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Abstract—This document presents a Decision Support System (DSS) aimed
at small livestock farmers who have not made use of Information Technologies
(IT) in their production systems. The DSS was built based on the finite difference
equations of a simulation model in System Dynamics in whose definition the
beneficiaries participated and served as a base for the development of a serious
video game. The DSS and the Serious video game is supported in a Web and
Mobile Architecture. The simulation model and the serious video game are used
as support tools in the training given to users to learn how to use the DSS. These
three tools are the result of a doctoral research project, which used two method-
ologies during its execution: Design and Development Research and the Case
Studies methodology. The tools were applied in an appropriation strategy with
livestock farmers of the department of Santander in Colombia, where resistance
to change and cultural attachment causes a low adoption of technology. The in-
clusion of gamification elements helps the user to understand the connection of
these elements and their processes in a real farm, know the large volume of data
managed by the DSS, enhance the process by making it more fun, improve the
learning curve and provide useful data for tracking the use of the DSS. 16 months
after the end of the training, the DSS has more than 13000 reported records about
the activities of the farmers in their farms.

Keywords—Information Technologies; appropriation; information systems; de-
cision-making; bovine production system; system dynamics; serious video
game.
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1 Introduction

The livestock farmers of the Colombian rural sector need ways to improve the deci-
sions they make concerning their production processes to mitigate the losses of data
and the uncertainty of the result of their choices [1]. This document presents three tools
aimed at mitigating this need: A Decision support system (DSS), a simulation model
and a Serious video game.

The three tools presented in this article are aimed at small livestock farmers. The
livestock farmers for whom this DSS is designed to have a Bovine Production System
with a maximum of 25 animals and an income of less than 60 legal minimum monthly
wages per year [2]. Many of these livestock farmers have low Information Technologies
(IT) adoption. This generates errors or delays in decision-making, unawareness of
losses and a lack of profits [3]. Because of this, rural development must be supported
by better information [4] and accelerating the appropriation of the DSS [5] with adop-
tion of strategies [6].

The interest to work in the development of a DSS which is based on a simulation
model that integrates with a Serious video game was inspired by the need of tools that
deliver useful information for agricultural practices, and by the training needed so pro-
ducers would modify their behavioural patterns [7].

The small livestock farmers participated in the development of the tools to suggest
features that the DSS must have, such as the efficiency of professional performance and
the possibility of evolution in training, and to help in understanding the volumes of
information that occur with the processes.

The integration of the three elements seeks to improve the adoption of IT by taking
the advantages offered by the simulation model. The serious video game to facilitate
the understanding of the productive system and the benefits for decision-making be-
tween different alternatives that must be analyzed based on the objective pursued in the
managed system as described [8].

For the development of the DSS, the social context was considered to identify the
cognitive strategies that the system must have, an important guideline in the rural sector
as stated by [9]. The information regarding the processes was obtained directly from
the livestock farmers. Such information was then represented in the three tools: simu-
lation model, serious video game, and DSS. The mechanics of the serious video game
and the diagnosis reports from the DSS were based on the equations by finite differ-
ences from the simulation model.

2 Frame of Reference

A systematic review showing the degree of progress of IT Appropriation in agribusi-
ness and the need to contribute to that appropriation was presented in [3]. The review
was carried out in Scopus and Web of Science and sought to know the degree of use of
modelling with systems dynamics and serious video games in strategies for appropriat-
ing DSS for agro-industrial producers. As a result, it was concluded that, although there
are works in this regard, the opportunities to unify knowledge and to align in the three
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IT tools are presented, the way of carrying out the processes to plan the productive
strategies taking advantage, in simulation tools, benefits they offer such as support for
understanding, comparing scenarios and raising awareness about the volume of data
generated in production processes.

The frame of reference that supports the DSS is composed of topics such as Bovine
Production Systems, IT Appropriation, Gamification and Serious video game. A sum-
mary of each of the topics that support the DSS is presented below.

2.1  Decision Support System (DSS)

DSS are information systems that, in addition to being a set of various components
oriented towards the management of data and information organized for use, offer de-
cision alternatives to various problems [10]. They are also defined as computer systems
that help make decisions using data and models for unstructured problems [11].

In the decision-making process, a fundamental aspect is the understanding of the
processes, since this is taken in stages such as the analysis of the information and the
evaluation of alternative solutions according to the evaluation of the possible results
[12]. Decisions can be supported in simulation and strengthen training activities with
experiments [13].

