets. Users can first select a country, and then they can narrow down the search by choosing a specific location within that country. Finally, the data can be filtered by type for further refinement.




	-

	
Figure 2b shows an alternative approach to searching for data in the database. In this case, users can filter data by specific characteristics. Filters include data type, associated agricultural activity, country, and date range. Once the filtering is complete, datasets meeting the selected criteria are displayed.




	-

	
Mockup visualised in Figure 2c focuses on data visualisation. A map is displayed, where data is represented using colour coding. In this mockup, crop fields with available data are highlighted. Users can select a field to view its intrinsic data, such as size, location, and other static attributes. Additionally, users can choose specific indices to analyse relevant characteristics for farm management. Multiple locations can also be selected for comparative analysis between different areas.




	-

	
Figure 2d, similar to the mockup detailed in Figure 2c, emphasizes comparative data visualisation. However, in this case, users can view not only their own data but also data acquired through the data space. A feature to monitor data requests and notifications has also been added, along with a direct access button to the agricultural DSE.











3.3. Produce Design Solutions to Meet the Requirements


To develop a prototype that includes agricultural data visualisation functionalities best suited to the needs and capabilities of end-users, this section describes the survey conducted as part of the project.



3.3.1. Survey


In order to obtain feedback on the created mockups, a survey detailed in Appendix B was developed. It asked a series of questions related to the functionalities and aesthetics of the different services represented in the mockups. The survey was conducted during the General Assembly of the DIVINE project [23], held from 20 to 22 April 2024, in Rome.



A total of 12 participants completed the survey. Given the diversity of professional profiles among the respondents, they were asked at the beginning of the survey to identify their professional profile and the entity they represented. The profile categories included Researcher, Farmer, Livestock Keeper, Advisor, and Paying Agency. However, only three profiles were represented in the final responses: one response from a Farmer, one from an Advisor, and ten from Researchers (as shown in Figure 3). It should be pointed out that this unbalance of samples between different profiles that have participated in the survey can significantly affect the results derived from the analysis of the survey.



For completeness purposes, the survey results were examined in three ways: first, by considering all participants collectively (Part a of this subsection); second, by exploring variations in results based on the respondents’ profiles (Researcher, Farmer, or Advisor) (Part b of this subsection); and finally, by analysing the influence of the target groups defined in Table 3, which are highlighted in yellow (part c of this subsection).



It is important to note that the multiple-choice questions Q1, Q2, Q3, and Q6 were analysed statistically, while the open-ended questions were used to complement the discussion.



Descriptive Analysis without Categorisation


The responses to each question were analysed visually to understand the overall prioritisations of the sample. For this purpose, responses were not categorised by respondents’ profiles or target groups. The results obtained for each of the questions are shown below in Figure 4, Figure 5, Figure 6 and Figure 7.



As can be observed in Figure 4, most respondents consider the ability to visualise both their own data and external data as an important feature. In both cases, fewer than 17% of respondents consider this feature Indifferent, and none of them expressed opposition to it.



Figure 5 illustrates that key features such as the availability of a decision-making system (Q2-8), the visualisation and description of data from tables and maps (Q2-2), and the possibility of identifying parcels (Q2-1) were rated as essential tools and services by respondents. In contrast, the possibility to apply specific formulas (Q2-7) and the possibility to consult the status of pending agricultural DSE applications (Q2-9) were rated as unimportant by respondents.



The bar graph depicted in Figure 6 illustrates the importance of different mockup table features (e.g., colours, highlighting relevant information, and the ability to display multiple plots) based on user feedback. Across all three features, approximately 72% of respondents rated them as Important, while 28% considered them Indifferent. Notably, no respondents suggested avoiding any of these features.



Similarly, Figure 7 highlights user feedback on various chart features, showing that around 77.8% of respondents viewed various chart features (colours, highlighting relevant information, and the ability to display more than one plot) as Important, while 22.2% rated them as Indifferent. Again, no respondents indicated that any feature should be avoided.




Evaluation Results Based on Profiles: Researchers, Farmers, and Advisors


This section focuses on analyses where statistically significant differences were found, which are summarised in Table 5 below. Analyses without significant results are included in Appendix C.1.1.



