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Abstract

:

There is low adoption of Information Technologies (IT) in the administration of small bovine production systems which causes that most decisions are made based on the experience of the administrators and not based on data. This study proposes a methodological strategy to improve the adoption and appropriation of a Decision Support System (DSS) in the aforementioned kind of systems. The strategy includes gamification elements in the training supported in three IT tools, which help with the understanding of the connection between the tools. The tools are a simulation model, a serious video game, and the DSS. The design and development of the strategy used Design and Development Research and Case Study, System Dynamics to develop the simulation model and a Rational Unified Process to develop the serious video game and the DSS. The methodology was implemented in Santander, Colombia with informative sessions and working with producers in aided simulated environments with the goal of getting participants to use the proposed tools in their environments in a voluntary, autonomous, lasting way. Results showed the impact of the ludic and pedagogical components for the appropriation of the technology. 22 months after finishing the aided sessions 34% of the farmers show appropriation of the DSS and use it on their farms.
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1. Introduction


Bovine production is an economic activity aimed at generating products, such as meat and milk for human consumption [1]. Interactions among the components of the production system generate information that managers must take into account to make decisions [2] and decrease uncertainty to improve profits from their activities [3]. However, there are few strategies that involve the adoption of information technologies (IT) for these producers [4,5]. Taking this into account, the proposed strategy seeks that farmers understand that their farms can be considered as systems and their choices should be based on data to improve their results.



Small bovine producers are people who work in the management of cattle to produce meat and milk, have social and demographic factors that require improvement, and generally do not use information systems for the administration of their systems because of cultural rooting and resistance to change among other reasons [6]. Because of that they must be trained in better agricultural practices that would allow them to have access to more information about their processes [7], reduce errors and unwanted delays in their decision making, improve the efficiency of their processes [8], and improve their economic results. To achieve this it is necessary to change certain behavioral patterns that involve personal, social, cultural, and structural factors which will allow modernization of the agroindustry [9].



One-third of the land in Colombia is devoted to cattle farming (livestock production systems and grasslands have expanded from 14.6 to 24 million hectares, 21% of the national area) [10]. Colombia is emerging from conflict and changes are necessary to improve rural livelihoods in its agricultural sector. This can be achieved by implementing programs of agricultural strengthening originating from the autonomous work of the community with accompaniment in a diverse multicultural scenario where knowledge and collaboration are promoted by integrating traditional and contemporary knowledge [11]. The majority of cattle farming in the country is managed by small bovine producers who do not use technology for administration and therefore require practices that promote its use.



According to the Federación Colombiana de Ganaderos [12] a small bovine producer in Colombia is a cattle farmer whose production system, called farm, has a maximum of 25 animals and an income of less than 9000 dollars per year. These producers are organized into territorial communities that receive technical aid from public entities, which periodically provide farmers with healthcare programs for their animals or with short training activities on ways to run their processes. Most times, however, those measures are not enough to improve the profits and increase the wellness of the farmers. An example of this is the multidimensional poverty index of the rural sector of Santander, Colombia [13], which was estimated at 77.2% in 2015. This index is an indicator of the UN Human Development Report that identifies deficiencies in homes and people in terms of health, education, and quality of life and makes comparisons at regional, national, and global levels based on countries, ethnic groups, and rural or urban zones [14].



In order to provide training to use IT in the agricultural practices of small producers this study proposes a strategy of appropriation which seeks the appropriation of a Decision Support System by bovine producers. The researchers’ goals are:




	
To use System Dynamics to benefit people by creating awareness of the relationship between knowledge and its applications [15] by improving farmers’ perception of the intrinsic interactions or dependencies that exist among the variables of the productive system [5].



	
To contribute so that knowledge provided by models is applied in different tools [16] and so that systems thinking is integrated with Information Systems as Checkland and Ornerla [17] suggest.



	
To reduce the gap in Information Technologies in the rural sector by helping farmers to appropriate a Decision Support System for managing their farms, because while useful tools exist, farmers use few of them [18].








The strategy involves a simulation model, a serious video game, and a Decision Support System. By providing a playful pedagogical component these elements are integrated to:




	
Make training of farmers easier with their participation in defining the simulation model. This model will then provide equations that will support the two other tools: the video game and the DSS. This will improve farmers’ confidence in the toolset and allow the definition of a common language used during the rest of the training and while using the tools.



	
Guide farmers on how to use the DSS by using the serious video game as a learning tool as the decisions that must be made in the game are similar to those in reality.



	
Allow farmers to make decisions about their production systems based on the information provided by the DSS about their processes autonomously and without assistance.








The strategy is connected to the suggestions of Moravec and Cobo [19] as there are practical exercises that relate to the productive work of the learners, and of Rueda and Franco [20] who state that information technologies give people productive and commercial opportunities, and therefore help with the mitigation of rural abandonment.




2. Concepts and Methods


2.1. Adoption and Appropriation of IT


The adoption of IT can be considered as the action of involving IT tools in processes in order to change the way they are run by improving how data are obtained and processed [21]. Resistance to change, caused by users’ cultural and material specific situations, must be mitigated [22] before changes to the way processes are carried out are proposed [23] to achieve it.