2.2 IT appropriation

The IT Appropriation, according to [14] is the ability or competence to use tools that
manage information to generate changes in the way processes are performed, increasing
the quality of products and improving results.

The proposal in which the DSS is framed seeks the appropriation of the producers
supporting the education, competitiveness, and collaboration provided by the simula-
tion model and the Serious video game.

2.3 Bovine production systems

A Bovine Production Systems is an organization of elements normally called a farm.
It consists of dynamic economic activity that includes the production and commerce of
bovine agricultural products which has demographic, biophysical, productive and fi-
nancial aspects that must be controlled to generate profits, as stated in [15].

2.4  Gamification and serious video games

Gamification incorporates game strategies to support the improvement of skills and
to internalize knowledge in a more fun way, developing commitment and encouraging
the spirit of improvement thanks to the motivation it achieves from the learners [16].

Serious video games are interactive digital instruments that, through controls, simu-
late experiences in an electronic device. A Serious video game is a video game that is
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designed with an educational purpose beyond pure fun (i.e. it is aimed at both enter-
tainment and learning) [17].

Serious video games contemplate aspects to generate knowledge, that is, they give
the player the possibility to control different variables, make decisions and generate
experiences for education, and incentivize competitiveness by generating patterns that
lead to deduce information and modify strategies based on these experiences [18].

3 Research Methodology

The frame study is aimed at an Appropriation strategy of IT in which the develop-
ment of three tools is one of its objectives. The Appropriation strategy was supported
by Design and Development Research and the Case Study methodology, the simulation
models are supported in System Dynamics and the development of the DSS and Serious
video game was supported by RUP.

Design and Development is recommended when it is necessary to improve practice
by applying ICT tools and processes that fit the context, where the beneficiaries partic-
ipate in the formulation, execution, and reflection [19] and guide the exploration of new
context-based learning environments [20]

Case Study is given by the importance of working with communities, each assumed
as a single social instance for the analysis, by working with each participant, it facili-
tates decision-making due to the ability to generate hypotheses and discoveries [21].

System Dynamics is a methodology to learn, explain and recreate phenomena in
terms of simulation models that allows the observation of the behaviour of a system
under different circumstances [22]. The models are based on causal loop diagrams and
one of them, the Flow-Level diagram, represents integral equations in non-linear finite
differences that allow simulating strategies or scenarios in the system [23].

RUP is a software development methodology that identifies four phases for the gen-
eration of technical documents and the software product [11]. The products are carried
out in workflows, and their execution must follow good practices like making correct
use of version control. RUP is considered an iterative and incremental methodology.
Iterative, because it allows repeating the cycle of the four phases in more than one op-
portunity, and incremental, because in each iteration the scope is increased.

An example was carried out during the development of the DSS; it is presented in
Table 1. Such a table shows the phases and their purposes, as well as the products ob-
tained (the products that make the DSS were improved in three iterations).
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Table 1. Phases and products in the construction of the DSS according to RUP

Phase: Purpose Products

Description of the processes of the Bovine Produc-
tion Systems

Start: Definition of entities and processes structure in [Description of the simulation model with System
a productive system Dynamics

Description of the serious video game

List of Requirements

Design Document
Architecture
Elaboration: Establishment of architectural frame-  |Use case diagram*
work, plan, specific models such as any of UML Activity diagrams*
Entity-relationship

User views™

A simulation model with System Dynamics
Construction: Programming Serious video game

DSS
Transition: Use in a real environment DSS Acceptance Tests

* In which the livestock farmers participated.

4 Results

In research was proposed the Appropriation strategy which was applied, improved
and validated in several sessions with livestock farmers of the Santander, Colombia in
the municipalities of Betulia, Valle de San José and Lebrija. The strategy has ten
phases:

1) Formalization of knowledge and elaboration of the frame of reference

2) Construction of the IT tools

3) Characterization of livestock farmers and their Bovine Production Systems
4) Formalization of the simulation model

5) Updating and validation of tools

6) Training with the serious video game

7) Training of the DSS for the management of the simulated farm

8) Use of DSS with help for the management of the real farm

9) Use of DSS without help for the management of the real farm

10) Measurement of the tools use

In these phases are defined three moments in which the tools are used and from
which the total objective of appropriation emerges is given by the livestock farmer
receives an induction on simulation model with System Dynamics with simple models
so that they know the methodology of the System Dynamics and support with their
ideas the construction of a new version of the model for the Bovine Production Systems
Because when the developer finishes the new version of the Serious video game, which
are presented in several sessions and this aids them to know the structure and learn that
the decisions taken can be consulted on the DSS.

