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In the dynamic landscape of modern agriculture, integrating technology holds immense potential to enhance efficiency and productivity for small-scale farmers. This study presents a user-centric evaluation of an intelligent context-aware alert system, tailored for small-scale greenhouse farming. We employed standardized questionnaires, including the NASA Task Load Index and the User Experience Questionnaire, to assess the system's perceived utility, mental workload, and overall user experience. Our findings reveal the high perceived utility of the system among farmers. Farmers participating in the assessment indicated a strong intention to utilize the system for crop monitoring. Moreover, the system demonstrated a moderate mental workload, suggesting ease of use and potential acceptance by users. Our evaluation highlighted an excellent user experience, with scores ranging from very good to extremely good across all dimensions. Furthermore, user preferences for alert mechanisms underscored the importance of adaptable notifications, with voice and text alerts favored for comprehensive information dissemination. Light and voice alerts were preferred during manual tasks. This study highlights the significance of user-centered design in agricultural technology, offering insights to enhance the usability and the adoption of alert systems in small-scale farming environments. The positive reception of the system's utility and the moderate mental workload suggest that such technology can be readily adopted by farmers, thereby improving monitoring and management practices in greenhouse farming. The preference for adaptable alert mechanisms further emphasizes the need for flexible and context-sensitive solutions in agricultural technology.
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1 Introduction

In the domain of agricultural technology, the importance of designing solutions tailored for farmers cannot be overstated. While technological solutions that automate farming activities have primarily been developed to assist large-scale farming installations, it is essential to acknowledge the unique needs of small-scale farming operations. These smaller installations often require more targeted technological development to address their specific challenges and enhance efficiency (Norman and Hays, 1979; Dhillon and Moncur, 2023). Therefore, focusing on user-centric design principles from the outset becomes even more crucial for ensuring that technological solutions effectively meet the needs of small-scale farmers.

The agricultural workforce faces significant demographic shifts characterized by an increasing proportion of aging individuals. Studies indicate a notable trend toward an older farming population, with a substantial portion of agricultural labor being carried out by individuals over the age of 50 (Satola, 2019; Akdemir et al., 2021; Liu et al., 2021). This aged workforce also suffers from low scholarship and limited technological capabilities. For these reasons, it is imperative to develop user-friendly and accessible technological innovations that meet the evolving demands of modern agricultural practices and resonate with the unique needs and capabilities of this aging demographic, becoming usable for them.

This paper focuses on the usability assessment of a greenhouse context-aware alert system specifically designed for small-scale farmers. The overarching objective is twofold: first, to ensure that technological advancements are not only technologically sophisticated but also practical and user-friendly for individuals engaged in agricultural activities, including those in small-scale farming operations; and second, to address the needs of an elderly farming population with limited technological proficiency, by developing solutions that are intuitive and accessible to individuals of varying levels of technological skills.

The evaluated greenhouse alert system forms part of an innovative smart farming platform, representing a tangible step toward fulfilling these objectives. Leveraging advancements in sensor technology, data analytics, and artificial intelligence-based decision-making, the system is equipped with real-time monitoring capabilities to detect environmental changes and potential risks to crops within greenhouse settings. To achieve this, the smart farming solution also incorporates expert knowledge provided by agronomists. By delivering timely alerts and notifications using distinct delivery mechanisms, the system aims to provide farmers with the information they need to make informed decisions and mitigate potential risks to crop yields and quality.

To gauge the system's effectiveness and suitability for small-scale farming operations, we employ a rigorous evaluation process, drawing upon established instruments such as the User Experience Questionnaire (UEQ)1 and the NASA Task Load Index (NASA-TLX).2 These standardized questionnaires enable us to assess key metrics such as perceived utility, mental workload, and overall user experience, providing valuable insights into the system's usability and practicality from the perspective of end-users.

In the next section, we delve into research conducted by other authors, clearing their contributions in creating and evaluating monitoring and alert solutions for smart agriculture.



2 Related work

The enhancement of technological solutions to bolster farming activities has become increasingly vital in recent years. Leveraging emerging technologies such as the Internet of Things (IoT), Wireless Sensor Networks (WSN), Artificial Intelligence (AI), and Big Data Analysis has paved the way for the creation of innovative, intelligent, and robust solutions designed specifically to solve agricultural needs (Khan et al., 2021).