On the other hand, and in general, appropriation implies redefinition, reorganization, and planning of processes [24]. IT appropriation initially requires IT adoption and provides the user with skills to work with IT tools with a sense of liking the technologies and autonomy [25], allowing the user to recognize that IT satisfies individual and organizational needs and interests [26].



IT appropriation improves the results of agricultural activities and therefore improves the quality of life of the participants in the activities. It can also achieve sustainable rural transformation by strengthening commercial, interpersonal, and intercultural relations [27] given that IT challenges traditional developmental methods and ensures progress in the wellbeing of many people [28]. This is why access to IT in rural areas is important for sustainability of communities with transformative strategies.




2.2. IT Appropriation in Industrial Agriculture


Like any productive sector, industrial agriculture should seek the appropriation of IT due to it offering the possibility to take advantage of data by transforming them into information. The use of DSS to make predictions enhances making decisions, increases production, and improves marketing [29].



Arévalo, Bayona, and Rico [8] say that the use of IT eases the control of organizational processes by providing information to improve their efficiency. In the agricultural sector it adds value by creating the possibility of tracing data about animals from gestation to sale or consumption. The authors suggest that consequences of not using IT include errors or delays in decisions, no awareness of losses, absence of profits, abandonment and migration to urban areas.



Colombia should make efforts to seek rural development. According to the National University of Colombia [30] generating IT appropriation in farm administrators can support that development. The strategic plan of Santander, Colombia seeks to establish a road map to improve its economy and thus the quality of life of its habitants by strengthening the economic sectors found in rural areas, seeking to improve results [23].




2.3. Bovine Production System


A bovine production system is an organization of elements, usually called á ‘farm, which has resources and demographic, biophysical, productive, and financial aspects that must be controlled to generate profit [31]. It is a dynamic economic activity focused on the production and marketing of agricultural products. Cattle can be used in production systems such as [32]: (1) breeding: selling animals after their lactation; (2) fattening: fattening animals until they are ready to be sold for slaughter; (3) dairy: managing the gestation for milk production. (4) full cycle: mixing between breeding, fattening and dairy.



A bovine production system depends to a high degree on external factors, but a large part of the events can be controlled and generate the need to carry out other events in future. The right decisions must be made in these events to improve the performance and efficiency of the productive system. Some examples are:




	
A birth requires: the mother’s milk production to be controlled, lactation of the calf a few months after birth to be stopped, three months after giving birth the cow to be inseminated.



	
An insemination requires that the supply of milk to the calf stops after nine months.



	
Each weight record requires checking that the value is consistent according to the age and breed of the animal.









2.4. Simulation Models with System Dynamics


Simulation models represent the conceptual understanding of a phenomenon. They offer the possibility of generating experiences that improve the understanding of the system based on the analyses done during its construction and the results of the simulations generated with it [33].



In this work the model was created with System Dynamics, a methodology proposed in the 1960s by Jay Forrester to analyze, build, and simulate the effects of feedback loops on the behavior of a system through mathematical models [34]. System Dynamics is used to support organizational, social, and political decisions [35].



System Dynamics is composed of five complementary languages: prose, causal loop, stock and flow, equations, and behaviors. The system is described in prose, and its structure is represented in causal loop diagrams which are then transformed into stock and flow diagrams and equations in discrete time which are then evaluated to see the behavior of the system as time passes [36].




2.5. Serious Video Games


Serious video games are interactive digital instruments oriented not only to entertainment as usually happens with video games, but also to training concrete skills on a topic by using game mechanics based on the processes of the represented system [37]. Serious video games ease learning by giving players the possibility of controlling variables, making decisions, developing strategies, and constantly comparing the effects of their actions on the system [38].



Serious video games can provide solutions to agricultural challenges such as transfer of knowledge and increase in productivity according to Fisher et al. [39]. The authors consider that serious video games can be used in workshops with farmers, producers, advisers, and researchers to make decisions similar to those in reality.




2.6. Decision Support Systems (DSS)


DSS are a special kind of information systems aimed at handling data and offering the user with decision options according to the conditions of systems, to tackle diverse problems [40]. DSS usually have three components: a database, a software system, and a user interface. DSS are supported by mathematical models and can use simulations to enhance training activities [41].




2.7. Methodologies of Research


The study combined four methodologies of research:




	
Design and development research was used because it is oriented to educational innovation by introducing new tools in a traditional process to transform it and advance the didactic design of its teaching-learning process [42], and therefore directs the exploration of new context-based environments for teaching and learning, applying its developmental processes to creation of products, tools, and models [43].



	
Case study was used because the authors had interest in working with communities, and each community could be considered as a unique social instance that could be analyzed to understand the way it works in order to generate hypotheses and apply proposals [44].



	
The Rational Unified Process (RUP) was followed during the phase of the study related to building tools to develop the video game and the Decision Support System. The RUP is an iterative and incremental lifecycle run in work flows that involve modeling, analysis, design, implementation, testing, and deployment [45].