The serious video game and the DSS follows three moments presented in Figure 1,
the description of each moment is as follows:
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1) The livestock farmer interacts with the serious video game in a simulated
production system and then reviews the result reports. By taking advantage
of that possibility of verifying the results in the DSS of the games, the
farmer can reflect on his decisions so he can achieve a better result in the
next playing experience. The exercise seeks for the livestock farmer to be-
come aware of the volume of data he handles in his Bovine Production Sys-
tems. In this exercise, the livestock farmer has the aid of a tutor (in this case
the researcher), who supports him in the management of the Serious video
game. To raise awareness about the benefits of having access to the infor-
mation generated by the DSS, the tutor asks the farmer questions about the
system, which is then resolved by the reports generated by the DSS. After
the training, the farmer can play again to further improve his knowledge
about the system.

2) After the simulation exercises with the video game, which allows the un-
derstanding of the purpose and information generated by the DSS, the live-
stock farmer interacts directly with the DSS to manage the data of his farm,
that is, his real production system. The management of the DSS and its re-
ports allows the livestock farmer to enhance his understanding and deci-
sion-making about his farm. In this exercise, the livestock farmer also has
the support of a tutor who aids him in the management of the DSS.

3) The livestock farmer continues to interact directly with the DSS as a support
tool for the management and decision-making of his real farm or productive
system, but he begins to do so autonomously, that is, without the tutor's aid.

Next, the simulation model, the Serious video game and the DSS are presented, as
well as the integrated way in which they were built, describing the contributions that
the SM and the Serious video game make to the DSS.

Tutor Livestock farmer Tutor Livestock farmer Livestock farmer

:
Simulated Real Real
production production production
| system J system
e e
| L
DSS DSS DSS
Moment 1 Moment 2 Moment 3

Fig. 1. Moments of the appropriation strategy

iJIM — Vol. 14, No. 15, 2020 9



The tools that were developed to accompany these sessions in the appropriation
strategy are described below.

4.1  Simulation model

The simulation model represents the Bovine Production Systems. It defines the pro-
cesses and elements of the system to contemplate in the appropriation strategy. It was
developed with the participation of livestock farmers in the first sessions held with
them and subsequently implemented in System Dynamics.

Figure 2 presents the general influence diagram of a Bovine Production Systems,
where feedback cycles that occur in the system can be seen. For example, starting from
the variable “animal”, it can be seen that when hydrating and feeding, the animals grow
by generating greater weight that can be sold to generate income to increase capital,
which in turn allows the purchasing of more animals.

expense 4——— fixed costs  inseminate 4— buy
Sy

Capital hvdrate and feeed _,,

v
Jr— weight ¢——
income «—— sell >
T I —
ilk ilki 7
mi +—— milking v get sick v

die medicate

Animal

Fig. 2. General influence diagram of a Bovine Production Systems

Figure 3 shows a part of the age groups of the “Animal” variable in the influence
diagram: Veal, Empty cow, Pregnant cow, Cow on rest days, Empty lactating cow and
Lactating pregnant cow.
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Fig. 3. Influences diagram of the age groups of a Bovine Production Systems

Figure 4 shows the correspondence of those age groups with the Flow-Level dia-
gram of the System Dynamics. From that diagram, equations are obtained by finite
differences for the mechanics of the Serious video game and the forecasts of the DSS
(Only the parts regarding age groups are presented in the Figures). Additionally, the
diagram in Figure 4 shows that the levels correspond to the age groups and the flows
correspond to the events (buy, inseminate, give birth, end the rest, inseminate, prepare).
An explanation of the diagram is the following:

The process begins by buying an Empty Cow (EC), which is inseminated to become
a Pregnant Cow (PC). When the Pregnant Cow (PC) gives birth, it produces a Veal and
changes its status to Cow on Rest Days (RDC). After the resting days, the cow changes
its status into Empty Lactating Cow (ELC), when it is inseminated again to become a
Pregnant Lactating Cow (PLC). Three months before giving birth, the cow stops being
milked, and it becomes a Pregnant Cow (PC) again. The cycle can be repeated for up
to 15 deliveries depending on the conditions of the animal. After the Veal finishes its
growth process, it is sold or it becomes an Empty Cow (EC) that can become insemi-
nated, and the cycle starts again.