Within the expansive domain of agricultural innovation, numerous research endeavors have delved into developing monitoring, control, and alerting systems designed for smart farming. However, it is noteworthy that a significant portion of these proposed solutions lack rigorous evaluation processes. Table 1 shows some literature reviews in which authors analyzed numerous proposals of Decision Support Systems (DSS) for smart farming. Table 1 also states some remarks about the reported evaluation.


TABLE 1 Literature reviews that unveil a lack of evaluation of technological solutions for smart farming.
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As illustrated in Table 1, there is a conspicuous absence of evaluations centered on end-users, raising concerns about these systems' practical applicability and effectiveness in real-world farming scenarios. This gap highlights the critical need for comprehensive assessments involving end-users to ensure that innovations not only meet theoretical standards but also address the practical needs and challenges faced by the farming community. Nevertheless, some studies do address usability assessments.

Authors in Santoso et al. (2018) present an evaluation centered on the usability of the smart farming system. In this study, 58 participants, including system administrators, farmers, and general users, analyzed the usability of system functionality for each user profile. The researchers gathered a set of recommendations from the participants for enhancing the system. Moreover, the results indicate that the various assessments carried out achieved high percentages of usability. However, the assessment conducted in this case primarily focused solely on the interface's usability, overlooking users' perceptions. Finding studies where researchers analyze tools from the user's perspective is challenging. Few studies prioritize this type of evaluation, focusing on aspects that directly impact user experience. A review conducted in 2023 highlighted technological barriers hindering technology adoption in the agricultural sector. These barriers include the complexity of use, lack of suitability to farmers' needs, increased workload, and perceptions of technology (Thomas et al., 2023). All of these barriers are intricately linked to the user experience. Therefore, conducting user-centric assessments, such as the one presented in this paper, may be crucial for addressing these challenges and ensuring the effective adoption of agricultural technologies.

Prioritizing user experience from the initial stages of solution development can yield significant benefits. In a study by Novák et al. (2019), the authors introduce a series of tools that can effectively evaluate systems at various stages of development. They argue that adopting a user-centric design approach for technological solutions can address many potential challenges. Moreover, while these tools are particularly useful for assessing systems during development, they can also be valuable for evaluating developed and deployed smart farming systems. These tools include questionnaire surveys, remote usability testing, deep-dive interviews, and laboratory usability testing.

Furthermore, given that previous evaluations of the alert greenhouse system have primarily concentrated on the effectiveness of the alerts delivered to farmers. This study focuses on evaluating the system from the user's perspective. This includes assessing the perceived utility, mental workload, and user experience when utilizing the alert system using some of the tools suggested by Novák et al. (2019).

Next, we present all the details of the conducted assessment on the greenhouse alert system for small-scale farmers.



3 Materials and methods

In this section, we present the greenhouse alert system that we are evaluating. First, we contextualize the scenario in which the proposed system can be deployed. We present the system modules and functionalities. Next, we detail the evaluation methodology followed to carry out the user-centric assessment of the system.


3.1 Context of use of the smart farming solution

A low-cost smart farming solution was developed. The solution empowers small-scale farmers by offering a comprehensive system that integrates sensors placed strategically throughout the crop field while controlling distinct actuators. Figure 1 shows the deployment of intelligent monitoring stations in crop fields. The figure also shows the visualization dashboards provided in a web application that enables farmers to check data collected from crops. The right section of Figure 1 shows the alert delivery mechanisms and devices used in the smart farming solution, detailed below. The architecture of the smart farming solution is presented in Brenes and Marín-Raventós (2024).


[image: Figure 1]
FIGURE 1
 The smart farming solution.


Figure 2 illustrates the various subsystems comprising the smart farming solution. Each subsystem leverages the capabilities of the Internet of Things, Artificial Intelligence, and Data Analytics to deliver valuable information to farmers. Since greenhouse environments demand meticulous monitoring and control to ensure the wellbeing and productivity of crops, the smart farming solution uses monitoring stations deployed in the field for real-time data acquisition. To do that, monitoring stations are equipped with sensors that measure parameters such as temperature, humidity, soil moisture, and light intensity (Brenes et al., 2019). These parameters are then processed in the intelligent farming solution to provide actionable insights, allowing farmers to make informed decisions about resource allocation, irrigation, and climate control.


[image: Figure 2]
FIGURE 2
 The smart farming solution subsystems.