	
System Dynamics was used to build the simulation model which supported the creation of the mechanics of the video game and the prognostic reports in the DSS. The methodology of System Dynamics is described in Section 2.4.










3. Results


The strategy is based on the understanding and collaboration provided by simulation models which helps to understand the complexity of the production system through the communication made with the influence diagrams and the significant learning allowed based on transference and appropriation, as explained by Victoria et al. [46] and that, is in this case supported by gamification, represented in a serious game.



The proposed strategy was applied with farmers from five communities in Santander, Colombia. Each community was composed of 5–7 small bovine producers who agreed to participate in the study and whose characteristics were presented in a previous report [47].



The strategy includes training sessions in which the trainer provides a collaborative environment where farmers can verify the simulation model that contains the most representative variables of a farm as well as interactions between them. The structure of the simulation model is then integrated in the serious game which presents players with a simulated farm that must be administered so that players understand the high volume of data handled in those processes [48]. Those data can be seen in the DSS to verify results of the game and in that way learn to use the system to manage a real farm.



The strategy has been applied over 22 months in the phase in which there is no aid from the tutor and yielded 34% of farmers appropriating the DSS.



3.1. IT Tools Developed for the Strategy


The strategy integrates three technological tools developed for the proposal. The tools are intertwined in their functioning [48]: the events of a real farm that can be managed through the DSS correspond in most cases to the choices that players can make in the video game and the simulation model. The three IT tools unify the knowledge and align the way of carrying out the processes. Thanks to this they allow development of training sessions with farmers and the planning of productive strategies on the farm.



Those events are used and registered with the help of the tutor in three situations:




	
While participating in the collaborative definition of the model.



	
While simulating management in the video game and checking the obtained results in the DSS.



	
While managing a real farm using the DSS.








Table 1 shows the ten events of the productive system that were taken into account in the developed tools



A brief description of each tool is presented below. Note that the Selling event is highlighted in figures below as an example. It is one of the ten events that exist in the three developed tools. Feeding and hydrating are the only two events that weren’t included in the DSS. They were left for a new version because farmers do not have control over them [47], hence farmers cannot individually check the food and water since they do not have extensive production systems, which make it unfeasible.



3.1.1. The Simulation Model


The simulation model is a representation of a farm in System Dynamics and supports the two other tools for the knowledge it represents. The model shows the complexity of the productive system which the farmers understand. It delimits the scope of the videogame and the DSS, providing a common language used later in training with the help of IT tools.



Figure 1 shows the causal loop diagram which shows the base of the hypothesis of the proposed structural dynamic for a bovine production system. The diagram shows nine feedback loops (each with a different color and number) and the demographic, biophysical, productive, and financial aspects, each in a rectangle (there are only six age groups of female cattle in the demographic aspect for simplicity).



Table 2 shows the description of the feedback loops.



The model is constructed in the modeling environment: “Evolución” [49], which takes care of the simulation as a function of time. Figure 2 shows the model in the language of flow-level which requires the presentation of more elements. Medication, dying, straws, getting stick, water and fixed costs were removed from this document to simplify understanding (variables such as getting sick and dying involved adding an outflow to each level where there are animals).



The model is transformed into equations in discrete time that are used during the creation of the video game mechanics and the production and forecasting reports of the DSS. The first version of the model had 61 elements, the updated version has 67. Three of the equations in discrete time are presented as an example after the diagram:




	
The capital is given at the start and after it is calculated by the previous value, the incomes and expenses.



	
The incomes consist of milk, its price, the sale of calves, their price and weight.



	
The expenses are calculated for the purchase of food and empty cows.










    Capital  t  = if ( t = 0 ,    IMny  ,      Capital    t − 1   +   income  t  −  expenses t  )  



(1)






    incomes  t  =  (    sellM  t  ∗   PMilkSell  )  +  (    sellC  t  ∗    PCowSell ∗ Weight   t   )   



(2)






    expenses  t  =  (    buyC  t  ∗ PCowBuyl  )  +  (    buyF  t  ∗ PFood  )   



(3)







Figure 3 shows the behavior obtained from simulating a scenario where only one empty cow was purchased. The showed elements are: empty cows, pregnant cows, cows at rest, calves, weight, income and expenses. According to the letter that identifies the graph:




	
In month 1 the empty cow is bought.



	
In month 2 the cow is inseminated to become a pregnant cow (the gestation lasts 9 months).



	
In month 11 the cow gives birth and becomes a cow at rest for three months.



	
In month 11 a calf appears and is sold in month 23.



	
The calf begins gaining weight from month 12 to 23.



	
In month 1 an expense is generated for the purchase of the cow. From month 12 to 23, there is incomes from the sale of milk. In month 23, the calf is sold and an income is generated from it.









3.1.2. Serious Video Game


The serious video game is a digital interactive representation designed for developing skills in the use of IT. The game was developed in Unity. During the game the farmer must make choices to manage a simulated farm based on an initial budget, a set of configuration parameters assigned by the tutor, and the status of the simulated cattle, which changes during the playing session.