EC inseminate PC
buy stop_being_milk PLC
O ?KP [ J—=
//UCD PN
=~
—o— lIns R

gestation
birth_m H
increase

inseminate_2

. {>
Calves RDC end_rest ELC

birth_s

Fig. 4. Flow-Level diagram of the age groups of a Bovine Production Systems
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Below are presented, as examples, three equations corresponding to the flow-level
diagram for the level EC and the events “buy” and “inseminate” (events in which the
livestock farmers decide in the video game and the real farm, “ICow” and “lIns” are
the variables to identify in the model that an animal was purchased or inseminated).
These equations along with 58 others are iterated over time and generate the results in
each game played on the serious video game.

buy; = ICow @
EC, = EC;_; + buy, + growUp, — inseminate; 2
inseminate, = if (EC;_, > IIns,IIns,0) 3)

4.2  Serious video game

The serious video games incorporate gamification to familiarize the player with the
use of IT, showing consistency with the model, simulating the production processes
they already know and it is mainly used in training sessions so the livestock farmers
can make decisions on the Bovine Production Systems simulated and make them aware
of the volume of information that is given in a farm since the results can be consulted
in the DSS. It was developed using Unity, a development engine for the creation of
interactive experiences and games [24], also following the same RUP methodology
used while creating the DSS and it simulates the administration of a farm, given that
its mechanics follow the simulation model and it is.

Figure 5 presents part of the class diagram of the Serious video game, where it can
be seen that a game (that is, a Bovine Production System) is made up of lots that in
turn are made up of animals, the same events can be seen in the diagram.

The Serious video game followed the guidelines expressed in the model, but with a
user-friendly interface that simulates the administration of a farm. Every decision that
the livestock farmer makes and every event that happens in the game is saved as a
backup in an XML file whose name corresponds to a unique identifier with a header
that is then sent to the DSS.

The Serious video game generates a report for every decision or event that occurs
in a game. The livestock farmer can then view the information in the DSS as if it cor-
responded to a real farm, and then answer questions about his decisions to review his
mistakes and successes during the game.
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Animal
- ld sint
- IdRaza tint
Establo = Deso i
Partida - FechaNac :java.util.Date
- d sint - Estado sint
- ld sint 0.1 - Leche :int 0—>0"1 -
- Difers +int ’0% . + comer() :int
- . ;¥ S + beber () tint
+ jugar () :void + enfermar () :int
+ gestar() :int
+ parir () tint
+ lactar () sint
+ crecer () sint

Fig. 5. Part of the Class diagram of the Serious video game

It is expected that by allowing the livestock farmer to review all the decisions taken
during the game, the learning process for using the DSS is made easier, and the im-
portance of using this knowledge in a real system is made clear.

At the beginning of a game, the player receives a farm with an empty table, as well
as information about the parameters of the game, such as the initial amount of money
the player has. At the top, the player can see the controls for the decisions he can make.

An example of the Serious video game is presented in the heading of Figure 6, where
two animals are being administered. In the upper part, you can see the controls offered
by the Serious video game and on the right, the money of the game and the data of the
selected animal.

The gameplay of the Serious video game is presented in Figure 6, where two ani-
mals are being handled. The upper bar shows the controls offered by the Serious video
game, and the right panel shows the money the player has and the average data of the
selected animals. When the livestock farmer starts to have a better performance in the
simulation, the tutor provides a code for a new game so that the player gets to face
more complex scenarios, such as a greater probability of disease in animals, different
animal purchasing prices, among others.

o O

$34.893.600

Mes # 55
ID PARTIDA: tgm47x

Fig. 6. Example of a game in the Serious video game
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4.3  Decision Support System (DSS)

The Decision support system (DSS) is hosted in a server that can be accessed by the
trainees. It was developed in HTMLS5, PHP and JavaScript for Web, Java for mobile,
and it has a database in MySQL and SQL.ite, respectively.

Figure 7 presents part of the entity-relationship diagram of the DSS. It can be seen
that each animal has a breed assigned, and also a record of events. The figure shows
that the elements and events of the SM are the same that those in the Serious video
game presented in the Serious video game class diagram (Figure 5), those in the game
(Figure 6) and those in the DB.

razas animales lotes
idanimal Integer E=0O—CO— idlote Integer

idlote Integer

idtipo Integer idevento Integer

1
—O—O=]
2
tipos_eventos {Qé eventos
O 3

Fig. 7. Part of the database of the DSS

To enable the review of decisions of each game, the DSS receives data from the
Serious video game. This allows users to review the decisions that were made in each
game in the same way as it would be done with a real production system.

Additionally, these events are shown in the “Events” module, which offers the op-
tion of recording each situation that happens to an animal.