Moreover, the system does not solely focus on data collection but extends to activating actuators, such as irrigation systems, ventilation fans, and shading mechanisms. This level of control empowers farmers to respond promptly to changing environmental conditions and enact preventative measures, enhancing crop yield and minimizing resource wastage. The system strives to streamline the farming process and maximize resource efficiency by offering enhanced control, automation, and data-driven decision support (Ferrández-Pastor et al., 2023). In addition, the platform can also get information from external sources related to situations that could affect the crops, like weather forecasts and disease-plagues warnings from government services and in-site AI-guided disease-plagues detection.

Recognizing the criticality of monitoring greenhouse activities in real-time, the system is equipped with a context-aware alert subsystem (Brenes et al., 2023). This sophisticated alert mechanism ensures that farmers receive timely notifications when events occur within the greenhouse. By providing instantaneous alerts, farmers gain immediate insights into the status of their crops, facilitating prompt action and informed decision-making.

As an innovative feature, the alert system employs a variety of notification mechanisms, including voice, light, sound, and text, to disseminate alerts to users. This diverse array of devices ensures users receive real-time alerts tailored to their locations, enhancing their awareness of crop conditions. Moreover, users can customize their notification preferences within the smart farming system. This includes configuring the notification mechanisms they prefer, establishing the schedule for receiving alerts and selecting the alerts they wish to trigger. Such customization options empower users to seamlessly integrate the alert system into their workflows, optimizing its utility and effectiveness in supporting their agricultural endeavors.

In developing the alert system, agronomists have contributed their expertise to identify the key variables and agronomic indicators essential for triggering alerts. This collaborative effort ensures the system is finely tuned to suit farmers' unique requirements, enabling even those without technical expertise to utilize it effectively. Moreover, farmers have the autonomy to configure their alerts within the system, tailoring it to their specific needs and preferences. This flexibility empowers farmers to obtain maximum benefit from using the system, enhancing its utility and relevance in agricultural practices. Furthermore, this collaborative approach extends to the customization options available to users, ensuring seamless integration into their daily activities.

In this paper, our primary focus lies in evaluating the alert delivery component of the smart farming solution. Employing a user-centric approach, we assess the perceived utility, cognitive load, and overall user experience associated with utilizing the system. We present the methodology used to evaluate the greenhouse alert system.



3.2 Evaluation of the greenhouse alert system

We structured the evaluation of the greenhouse alert system into two distinct phases. Initially, our focus was on understanding farmers' anecdotal experiences and gauging the perceived utility of the alert system. Subsequently, we analyzed the user task load and overall user experience during system usage. In the following sections, we delineate the methodology employed for these evaluations.


3.2.1 Anecdotal situations and perceived utility evaluation

Recognizing the significance of understanding farmers' real-world scenarios where an alert system could prove beneficial, we developed a custom expert-validated survey to gather anecdotal insights. We aimed to compile a comprehensive list of these scenarios by engaging with farmers. Participants were introduced to the system during this survey, enabling us to gather their impressions of its features and perceived utility. In addition to assessing perceived utility, we sought to ascertain participants' intentions regarding system usage and whether they would recommend it to others. We used a ten-score scale for these three items and asked for justifications. Table 2 shows the items of the survey.


TABLE 2 Survey items.
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To apply the survey, we visited a farmer's fair, a weekend street market where farmers sell their products directly to consumers. There, we voluntarily included farmers in the survey. The application was done by interviewing farmers while they were attending to clients. The instrument was applied on paper and was tabulated afterward for analysis.

The methodology for the second evaluation phase is explained in the next section.



3.2.2 Mental workload and user experience evaluation

Regarding the usability of the alert system, we conducted a second evaluation in which we asked potential users to evaluate the system. To select participants, we enlisted the assistance of individuals walking throughout our university campus. To carry out the assessment, we prepared an evaluation setup in which we put the devices that deliver the alerts. To collect data, we used standardized questionnaires widely employed in the industry to evaluate usability and user experience. Additionally, the collected data were validated and analyzed according to the predetermined procedures specified in the questionnaires.

We also used the Think-Aloud protocol (van Someren, 1994). In this technique, the participant had to speak and tell everything s/he was thinking and doing while the researcher took notes.