As shown in Table 5, a statistically significant difference was identified between the professional profiles regarding how relevant they considered the ability to visualise their own data.



Analysis of the responses to this specific question, as shown in Figure 8, reveals that researchers and farmers rated the functionality to visualise their own data as crucial, whereas advisors regard it as less significant.




Evaluation Results Based on the Target Groups: TgA-B and TgE


The survey responses were also analysed based on the target groups defined in the Grant Agreement of the DIVINE project. In this official document several profiles are defined as specified in Table 3 in Methodology proposition Section 2. Of all the defined target groups, only Farmers and Advisors (TgA and TgB) and Researchers (TgE) participated in the survey.



Statistical tests, including   χ 2   and p-Values, were applied to the target groups. However, no statistically significant differences were found. All results are reported in Appendix C.1.2.







4. Discussion


In this section, we analyse the benefits and limitations of the UCD methodology proposition, adapted from ISO 9241:210. The challenges encountered in creating interfaces for shared agricultural DSE (e.g., communication issues between developers and farmers) motivated this white paper to propose that UCD could enhance data interoperability and decision-making in smart farming through effective interface design.



In this sense, it is important to note that, due to a lack of technical vocabulary in programming and interface design on behalf of the users, they were unable to clearly identify the functionalities they considered necessary for designing or developing an interface for exploring data and service catalogues, as well as for data visualisation, both of which are essential in an agricultural data space. Moreover, the unbalance in survey sample sizes between different profiles can significantly affect the outcomes derived from the analysis. However, it is crucial to note that the principal aim of this white paper is not to draw statistically significant results, but rather to expose the difficulties encountered and propose the follow-up of the UCD methodology as a possible solution.



In this context, individual consultations with pilot representatives facilitated the extraction of functionalities and visualisation tools commonly used in digitisation platforms within the agricultural domain, ensuring better alignment with end-user needs. This approach offers a more realistic perspective on what end-users consider essential beyond just aesthetics and preferences preferences. Interface usability concerns, such as ease of interaction and data accessibility restrictions, should be analysed from the end-user’s point of view to ensure the real-world applicability. Expanding the survey to assess ease of use, satisfaction with navigation, and the ability to perform specific agricultural tasks would provide a fuller picture.



Among the six most significant functionalities, the ability to represent data in both table and temporal graph formats, as well as to incorporate information derived from specific formulas or indices (functionalities labelled B and E in Table 4), is present across all platforms used for managing data. Notably, as shown in Figure 5, which illustrates the priority given by respondents to various data visualisation tools and services, 75% consider the ability to describe data using tables and maps as important (Q2-2 in Figure 5). This group includes the entire TgA-B target group, comprising farmers and advisors, who are regular end-users of DSE platforms.



Likewise, as shown in Figure 5, a majority of respondents (66.7%) consider the ability to identify the plot to which the data belongs, along with the availability of an aggregation service (functionalities A and C in Table 4) as Important. Both of which are present in 75% of the pilots’ current crop production management and data monitoring platforms. Similar to functionalities B and E, these two were rated as Important by all members of the TgA-B target group.



Regarding the functionality to connect and visualise private and public weather station data (functionality D in Table 4), 58.4% of respondents indicated that it is an important for them (Q2-6 in Figure 5). However, the target group of end-users (TgA-B) is split between considering it Important and Indifferent.



For the decision support system (functionality F in Table 4), only half of the platforms currently used by farmers include this tool. However, it is worth noting, that 83.4% of respondents consider this functionality Important for an agricultural DSE (Q2-8 in Figure 5).



Continuing with the analysis of the questionnaire responses, Figure 4 shows that more than 83% of respondents consider the ability to visualise their own and other users’ agricultural data as Important. Additionally, Table 5 indicates that the respondent’s profile influences how important they found the ability to visualise their own data in the DSE, with each profile assigning different levels of relevance (see Figure 8).



The majority of respondents rated the use of colour in tables and charts, the option to highlight relevant information, and the ability to view multiple charts or tables simultaneously as Important (see Figure 6 and Figure 7). However, no statistically significant results were found when analysing the responses to questions Q3 and Q6 in relation to profiles and target groups (see Table A2 and Table A3 of Appendix C.1). In other words, belonging to a specific profile or target group does not appear to influence the importance assigned to these features.