The tools were developed following the same structure of the SM to facilitate the
development process and the use of the tools in the sessions with the livestock farmers
for the management of the Bovine Production Systems. As stated before, the DSS and
the Serious video game are integrated, as the DSS shows whatever happened in a play
through the Serious video game. An explanation of this is given below.

Figure 8 resembles the architecture diagram and the collaboration diagram of UML.
It shows the elements present in the migration, that is, the Serious video game, the web
browser and the server (composed of the controller, the model and the view). From
that figure, the following features will be presented: the querying process of the DSS,
the process of receiving data from the Serious video game, the DSS functionalities and
the generation of reports.

Description of the consultation process: After the migration of the data of the
game, the livestock farmer can log in to see details of the product information of ani-
mals, which are shown in graphic reports. The description of the querying process is
presented in figure 9 with Arabic numbers:
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1) The Browser makes query through https

2) The Controller receives it

3) The Controller requests information from the Model

4) The Model makes the required queries and delivers the data to the controller
5) The Controller supplies the data to the View

6) The View delivers the result in the browser

Browser / Android Server

b
HTML E£xx 4%

delivers
v ISIS[I
0 makes query receive f
— &5
https | supplies/ ;
A4

SAMII deler

sent
XML

oo

execute t
®hp) -

Myso

Fig. 8. DSS architecture diagram and DSS collaboration diagram

The reports in the DSS to check productivity are:

1) Age Distribution: Presents a cake diagram with percentages of demographics.

2) Production by Animal: Shows the behaviour curves of each animal according
to their age, by event or for a range of dates.

3) Consolidated Production: Presents the total daily milk (total produced, in litres)
or weight production (total weight of animals, in kilograms) for a range of
dates.

4) Quantity of Records per day: Shows the amount of data entered in the tool per
event or for a range of dates (for items with more than 5000 records).

Reception process of the serious video game: As stated before, the serious video
game sends data to the DSS, so livestock farmers can log in to see their results and their
progress in the use of Serious video game. The description of the migration is presented
in figure 9 with roman numerals:

i. The Serious video game generates an XML file that is sent by https to the
server.
ii. The Controller receives the data and transforms it into scripts according to the
DB.
iii. The Controller runs the scripts to save them at the DB.
iv. An example of data migration from serious video game to DSS is presented
below:
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In the Serious video game, the player is initially presented with a table with empty
feeders, and to the right, the characteristics of the productive system are shown. In Fig-
ure 9, on the right, the game with ID vwfep6 is shown. In that scenario, the game is in
month #1 and the player had bought a cow (which was assigned ID #656177). The cow
was inseminated, and therefore is pregnant. It currently weighed 260 kg. That day, it
was supplied with 20 kg of grass and 26 liters of water.

$4.032.000

<juego id="vwfep6" usuario="Urbano" segundosTur="0">
<tiempo id="1">
<comprar vaca="656177" hembra="1" raza="holstein">
<inseminar vaca="656177" exitoso="True" />
<comida vaca="656177" cantidad="20" />
<agua vaca="656177" cantidad="26" />
<estadoFinal dinero="4002000">
<estado id="656177" peso="266" sanidad="1" />
</estadoFinal>
</tiempo> ' Mes # 1

1D PARTIDA: vwfep6

Fig. 9. Part of the XML file and Serious video game screen for a game in month 1

Figurel0, presents the same game play through in the 22nd month. There were two
animals, and the empty cow # 783072 is selected. That cow was the offspring of cow #
656177 and had just finished its lifting stage. In the left, a partial view of the XML file
that logs the events of the month: the feeding and watering of cow # 656177, the end of
the lift of animal #783072 (label “crecer”), the money and the animals’ health status.

The XML must be transformed to migrate the data to the database. The transfor-
mation generates the database scripts in the following order:

1) Insert the parameters such as organization, farms, users, lots, third parties (the
ID of the game is taken as the organization name, the farm, the user, and the
lot)

2) Insert the animals of the game

3) Insert the money of the month

4) Insert every decision or event in the game

5) Update the state of every animal

6) Include the money of every month of the game
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<tiempo id="22">
<comida vaca="656177" cantidad="25" />
<agua vaca="656177" cantidad="25" />
<crecer vaca="783072" madre="656177" />
<estadoFinal dinero="4590000">
<estado id="656177" peso="329" sanidad="0,9052">
<estado id="783072" peso="260" sanidad="1" />
</estadoFinal>
</tiempo>