A game in the serious video game begins with an empty stable, some starting conditions and a capital assigned for managing. The first task is to buy animals care for them, and manage the consequences of the decisions, for example the associated income and expenses.



Figure 4 shows the user interface of the video game during a playing session. The upper section displays the controls for the available events the player can trigger for the selected animals. In this session the farmer has a budget of 35,000,000 pesos (about USD$10,000).




3.1.3. DSS


The DSS is a web and mobile information system that allows the user to manage the information of the events on the farm and forecast other events based on the information. The DSS can work with data from a simulated or real farm and includes reports that allow the authors to track how much the DSS and the video game are being used by farmers. The DSS has thirty functionalities on its web version (3 and 7 also available for asynchronous use in the mobile version):




	
Management of master entities such as sellers, customers, batches, breeds and users.



	
Management of births.



	
Management of other events (i.e., weigh, insemination, milk, medication, buying, selling and dying).



	
Management of tasks to do (DSS forecasts dates of birth, weaning and insemination).



	
Report of the animal’s details (it includes events such as birth, buying and other event logs).



	
Report on genealogy.



	
Report on individual production.



	
Report on consolidate production.



	
Report on income and expenditures.



	
Report on sold and dead animals.



	
Graphical report on individual production (it shows the expected weight and milk values according to age and breed) and graphic report on consolidate production.



	
Graphical report on demographic distribution.








Figure 5 shows an example of three DSS options:




	
The events report: The upper section shows the buttons the farmer can use to access other interfaces to add data for each event, and displays. The lower section shows a list of events, each one with data such as the event, number of the animal, date, value, and productive week of the animal when the event was registered.



	
The list of forecasts: The list presents a task to be performed to support process control on the farm. Each one contain: the number of activity, number of the animal, the activity performed and the date.



	
The graphical report on individual production of weight presents the registered value and a comparison with the expected value according to the breed and productive week of the animal (the farmer must select the animal, the desired event and the date range).



	
The graphical report of consolidate production of milk presents the milk produced by all animals in a range of dates (The farmer must select the date range).










3.2. Appropriation Strategy


The proposed strategy was applied, improved, and validated in several training sessions with farmers from Santander, Colombia. The strategy has 10 phases, each with a purpose, and their application produces the proposed global objective: appropriation of the DSS in the producers. This is due to:




	
The farmer’s participation in the collaborative construction of the model provides structure and a common language to use when using the three tools, which gives the farmers confidence and excites their interest in using them. Farmers receive training with simple models on System Dynamics so that they know the methodology, simulate scenarios in the proposed model, propose variables for a new version of the model, or approve it. At the end of this phase the tutor implements the variables that were discussed for the latest version.



	
The training sessions usually run at the local rural school, allowed the creation of collaborative spaces that unified the way of handling processes. After the sessions the farmers could help each other to solve doubts and questions about aspects of the use of the DSS that some of them forgot.



	
While the guided training process is aimed at learning how to use the tools, it improves comprehension of the benefits of having information about processes and provides practice of making decisions based on the information.








The phases of strategy are shown in Figure 6 and the purposes. The number of sessions by community (only indicated by the number of sessions in which the tutor and farmer interact personally) and the results of each phase are in Table 3.



The sessions of phases 6 and 7 followed the steps presented in Section 3.2.1 (to simulate the management of a farm with the serious video game) and Section 3.2.2 (to manage the real farm with the help of the tutor).



3.2.1. Steps of Phase 6—Training with the Game


The sessions with the video game of phase 6 followed these steps which are shown in Figure 7 (the process is repeated as many times as required according to the skill of the farmer):




	
The tutor defines a scenario or challenge in the video game and invites farmers to start the game



	
The farmer simulates his farm and makes choices based on the proposed challenge.



	
The farmer continues to make decisions based on the results he obtains.



	
The tutor aids the farmer by posing questions about the administration of the farm: when is the ideal date for a cow to give birth, what is the ideal weight of an animal for its age, how much milk should an animal produce, etc. In some cases, the number of animals in the virtual farm caused the farmers not to answer correctly due to the fact that they forgot to contemplate factors such as: the amount of milk produced, the time of insemination and the number of times it has given birth, among other things. The farmer must therefore consult the game reports that the DSS generates and there they will find different answers.



	
Steps 2, 3, and 4 are repeated until the game is over.



	
The farmer uses the DSS to solve pending questions by using the productivity reports the DSS generates. Based on the DSS the tutor, provides feedback about the decisions made in the game so that the farmer can better understand the way he should operate the system.



	
In the next sessions, steps 2 to 6 are repeated as practicing.









3.2.2. Steps of Phase 7-Managing a Real Farm with the Help of the Tutor


After ending the training with the serious video game, the farmer finds it easier to start using the DSS to manage the data from the real farm. This is for several reasons: he trusts the tutor, the UI uses the same events as the video game, and the farmer knows how to generate reports. The sessions in phase 7 followed these steps shown in Figure 8:




	
While the farmer is watching, the tutor sets up the system with the required parameters: data about the farm, the terrain, at least one seller or buyer, and a bull.



	
The farmer gets to know the administrative options, fills in and checks data.