Two different assessments were part of this evaluation phase. The first assessment was a Task Load Evaluation. We used the NASA Task Load Index (NASA-TLX) instrument to execute it. After completing a task, we collected data from the participants to analyze the cognitive charge and general workload when using the system. The second assessment was a User Experience Evaluation. In this case, we used the User Experience Questionnaire (UEQ) to collect data about the interaction of the participants with the alert system.

We designed a factorial experiment compounded by two factors with three levels, each one. The first factor was the alert delivery mechanism; the levels were light+sound, voice, or text. The second factor was the user's location when the alert was received, which had three levels: at home, at the greenhouse, or another place (away).

Using the use scenarios collected from the first evaluation with farmers, we designed nine scenarios in which the alert system could be used. These scenarios reflect potential real-life situations. The scenarios ask participants to do actions such as reading a newspaper, simulating an inventory at the greenhouse, or visiting a relative, among others. Participants were provided with materials to execute the activities requested in each scenario.

We introduced the smart farming solution and the greenhouse alert system to the participants at the beginning of the experiment. Then, we ask participants to complete the weighing phase of the NASA-TLX instrument. We randomly selected four to five scenarios for each participant in the evaluation. Next, for each of the selected scenarios, we asked the participant to complete the detailed actions, activating the alerts and recording the times of each activity.

After completing the task load evaluation for the four or five scenarios, we present the UEQ questionnaire to the participants and ask them to complete it. After completing the UEQ instrument, we ask participants to characterize the system globally using three distinct words or phrases.

We executed the experiment with 22 participants. This way, we obtained 108 results, where each scenario was evaluated 12 times, and each alert delivery mechanism and the location were evaluated 36 times individually.

It is important to note that, according to national regulations in the country where the study was conducted, the involvement of a bioethics committee in the creation and execution of data collection instruments is not required in this type of study, as its focus is on the interaction with technological solutions rather than on the individuals themselves. Similarly, signing an informed consent form for participation is regarded as not necessary. However, all participants were provided with a detailed description of the research objectives and the handling of the collected data. Furthermore, participation in this study was entirely voluntary.

We present the results from the executed evaluations in the next section.





4 Results

This section unveils the outcomes derived from evaluating the alert system. We organize the results according to the two distinct evaluation phases.


4.1 Anecdotal situations and perceived utility evaluation results

In the first evaluation phase, we surveyed the perceived utility of the alert system for farmers. Also, we measured the intention of use and recommendation probability of the system by the participants. We applied the survey to 30 farmers, where seven were females, and 23 were males. Figure 3 shows the age distribution of the survey participants. As can be seen in the figure, most participants are between 37 and 69 years old, which aligns with the age range for farmers worldwide according to a study carried out by the International Fund for Agricultural Development (IFAD, 2019).


[image: Figure 3]
FIGURE 3
 First evaluation participants' age distribution.


Figure 4 shows the distribution of the answers received from farmers regarding perceived utility, the intention of use, and the probability of recommending the greenhouse alert system. About the first metric, fifteen farmers stated that they perceived the alert system to have a high utility, while nine said they should use it first for a clearer viewpoint. Two farmers considered the system a new technological tool, highlighting the relevance and current need for innovation in the productive sector. Meanwhile, two of them did not see benefits for their activities. Finally, two farmers did not provide more details to this first question.


[image: Figure 4]
FIGURE 4
 First evaluation scores distribution for perceived utility, intention of use, and probability of recommendation.


Regarding the intention of use, scores were high in most cases. However, some farmers took a more reserved position. While ten farmers stated they would use the proposed system, another seven indicated that costs would determine their real possible use. Interestingly, three farmers indicated that they would use the proposed system, but they would require help to do it. In this case, two farmers noted that they would not use the system because they did not see it useful for their activities. Eight farmers did not provide more information for this question.

Similarly to the intention of use, regarding recommendation probability, eighteen farmers established, as a condition, that they must use the solution before recommending it to other people. Meanwhile, five farmers said they would recommend the proposed system since they see it useful. In this case, one farmer indicated that s/he would not recommend the system. A total of six farmers did not provide details for this question.