Moreover, while respondents generally appreciated the clarity with which the data is presented in the tables, many expressed a desire for enhanced filtering capabilities. Incorporating a functionality that allows users to select and display only the desired columns or rows would enhance usability. Additionally, it was noted that the interface design appears outdated and suggested that a modern layout with neutral backgrounds and a streamlined structure would enhance the user experience.



Furthermore, respondents highlighted that the information was presented in a simple, clear, and intuitive way. Nevertheless, they point out that having the option to enlarge each of the tables to full screen and to be able to visualise the axes and headings more clearly is something that could facilitate the interpretation of data depicted on the display. Additionally, based on feedback from the free-response questions, several areas for improvement in the user experience were identified, such as the need for a responsive platform adaptable to various devices, which would significantly enhance accessibility and usability.




5. Conclusions and Future Work


This white paper aims to highlight the challenges encountered in creating interfaces for shared agricultural DSE. The main objective was to identify the essential functionalities and tools that end-users consider crucial in a shared data space in order to create a interface prototype to give access to the considered distinct services. This was accomplished by applying the ISO 9241:210-2019 methodology, to subsequently develop prototypes of functional interfaces adapted to end-users’ needs. One of the main conclusions of this study is that the methodology adapted from the mentioned ISO standard provides a guidance towards the understanding between developers and end-users. This procedure enables technique designers to gain a clear understanding of specific requirements for data visualisations and interfaces from an early stage. This clarity facilitates the development of prototypes that better meet end-user expectations, thereby accelerating the creation of a successful final product.



In this study, carried out within the DIVINE project, which aims to generate interfaces for exploring data catalogues, services, and their corresponding extensions, we observed that adhering to this standard facilitates the iterative design process. In other words, it allows for greater fluidity in situations of misunderstandings between stakeholders.



However, we also concluded that the end-user group involved in the iterative design significantly influences the entire process. For the final prototype to be effective, it is essential that the final prototype must be tailored to the capabilities and needs of the end-users. In this specific case, the fact that the individual meetings have been conducted by farmers’ representatives complicates the transfer of end-user preferences, opinions, and needs.



A significant challenge in this process is the inadequate sample size of respondents. This limitation affects the quality of the data, as a small sample and unbalanced distribution among different groups (profiles and target groups) may skew the results. To achieve statistically valid outcomes in future surveys, it is recommended to secure a larger, more diverse sample with balanced representation across all participant profiles. In short, balanced samples for each group and profile relevant to the use case are necessary.



Once the meetings have taken place, it is evident that a second round of discussions, including feedback from users (particularly farmers), would be beneficial to extract further insights. Even a common meeting in which the different profiles (farmers, researchers, and advisors) could talk about different aspects related to the visualisation of agricultural data could be advantageous.



To further refine the extracted functionalities, or if necessary, adjust or combine them, we consider that organising a collective meeting where users from various profiles can discuss aspects related to the visualisation. This approach could enhance the process and lead to more comprehensive results. Even with a small number of respondents, this would allow for more targeted and specific discussions around the survey questions. A more active participation from respondents could provide valuable insights. Therefore, conducting a second round of discussions with the users to review their feedback would be beneficial for identifying additional features and opinions.



It is important to effectively implement the UCD methodology, which requires constant interaction between users and the technical experts developing the technology. This collaboration is essential for ensuring the success of the tools being developed. A lack of communication can lead to misunderstanding about the true purpose of the design, particularly because the stakeholders involved in developing data management and visualisation platforms often have different backgrounds, objectives, and perceptions of the technologies. In short, failure to adequately follow a UCD methodology results in the creation of non-functional tools for end-users, thus leading to their failure. Adopting a UCD methodology tailored to the agricultural sector’s specific needs, along with continuous feedback from end-users, is a challenging but beneficial procedure. This type of methodology opens a communication channel between the stakeholders involved in the development and the users. In our case, the iterative feedback from farmers, researchers, and advisors has proven essential to developing a more realistic product adapted to the needs of the users.