	
The farmer adds data for an animal and a weighting event and loads a report to verify the information. If the farm produces milk, the farmer must add the data of the last birth, starting with the data on the pregnant cow, the birth, and the obtained amount of milk.



	
The tutor aids the farmer when necessary while the farmer improves his skills of using the DSS.



	
The farmer checks the productivity reports and forecasts in order to get used to them.



	
In the next sessions, steps 3, 4, and 5 are repeated as practicing. When the farmer gets enough skill in the system, the tutor stops aiding him so that the farmer use the DSS autonomously.










3.3. Learned Lessons and Recommendations of the Implementation of the Strategy


The strategy starts with some required knowledge of the system to model, System Dynamics, serious video games, and DSS (phase 1). The strategy suggests developing a first version of the tools (phase 2) to have a clearer vision of the scope, define basic equations for the video game, and set an initial set of transactions, reports, and forecasts in the DSS. Having this initial version reduces development time and therefore the time between the training sessions that use the model and the training sessions that use the video game and the DSS. This reduces the risk of participants forgetting what they learned or even changing their system, which is common in small bovine producers.



The three tools are validated with a common set of data on some animals according to the productive processes of the farm, for example insemination, reproduction, and growth (phase 5). New features were defined during the validation activities which were added in the updated version of the tools. Some of the new features are the report on incomes and outcomes and some extra filters in the existing reports to ease search for information. It was useful to use the same testing data set in the training sessions, the challenges proposed in the video game, and the demonstration of the DSS so that farmers could understand the parallelism between the tools. The data used for this project were provided by a farmer.



Four of the 10 phases of the strategy involved training sessions with the farmers. The following aspects of those sessions can be highlighted:




	
Training sessions should have little time between them (phases 4, 6, 7, 8) so that the process is kept coherent. It is important to periodically check the farmers as they usually have doubts about how to input data or check reports in the DSS. If there are errors in the input of data, they should be corrected as soon as possible to avoid repetition and learning bad habits.



	
During the activities of collaboratively building the model (phase 4) it is important to mention that the model cannot be exactly the same as the system, as the model will lack certain aspects that exist in the real system (e.g., climate or residues) and include other aspects not taken into account in the real system (e.g., the costs of water). During the experience the farmers were aware that their systems are dynamic, but did not know about diagrams that could represent them. By including them in the construction of the simulation model they became engaged in the experience and had a representation methodology that they can try in other systems.



	
When playing the serious video game, the farmers simulate the decision-making processes which they usually perform on their farms (phase 6), and the tutor recommends challenges that increase their difficulty as the farmers gain expertise. An initial challenge is to keep a single animal alive for 6 months and then manage the reproduction and breeding process of the animal. A more advanced challenge requires the player to duplicate his initial money or to buy enough animals to fill the stable. Players gain get confidence in the use of the tools by overcoming those incremental challenges with the aid of the tutor.



	
In phases 6, 7, and 8 it is recommended to check the model to solve questions about the structure of the system. The activities in those phases therefore complement each other, that is, the farmer gains deeper and more detailed understanding of the tools with every phase he completes.









3.4. Measurement of the Appropriation of the DSS


Phase 10 of the strategy measures the achieved appropriation of the project. For this the DSS generates tracking reports that show the use that farmers made of the DSS, i.e., the number of days that they used it to register events of their productive system.



The production systems of the farmers who participated in the implementation of the strategy are either Dairy or Full Cycle. Because of this the minimal expected percentage of appropriation was calculated based on the milking event, as it is the most common event. As lactating cows produce milk for about 9 months, it would be expected for a farmer to record data on the system on 75% of the days of the year.



However, farmers are allowed to register data every 2 days for flexibility, which means that 37.5% is the minimal expected percentage of use to consider appropriation. The other events are not taken into account for this calculation as none of them usually happens more than 12 times a year.



As a summary, Table 4 shows the categories of animals that are usually found on a farm according to its productive system. The numbers show for how many days in a year each event is expected to happen for each category (Buying, Selling, and Dying are not included in the table as they are not periodic because they are only applied once in the productive system).



The appropriation of each farmer is calculated based on the number of days the farmer adds data to the DSS, and that in turn allows the calculation of the farmers who appropriated the DSS:




	
Percentage of appropriation: the ratio between the number of days that the farmer autonomously used the system and the number of days that passed since the aided phase finished.



	
Percentage of appropriated farmers: the ratio between the number of farmers with a percentage of appropriation greater than or equal to the minimal expected percentage of appropriation and the total number of participating farmers.










Percentage of appropriation = (Days with autonomous use)/(Total days with autonomy)



(4)






Percentage of appropriated = (farmers with percentage of appropriation greater than or equal to the minimal)/(number of participating farmer)



(5)







Table 5 summarizes the participation results after 22 months of autonomy (phase 9). The Table 5 shows the name and location, number of participating farmers, number of appropriated farmers, percentage of appropriated farmers, and percentage of appropriation of every appropriated farmer for each community. On average the percentage of appropriated farmers is 34, as 11 of the 32 farmers have a percentage of appropriation greater than the minimal expected percentage of use to consider appropriation (37.5%). This is an acceptable percentage if you take the cultural rooting, resistance to change, and personal, social and cultural patterns expressed in the introduction into account.