We also sought feedback from farmers regarding potential improvements and suggestions for enhancing the alert system. Interestingly, one recurring suggestion was the need for specialized training, particularly for elderly users, to optimize their system usage. We found this insight valuable, especially as we conducted our assessment with the aim of enhancing the system's usability for all users. Additionally, farmers expressed the desire for the system to offer technical information adapted to the specific crops being cultivated, indicating a need for more detailed insights. Another noteworthy suggestion pertained to the nighttime usage of the system. Farmers highlighted the potential usefulness of receiving alerts about crop pest detection during nighttime. They stated that visibility is limited at night, and identifying crop problems becomes challenging.

In general, the alert system was highly valued by farmers. The results related to the second evaluation phase are described next.



4.2 Mental workload and user experience results

As stated in the methodology description section, we evaluated several aspects simultaneously in this evaluation phase. First, we conduct a mental workload evaluation to measure the users' mental workload when they use the system. Next, we conducted a user experience evaluation to measure the user's interaction with the system.

We executed this evaluation phase with a total of 22 participants. Most of the participants were under 32 years old. Meanwhile, only five are over that age (33, 34, 36, 45, and 71 specifically). This occurred because, despite having selected the participants randomly, we executed the study on the university campus, where potential participants are typically younger. This limitation was outweighed by the possibility of using a controlled lab setting.

Regarding gender, 14 males (64%) and eight females (36%) participated in this evaluation. To evaluate the system, four to five distinct scenarios were randomly assigned to participants to execute the assessments. We enforce a similar number of evaluations per scenario to ease the comparison of the obtained data. To do that, we registered the scenarios' IDs for each participant and controlled their distribution between them. This way, each scenario was evaluated 12 times by distinct participants.

Figure 5 shows the randomized distribution of scenarios. The last two participants only evaluated four scenarios to keep the number of assessments per scenario at twelve. The randomization made to the scenarios assigned to the participants can be seen in the Figure 5.


[image: Figure 5]
FIGURE 5
 Scenarios distribution per participant.


We applied the NASA-TLX standardized questionnaire (Hart and Staveland, 1988) for the metal workload evaluation. This instrument can be used to measure the mental workload associated with the execution of a task. The measurement is made based on six dimensions: mental demands, physical demands, temporal demands, performance, effort, and frustration level. The mental demands refer to the cognitive and perceptive activity required to execute a task. Physical demands are associated with the physical activity needed to complete a task. The temporal demands refer to the temporary pressure level perceived during task execution. The performance is related to the degree of satisfaction with the achieved performance. The effort corresponds to the combination of physical and mental effort required to complete a task, earning the degree of performance perceived. Finally, the frustration level refers to the degree of insecurity, stress, and irritation felt during the task execution.

We used the assigned fixed number of scenarios per participant to evaluate the system. Participants had to execute the instructions detailed in the scenario. We provided them with the materials to complete the distinct sub-tasks detailed in the scenarios. At the end of the scenario execution, we asked participants to fill out a form containing the six dimensions of the assessments and a scale from 1 to 20 to evaluate the mental workload of each scenario.

Following the instructions provided with the evaluation instrument (Hart and Staveland, 1988), we asked participants to weigh the dimensions of the NASA-TLX to determine which dimension was more relevant for them. The results reveal that, in general, the most relevant dimension was Frustration level (mean = 4), followed by Effort (mean = 3). This is interesting, considering the system's objective is to provide information about the alerts even when the user is doing other activities. Therefore, mental and temporal demands are the two most important dimensions to measure the proposed system's mental workload.

After the weighing and score phase, we calculated the mental workload scores. These scores were obtained by applying the formula in Equation (1).

[image: image]

It is important to consider that there are several ways to calculate the mental workload score for a task based on the NASA-TLX instrument. So, we decided to follow the specifications detailed by the Ministry of Labor and Social Welfare of the Chilean government (Ministerio del Trabajo y Previsión Social, 2016). In this specification, the scores get values from 0 to 1,200, which can be classified into three levels of mental workload: low, medium, and high. According to the Chilean specification of the NASA-TLX, a score below 500 points represents a low level of mental workload. Meanwhile, a score between 500 and 1,000 points indicates that the task presents a medium mental workload. Scores above 1,000 points refer to tasks with a high mental workload. Figure 6 shows the averages of the mental workload scores for each scenario.


[image: Figure 6]
FIGURE 6
 Mental workload scores per scenario.


It can be seen in Figure 6 that all the average workload falls into the medium level of mental workload (500–1,000) category, except the scenario light-away (1,040).