In future work, in order to complement the entire process defined by the ISO 9241:210 standard, we will iterate integrating the end-user feedback in order to create a prototype that manages the distinct services considered in the DSE developed during the DIVINE project. To this end, the most relevant functionalities and features of data visualisations detected during this process will be configured and integrated in flexible prototypes. Indeed, these prototypes will be created and evaluated by the end-users, in order to create final data management and visualisation tools are best suited for a agricultural data ecosystem.
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Table A1. Description of target sector and use cases associated with pilots involved in the DIVINE H2020 European project.
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	Id
	Pilot
	Target Sector
	Use Case





	R1
	Data Space for sustainable food production
	Farming, livestock
	Livestock benchmarking platform for (a) optimizing milk production and pork production advisory service and (b) monitoring of carbon footprint on these farms.



	R2
	Crop yield prediction model
	Crop production, digital agriculture, crop management
	This pilot will look at what critical data sources can be accessed and are available both from private and public data sources and if these are combined with respect to the management of a crop production strategy what additional power of decision-making can the integrated data stream bring to the supply chain.



	R3
	Smart Farming data in the service of the new CAP monitoring
	Cross-sectoral including arable and fruits, with cotton, olives, grapes, and peaches as crops.
	Farm Management Information Systems (FMIS) utilised by farmers integrated with data spaces acting as a significant source of information and able to provide ground truth evidence in support of new CAP monitoring indicators.



	R4
	Potential effects of agricultural data sharing on traditional Olive and Almond Plantations
	Organic olive and almond sectors
	Agricultural data sharing.
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Appendix C.1.1. Based on the Profiles




 





Table A2. Correlations between the different ’profiles’ and the answers for Q2, Q3, and Q6 questions.
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Question

	
Subquestion

	
Statistics

	
Result




	
   χ 2   

	
p -Value






	
Q2

	
1

	
1.200

	
0.548

	
Not Significant




	

	
2

	
0.799

	
0.670

	
Not Significant




	

	
3

	
1.200

	
0.878

	
Not Significant




	

	
4

	
2.400

	
0.662

	
Not Significant




	

	
5

	
1.714

	
0.788

	
Not Significant




	

	
6

	
2.785

	
0.594

	
Not Significant




	

	
7

	
3.885

	
0.421

	
Not Significant




	

	
8

	
5.520

	
0.063

	
Not Significant




	

	
9

	
1.200

	
0.878

	
Not Significant




	
Q3

	
1

	
1.714

	
0.424

	
Not Significant




	

	
2

	
0.480

	
0.786

	
Not Significant




	

	
3

	
0.799

	
0.670

	
Not Significant




	
Q6

	
1

	
0.480

	
0.786

	
Not Significant




	

	
2

	
0.799

	
0.670

	
Not Significant




	

	
3

	
0.799

	
0.670

	
Not Significant










Appendix C.1.2. Based on the Target Groups




 





Table A3. Correlations between the different ’target groups’ and the answers for Q1, Q2, Q3, and Q6 questions.






Table A3. Correlations between the different ’target groups’ and the answers for Q1, Q2, Q3, and Q6 questions.





	
Question

	
Subquestion

	
Statistics

	
Result




	
   χ 2   

	
p-Value






	
Q1

	
1

	
0.872

	
0.350

	
Not Significant




	

	
2

	
0.120

	
0.729

	
Not Significant




	
Q2

	
1

	
0.075

	
0.784

	
Not Significant




	

	
2

	
0.000

	
1.000

	
Not Significant




	

	
3

	
1.200

	
0.548

	
Not Significant




	

	
4

	
2.400

	
0.301

	
Not Significant




	

	
5

	
1.714

	
0.424

	
Not Significant




	

	
6

	
0.428

	
0.807

	
Not Significant




	

	
7

	
1.028

	
0.597

	
Not Significant




	

	
8

	
0.120

	
0.729

	
Not Significant




	

	
9

	
1.200

	
0.548

	
Not Significant




	
Q3

	
1

	
0.274

	
0.600

	
Not Significant




	

	
2

	
0.000

	
1.000

	
Not Significant




	

	
3

	
0.000

	
1.000

	
Not Significant




	
Q6

	
1

	
0.000

	
1.000

	
Not Significant




	