3.5. Evaluation of the Acceptance of the DSS


As a complement to the use of measurements of the DSS a poll was applied to the participants as a way to evaluate the strategy. The instrument measures the following four aspects:




	
The first aspect is related to the reasons that led the farmers to using the DSS. Figure 9 shows that most of the appropriated farmers use the DSS because it is easy to use and allows handling large amounts of data.



	
The second aspect is related to the reasons that led the farmers to considering the DSS useful. Figure 10 shows that most farmers found the DSS useful because of the reports it generates and because it makes decision making easier.



	
The third aspect involves evaluating 10 features of the DSS evaluated with a Likert scale (strongly disagree, disagree, neither agree nor disagree, agree, strongly agree). Figure 11 shows that most farmers strongly agree that the DSS meets all the proposed usability features. However, a future version can improve aspects related to the UI (attractiveness, size, and coloring), response time, input recognition, and the usefulness of the alerts.



	
The fourth aspect involve evaluating 10 functionalities of the DSS also evaluated with the Likert scale. Figure 12 shows that most farmers strongly agree with the importance of every functionality. Some features such as terrain management and insemination forecasting are not used a lot, and other features, including weighing, milking, and events reporting could be improved.









3.6. Evaluation for Abandoning the Strategy


Some farmers did not appropriate the DSS. They were polled in order to understand the reasons behind this. The results of the poll (Figure 13) show that about half of the farmers who abandoned the strategy did so because they did not continue with their bovine production systems. That is directly related to rural abandonment [20]. Other farmers consider that the DSS is difficult to use, or that it is unnecessary to manage the farm. This shows that further efforts and alternative approaches are necessary to show farmers the importance of IT for managing processes.





4. Discussion


IT adoption is defined as the involvement of IT tools in processes to solve the need for information to improve the way the processes are run [21]. IT appropriation goes further than involving the tools, as it also means that these tools are used autonomously and with personal involvement [25]. Based on these definitions, the authors recognize that the proposed strategy for the rural sector achieved the appropriation of the DSS as it integrated tools, managed them to be used autonomously, and changed the way processes were executed.



Small bovine production systems are organizations that must begin to take advantage of technology by following IT adoption despite the limitations of resources as [50] where an intervention is required for an adoption process to be viable. In this study the intervention is executed by a tutor who accompanies the training and builds the tools.



The strategy included three IT tools with gamification elements and this helped to generate trust and involvement, which are especially important goals when training [51], in this case by senior adults. Both goals were achieved mainly because of the feedback that arose from the questions that the tutor or the farmer asked during the training regarding the obtained result.



The strategy helped the farmers to become process transformers while collaborating on the construction of a simulation model that represented their productive systems. This is as mentioned by Lundström and Lindblom [52], who recommend researchers to take the context of the participants into account when designing training strategies on the use of DSS for the agricultural sector.



The strategy follows what Somers and Stapleton [53] claim about IT appropriation being a challenge that needs to be tackled with strategies that improve the life conditions and benefit their users. The design and development research methodology focuses on the creation and use of tools to transform situations [42]. By including a simulation model and a serious video game to support the training sessions the strategy tools eased the way in which small bovine producers execute processes in their farms.



The case study methodology seeks to improve the way of using tools in the context of the community [54]. That happened when applying the proposed strategy, as the model allowed the organization of the training sessions and provided the farmers with flexibility in the use of the DSS while they were analyzing information from the video game as a way of acquiring skill before using the DSS to manage a real farm.



With the presented results it is possible to claim that the proposed strategy:




	
Met the researchers’ intentions of (i) using a model with System Dynamics for the comprehension of the system, as expressed by Mejía and Cascante [16]; (ii) contributed to the use of this model to support the development of the software, as mentioned by Jaime [55] and Knox [56] to give clarity in the understanding of the production system and; (iii) mitigated the IT gap as it managed to achieve 34% of appropriation.



	
Involved the farmers in the process of raising awareness of the limitations of simulations, which are natural and depend on the purpose of the model [57]. The model allowed the understanding and representation with System Dynamics (mainly in the causal loop diagram) and the use of its equations to define rules in the serious game and to do forecasting in the DSS [48].



	
Integrated System Dynamics to support training, similarly to other works in the rural sector such as: (i) Protil and Barreiros [58] who represented critical processes during the commercialization of products of the cooperatives of agricultural communities; (ii) Basu and Sushanta [59] who showed reduction of poverty achieved thanks to the increase of capital and productivity in a region; (iii) Siregar et al. [60] who sought changes in politics based on the increase of agricultural production and access to technology; and (iv) Shikuku et al. [61] who prioritized productive strategies and technologies focused on the use of terrains to improve the return on investment.