The text and voice mechanisms show similar mental workloads in the same location. The scores between mechanisms in each location are nearly identical, obtaining a difference only in the case of text-delivered alerts in the greenhouse against voice-delivered alerts in the same location. Nevertheless, the light-delivered alerts in all the locations got higher mental workload scores. This can be caused by the light-delivered alerts only producing a stimulus and not providing additional information about the related problem, forcing the user to search for more details about the alert.

Besides, light-delivered alerts generate the highest mental workload when users are away, i.e., outside the greenhouse and the house. This phenomenon arises from users' challenges in receiving a light stimulus when absent. Considering that the alert device also produces sound, the alert remains difficult to perceive due to possible environmental noise. Some participants suggested changing the device's sound, making the light brighter, and changing the color to ease the alert's recognition.

Considering the user's location, text and voice-delivered alerts are better for delivering information when the users are away from their houses and the greenhouse. Meanwhile, when the user is at the greenhouse, the better delivery mechanism is the voice. In this case, participants pointed out that the voice mechanism is better because they can interact with the device and request more information about the problem, reducing the mental workload. Even they can ask for a possible solution, making dealing with the related issue easier. Moreover, considering they could be doing manual tasks, voice-delivered alerts remain better than those delivered by text despite the more comprehensive information that can be delivered in the text messages. With the text-delivered alerts, farmers would have to stop their current activities to check the messages on the device.

Interestingly, all the delivery mechanisms generate a similar mental workload when the user is at the greenhouse. At the greenhouse, users are commonly occupied and focused on tasks that require their complete attention, and when they receive the alerts, they must change their mental context to respond to them. These context changes significantly increase the mental workload. Therefore, participants emphasized that when they are engaged in manual tasks, they prefer the voice mechanism due to its interactive nature.

In addition, an interesting finding is related to the general mental workload level achieved. If we compare all the scenarios and mechanisms, it can be seen that all of them generate a medium mental workload (score between 500 and 1,000). This is important because even when some users feel a high mental workload in an individual scenario, the mental workload generated by the proposed system remains medium. We consider this an acceptable level of mental workload, considering that it was the first time participants used the system, and the proposed experiment (scenario design) and alert system were designed to be obtrusive in all contexts to guarantee user awareness of the alerts.

Finally, in the User Experience Evaluation, we utilized the User Experience Questionnaire (UEQ), which includes 26 items of semantic differentials to assess the user experience comprehensively. The UEQ questionnaire measures the interaction between the user and the system based on six dimensions: attractiveness, perspicuity, efficiency, dependability, stimulation, and novelty. As stated in Díaz-Oreiro et al. (2019), the common sample size to measure User Experience using the UEQ instrument is about 20 participants. We reached the typical sample size since we had 22 participants completing the assessments. Nevertheless, it is important to consider that we must remove one of the evaluations because it presented inconsistencies in the answers. Thus, we kept 21 completed answers for the analysis.

Regarding the results, the evaluated alert system obtained excellent outcomes. All the dimensions got values in the range of very good to extremely good, with the next individual means Attractiveness = 2.119, Perspicuity = 2.036, Efficiency = 1.976, Dependability = 1.690, Stimulation = 2.048, and Novelty = 2.024. The dimensions with lower scores were Efficiency and Dependability. Nevertheless, these dimensions got metrics in the very good range, which is excellent for us.

UEQ questionnaire also enables the grouping of the scales into Pragmatic Quality (Perspicuity, Efficiency, and Dependability) and Hedonic Quality (Stimulation and Originality). In this case, the proposed alert system obtained very good results. The system received a score of 1.90 for Pragmatic Quality, indicating that users perceive it as highly practical, efficient, and conducive to effectively achieving their goals. Additionally, the system scored 2.04 for Hedonic Quality, signifying that users derive pleasure, enjoyment, and aesthetic appeal from interacting with it. This suggests a positive emotional response and overall satisfaction with the user experience.

UEQ instrument also provides a benchmark compounded by a database with data from 452 software product evaluations (with a total of 20,190 participants in all evaluations). The benchmark classifies a product based on five categories: Excellent, Good, Above average, Below average, and Bad.