	
2

	
0.000

	
1.000

	
Not Significant




	

	
3

	
0.000

	
1.000

	
Not Significant
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Figure 1. Flowchart describing the phases of the proposed methodology. 
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Figure 2. Mockups of the various interfaces for the agricultural DSE. (a) A data search engine for available datasets in the data space, allowing for searches by geographical location on a political map with additional filtering options for refined results; (b) a data search engine for available datasets in the data space, providing filtering by data characteristics; (c) data visualisation: location map, summary of intrinsic information for the selected field, comparative graphs of different fields for specific indices, and data tables; (d) a comparative data visualisation: graphs for comparing data acquired from the data ecosystem, data tables, and requests and notifications, with a direct access button to the agricultural DSE. 
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Figure 3. Percentage of participation of the different profiles surveyed. 






Figure 3. Percentage of participation of the different profiles surveyed.



[image: Agriculture 14 01808 g003]







[image: Agriculture 14 01808 g004] 





Figure 4. Q1—How relevant these aspects are for you, where Q1-1: Be able to visualise your own data and Q1-2: Be able to visualise others data. 
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Figure 5. Q2—Indicate the priority of the following visualisation tools or services, where Q2-1: Parcel identification; Q2-2: Data description through tables and maps; Q2-3: Benchmarking service; Q2-4: Data downloading; Q2-5: Data uploading; Q2-6: Connection and visualisation to private and public weather data; Q2-7: Concrete formula application; Q2-8: Decision support system; and Q2-9: See the status of Agricultural DSE requests. 
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Figure 6. Q3—Features of the table, where Q3-1: Colours; Q3-2: Highlight relevant information; and Q3-3: Be able to display more than one plot on each table. 
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Figure 7. Q6—Features of the chart, where Q6-1: Colours; Q6-2: Highlight relevant information; and Q6-3: Be able to display more than one plot on each table. 
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Figure 8. Percentage of the answers given for each of the profiles surveyed for the sub-question Q1-1 How relevant it is to be able to visualise your own data. 
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Table 1. Main steps based on ISO 9241:210 standards definition. Highlighted in yellow are those covered in the present work.
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	Step
	Goal
	Output
	Activity





	1
	Understand and specify the context of use
	Context of use description
	Meetings with the pilots representatives



	2
	Specify the user requirements
	User needs description

User requirements specification
	Common functionality extraction

Mockup creation



	3
	Produce design solutions to meet the requirements
	User-system interaction specification

User interface specification

Implemented user interface
	Survey based on the created mockups

Evaluation metrics



	4
	Evaluate the designs against requirements
	Evaluation results

Conformance test results

Long-term monitoring result
	










 





Table 3. Target groups and their corresponding profiles. The groups that have participated in the survey have been highlighted in yellow colour.
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	Target Group
	Profiles





	TgA; TgB
	Farmers and advisors



	TgC; TgD
	UE food producers industry



	TgE
	ICT and technologies—service providers, researchers, startups, and innovators



	TgF
	Researchers










 





Table 4. Summary table of the main functionalities of the platforms that pilots use for the visualisation and management of their data.
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Pilot

	
Functionalities




	
A

	
B

	
C

	
D

	
E

	
F






	
R1

	

	
√

	
√

	

	
√

	
√




	
R2

	
√

	
√

	

	
√

	
√

	
√




	
R3

	
√

	
√

	
√

	
√

	
√

	




	
R4

	
√

	
√

	
√

	
√

	
√

	








A—Parcel identification; B—Data description through tables and maps; C—Aggregation services; D—Connection and visualisation of private and public weather station data; E—Concrete formula application (Growing Degree Calculation, temperature thresholds to compute accumulation of chilling hour); F—Decision support system.













 





Table 5. Correlations between the different ‘profiles’ and the answers for Q1 question, where Q1-1: Be able to visualise your own data and Q1-2: Be able to visualise others data.
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Sub-Question

	
Statistics

	
Result




	
   χ 2   

	
 p  -Value






	
Q1-1

	
11.999

	
0.002

	
Significant




	
Q1-2

	
5.520

	
0.063

	
Not Significant
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