	
Used a serious video game as a computational teaching tool that, according to Samaniego [62], enhances self-regulation of learning and plays a fundamental role in training processes with purposes similar to those shown in the works of: (i) Pacheco et al. [63] to ease the transfer of knowledge with the participants; (ii) Moras [64] to innovate in educational and social processes that transform and improve society, and (iii) Kessler et al. [65] to raise legislators’ awareness of the amounts of information that are generated when dealing with the diverse issues that arise when managing terrains, and to develop best practices in the context of bovine producers.









5. Conclusions


The strategy proposes a set of phases for the appropriation of a DSS. These phases comprise a diagnostic on the use of IT and training sessions supported by a simulation model and the gamification, represented by a serious video game, which look for farmers to develop skills that improve with repeated use of the tools and contribute understanding of the advantages of using IT on their farms and with reducing cultural rooting. Some key factors of the strategy were:




	
The simulation model generated a common language for the tutor and the farmers, which delimited the scope of the tools, as well as it gave uniformity of use and served as a guideline in the training sessions. The cooperative iterative process of simulation and validation of the model was enriching for the farmers.



	
The serious video game allowed farmers to check the decisions they usually made on their farms and verify them in the DSS in a playful way. This query of data is an opportunity for farmers to understand that these decisions are usually forgotten or can be improved, and to become aware of the amount of data they usually handle and the importance of tracking decisions.



	
Working with communities allowed cooperation among participants both to share points of view and questions about the benefits of the DSS and to aid each other with the use of the DSS during the phases of autonomous use. Aligning the DSS with a model that the farmers approve and can inspect to solve questions about the structure of the system, showing them the amount of data generated with the serious videogame, and consulting of previous decisions in the DSS strengthened the appropriation process.



	
The help of the tutor while the farmer used the DSS to manage the data of his farm helped farmers to note the similarities between the experience on a real farm and the experience of the video game. This realization gave the farmers confidence in the use of the DSS. The confidence in the tools and the knowledge of the DSS that the farmers built with the help of the tutor and the simulated exercises made the farmers’ autonomous use of the DSS easier.








The strategy was applied within the context of the previously mentioned regions, and its results can’t be generalized to every small bovine producer as the productive, social, political, and economic conditions can change between regions.



The fact that farmers participated in the validation of the model helped them to use these tools in spite of their resistance to change, but the physical distance between the communities and the low number of farmers in each community limited the number of fellow participants of whom someone could ask questions or whose help someone could request, and reduced the motivation that would otherwise have been gained by watching other people use the software and talk about it. The appropriation could also have been lost in some cases because the existing network conditions required using asynchronous communication as some of the functionalities of the DSS, including parametrization and graphical reports, could only be used synchronously.



In future we expect to work with communities with their differences in processes, institutions, and unions to benefit more farmers with the strategy, increase the capacity of the technological infrastructure that supports the developed IT tool, allow networked work among farmers in the DSS, add functionalities to the DSS, and replicate the experience with other communities with particularities in their processes and other kinds of productive systems.
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Figure 1. The first version of the simplified causal loop diagram. 
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Figure 2. The simulation model in the flow-level language. 
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Figure 3. Behaviors of the empty, pregnant, at rest cows, calves, weight, incomes and expenses. 
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Figure 4. Example of a session of the serious video game. 
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Figure 5. Example of the DSS options: events report, forecast list, Graphical report on individual production and graphical report on consolidated production (milk). 
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Figure 6. Scheme of the strategy. 
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Figure 7. Steps of phase 6-Training with the game. 
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Figure 8. Steps of phase 7-Training with DSS on a real farm. 
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Figure 9. Reasons for using the DSS and considering it useful. 
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Figure 10. Reasons for using the DSS and considering it useful. 
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Figure 11. Results of the evaluation of the features. 
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Figure 12. Results of the evaluation of functionalities. 
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Figure 13. Reasons for abandoning the strategy. 
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Table 1. Events present in each of the developed tools.
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	#
	Event
	Simulation Model
	Serious Video Game
	DSS





	1
	Weigh
	X
	X
	X



	2
	Insemination
	X
	X
	X



	3
	Birth
	X
	X
	X



	4
	Milk
	X
	X
	X



	5
	Medication
	X
	X
	X



	6
	Buying
	X
	X
	X



	7
	Selling
	X
	X
	X



	8
	Dying
	X
	X
	X



	9
	Feeding
	X
	X
	



	10
	Hydrating
	X
	X
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Table 2. Feedback loops in the causal loop diagram.
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	#
	Loop
	Description





	1
	Demographics
	Capital allows buying animals which grow and change weight and produce milk that is sell to obtain income that increases capital.



	2
	Food
	Capital allows buying food that is fed to animals so that they improve their milk production or weight. Those milk and this weight can be sold to obtain income that increases capital.



	3
	Growth
	Animals increase their weight and can be sold, which decreases the number of animals.



	4
	Insemination
	Empty cow and empty lactating cow with sufficient age are inseminated to have calves. This cycle requires the purchase of insemination rods and it generates outcomes



	5
	Sickness
	Animals get sick and can die, which reduces the number of animals.



	6
	Medicine
	Sick animals must receive treatment to heal. This event requires the purchase of medicine, which generates outcomes.