Regarding the proposed alert system evaluation, Figure 7 shows the scores for each dimension compared to the benchmark data. Here, the proposed system was evaluated well, achieving an Excellent score for almost all dimensions (Attractiveness, Perspicuity, Efficiency, Stimulation, and Novelty). In the case of the dimension Dependability, the obtained score is situated in the category of Good. This dimension measures how in control the user feels with the interaction. In this case, our proposed alert system is an innovative proposal to inform users of the distinct situations occurring in the crop field in a disruptive way. Several participants pointed out that training or explanations could be required to use the system better. This suggestion matches the remarks provided by the farmers in the perceived utility evaluation.


[image: Figure 7]
FIGURE 7
 User experience benchmark comparison results.


Finally, we asked participants to describe the proposed alert system using three words or short phrases. Figure 8 shows a word cloud containing the characteristics obtained from the participants.


[image: Figure 8]
FIGURE 8
 Alert system description by the participants of the evaluation.


As seen in the word cloud, the most common characteristics obtained were usefulness, novelty, fastness, ease of use, and efficiency. The word cloud results hold significant relevance as they provide a tangible manifestation of users' perspectives on the system. Moreover, they encapsulate the system's desired characteristics that were pursued. The word cloud not only unveils the prominent themes and concepts that users associate with the system but also serves as a valuable tool in gauging the system's effectiveness in meeting its intended goals. Furthermore, none of the participants qualified the proposed system negatively.

Next, we delve into a discussion of the findings gleaned from the system evaluations.




5 Discussion

In this study, we have comprehensively evaluated a greenhouse alert system, an integral component of our smart farming solution, with a primary focus on gathering insights and feedback from end users, specifically farmers. User-centric evaluations play a pivotal role in ensuring the usability of technological tools, particularly in scenarios where users may have limited technological skills or are older individuals. By adopting a user-centric approach, we aimed to glean valuable insights into users' needs, preferences, and capabilities, particularly among farmers who represent the end users of the greenhouse alert system under study. This approach enables us to identify potential usability barriers and challenges faced by users and adapt the system accordingly to enhance user-friendliness and overall user experience.

Our findings highlight the effectiveness and user-friendliness of the alert system and its delivery mechanisms. The results indicate a high level of acceptance among the diverse user groups considered in the evaluations, emphasizing the perceived utility of the smart farming system. Farmers have expressed a clear demand for innovative solutions in the agricultural sector, underlining the significance of our smart farming solution in addressing their needs.

Furthermore, the mental workload evaluation revealed that the alert system maintains an acceptable cognitive burden, an essential consideration for users engaged in other tasks during their daily farming activities. Additionally, the user experience evaluation demonstrated that user interaction with the system was excellent, a critical finding considering that many users in the agriculture sector possess low technological skills and may feel apprehensive when using technology-driven solutions like the one evaluated.

In summary, our integrated smart farming solution has emerged as a valuable and user-friendly tool for small and medium-scale producers operating in greenhouse-controlled environments. The system's acceptance among farmers and its ability to empower users to monitor, control, and respond to crop-related challenges position it as a promising innovation in the agricultural sector. Moving forward, we will continue to refine the system, prioritize critical data, and collaborate closely with agronomists to ensure its usability for all interested stakeholders.
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Adoption of DSS for smart farming is significantly influenced by ease-of-use and usefulness, with farmers unlikely to utilize DSS
solutions that are not simple and quick to use. Therefore, the ideal DSS should prioritize both high ease-of-use and high usefulness.

Lambert et al. (2019)

Engaging stakeholders throughout DSS’s development and evaluation process is crucial for their success, as merely creating tools
without ensuring their practical use is inadequate. There is a need for more evaluation from users to help designers discern the
utility of what has been created.

Mir and Padma (2020)

DSS evaluation typically emphasizes quality, reliability, and usefulness yet often overlooks usability. Prioritizing usability assessment
is crucial for ensuring long-term user acceptance and adoption of DSS technology.

Zhai et al. (2020)

The evaluation of 13 DSS for smart farming prioritized technical aspects like accessibility, but only superficially considered usability,
focusing solely on GUI interfaces rather than the user experience.

Brenes et al. (2020)

Analysis of 35 DSS for smart farming highlights a significant absence of rigorous evaluation, with most assessments being conducted
through controlled experiments and without engaging end-users in the process.

Thomas etal. (2023)

The analysis of 16 DSS in crop production reveals that evaluations have predominantly centered on assessing the effectiveness of
solutions, often overlooking the crucial perspective of the end user.
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