	7
	Outcomes
	Outcomes reduce capital. They are generated when paying for food, insemination rods, medicines, or fixed expenses.



	8
	Reproduction
	The cycle starts by buying an empty cow. When it is inseminated, it changes status to pregnant cow. Nine months later, the cow gives birth and changes status to cow at rest for a few days. After the resting days the cow changes status to empty lactating cow, and can be inseminated again to become a pregnant lactating cow. Some months before giving birth the cow stops being milked and the cycle starts again. This cycle can be repeated depending on the condition of the animal.



	9
	Breeding
	The Pregnant Cow gives birth to a calf. When calves grow, they become Empty Cows.
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Table 3. Description of the phases of the proposed strategy.
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#

	
Purposes

	
Sessions

	
Results






	
1

	
To create a theoretical framework on bovine production systems, System Dynamics, serious video games, and DSS.

To review published sources on the topics of interest.

	

	
Base knowledge on animal husbandry

Systematic review paper based on articles from Scopus and Web of Science

Definition of the scope of the tools




	
2

	
To develop the preliminary versions of the simulation model, the serious video game, and the DSS based on the created theoretical framework.

	

	
Initial version of the model, the video game, and the DSS




	
3

	
To identify the socioeconomic status of the farmers and the degree of their appropriation of IT, the characteristics of the participants’ farms and the scope of the model by identifying new variables and loops.

	
1

	
Instruments for defining characteristics

Definition of the characteristics of the farmers and their productive systems




	
4

	
To present the preliminary version of the model to the farmers, as well as invite them to participate in the collaborative construction of an updated model.

	
2

	
Suggestions from the farmers to improve the model (variables, structure, equations).




	
5

	
To update and validate the tools based on the farmers‘ suggestions.

	

	
Updated versions of the tools




	
6

	
To show the serious video game through challenge-oriented playthroughs in which the farmer must make decisions on the simulated farm based on the initial money and set conditions.

	
3

	
The farmers recognize the model.

Challenges (conditions) for the game.

Skill of the farmers when playing.

Understanding the complexity of the production system using the game and the DSS with a common language.




	
7

	
To show the DSS to the farmers and motivate them to check reports about the decisions made while playing the serious video game.

To ask the farmers questions they need to answer based on the DSS. The model can be used as a reference while using the DSS so that the farmers understand how to use it and its usefulness.

	
4

	
Questions about the farmers’ decisions.

Awareness of the need to use the DSS to answer questions about the processes.




	
8

	
The farmers use the DSS with aid of the tutor to administer their real farm.

	
4

	
Production reports about the animals, the processes, and the forecasts.




	
9

	
The farmers use the DSS autonomously (without the aid from the tutor) on their real farms.

	




	
10

	
To measure appropriation based on usage reports from the DSS (parallel to phase 9).

Poll the farmers about their acceptance of the DSS or their abandonment of the strategy according to their degree of appropriation

	
1

	
Tracking reports.

Results of acceptance of the DSS and abandonment of the strategy.

Measurements of the achieved levels of appropriation.
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Table 4. Categories of animals and number of days to record data according to the productive system.
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#

	
Productive System

	
Categories of Animals 1

	
Number of Days Per Year to Record Data




	
Calf

	
Cow

	
Steer

	
Weight 2

	
Inseminate

	
Birth 3

	
Milking 4

	
Medication 5






	
1

	
Breeding

	
X

	

	

	
12

	

	

	

	




	

	
X

	

	
*

	

	
1

	

	




	
2

	
Fattening

	

	

	
X

	
12

	

	

	

	




	
3

	
Dairy

	
X

	

	

	
12

	

	

	

	




	

	
X

	

	
*

	
1

	
1

	
270

	




	
4

	
Full cycle

	
X

	

	

	
12

	

	
1

	

	




	

	
X

	

	
*

	
1

	

	
270

	




	

	

	
X

	
12

	

	

	

	








* The farmer must control the cows’ weight. If the cows are not for fattening, are sold at the end of production. 1 The bull is not included as it is weighted and vaccinated infrequently. 2 Calves are weighed every month. 3 Births are managed so that they happen once a year, and for that the cow is healthy and have milk for the calf. 4 Manage the daily production of milk. 5 Medicine is only administered when necessary.
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Table 5. Participating communities and results.






Table 5. Participating communities and results.





	
#

	
Community

	
Number of Farmers

	
Number of Farmers with Appropriation >= 37.5%

	
Percentage of Appropriated Farmers

	
Percentage of Appropriation of Each Farmer






	
1

	
La Fortuna (Lebrija)

	
7

	
2

	
29%

	
56% and 69%




	
2

	
La Vega (Valle de San José)

	
7

	
2

	
29%

	
59% and 61%




	
3

	
Portugal (Lebrija)

	
8

	
3

	
38%

	
58% and 60% and 62%




	
4

	
San Lorenzo (Lebrija)

	
5

	
2

	
40%

	
64% and 63%




	
5

	
San Mateo (Betulia)

	
5

	
2

	
40%

	
67% and 75%




	
Total

	
32

	
11

	
-

	
-
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