$4.590.000

Mes # 22
1D PARTIDA: vwiep

Fig. 10.Part of the XML File and Serious video game screen for a game in the month 22

Functionalities for management of real productive systems: During the training,
the DSS allowed users to view information on the games that had been ruined in the
Serious video game. After the training, it was used to manage the processes of the farm
by making use of the same options and reports that the livestock farmer previously
handled when reviewing results of his games in the Serious video game. The difference
is that the farmer used the DSS with a real Bovine Production Systems. Additionally,
some new or additional options are involved; some of these are:

1)

2)

3)

4)

Management of parameters and animals: Two features that the livestock farmer
knows when checking results of their games in the Serious video game, this
time as a report. When using them to manage a real farm, in addition to viewing
them you must use them to record the data. The parameters correspond to the
basic data for the operation of the farm, such as lots, third parties and races.
Events: They correspond to the registration of the options presented in Figure
12, that is, it is the option to register and check the information that arises from
the processes that occur in the farm such as Growth (Weight) *, Milking (Milk)
*, Insemination (or Palpation) *, Births, Purchases, Sales, Transfers, Vaccina-
tion* and Deaths (* possible events to save from app, synchronously or asyn-
chronously).

Forecast Management: It is an option that gives information on upcoming
events, which are generated from the event log. For example, the proximity of
birth or the need to Forecast Management: inseminate an animal, among oth-
ers.

Genealogy: It is a report in which the data of the father, the mother and the date
of birth are listed for each animal born on the farm.

Figure 11, presents User views of the DSS for mobile platforms, which are as fol-

lows:

a) Event Log: It is an option to record the events of the system.
b) Saved event: It is a report in which the data of the events in the mobile are listed.
¢) Synchronization: This option shows the sending and fetching of data from server.
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= Registro de Eventos = Consulta de Eventos

Evento Fecha Desde  Hora Desde

P u Purga 25/‘1/ZU|B‘ 12:00 AM
Fecha Hasta  Hora Hasta Evento

Popecktn Yecige 20/11/2018, 11:59PM  Todos P
Finca Lote Animal
Finca Lote Animal
Toues. - JaTodos 4 Tod Tod Tod
o
Fechs Evento HoraEvento  Cantidad Unidad sl Raad Kol

4
Buscar Localmente Buscar En Linea

— Evento  NGm Cant Unidad Fecha Hora
Observaciones Leche 11064 L 29/11/2018 10:36:40 AM

Sincronizando.

Exportar Enviar por Email

Fig. 11.User views of the DSS for mobile

Figurel2, presents the “Events” in the Web version of the DSS. See that the option

shows the date of the event, the date of registration and, if the event was synchronized,
the date was saved on the mobile device.

Peso | Leche | Palpacion| Parto | Compra | Venta | Muerte

im. # Fechade Fechade Fechade ;
Tercero Movim. ¢ Evento Registro  Sincroniz Cant. Precio S5em

Omar

OMar  Compra 11 2020-03-29 2020:03-30 2020-03-30 5

08:21:48  18:47:32 4000 174
Fig. 12.0Option to manage events in the Web Version of the DSS.

Productivity reports in the DSS: Some reports to check productivity are:

1) Demography Distribution: Presents a cake diagram with percentages accord-
ing to animal demography on the farm.

2) Consolidated Production: Presents the total daily milk (total produced milk,
litres) or weight production (total weight of animals, kilograms) for a range of
dates

3) Production by Animal: Shows the behaviour curves of each animal accord-
ing to their age, by event or for a range of dates. One of the reports is Production
by Animal. Figure 13 shows the weight in kilograms of an animal, the DSS shows
the gap between the registered weight and the ideal weight.
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Fig. 13.Animal Production Report

Functionalities to measure the use of the video game and the DSS: The DSS also
generates reports to measure how much the livestock farmers use the Serious video
game and the DSS. Indicators can be viewed individually (by farmers) or by group (by
the community). Reviewing the indicators in these reports allows for better monitoring
of the appropriation strategy. The functionalities are made up of the following reports.

1)

2)

List of Games: The report shows the games played in the sessions to measure
the performance of the livestock farmer. The list can be sorted by the total
generated money to obtain a ranking of games in a specified period.
Participation Report: The Participation Report presents the dates on which live-
stock farmers have entered data of the real system. It’s an indicator that
measures the use of the DSS by community or livestock farmer. An example
is presented in Figure 14.

Jun Jul Aug Sep oct MNov Dec Jan Feb

Fig. 14.Participation Report

Participation Indicators Report: The Participation Indicators Report presents, for
each user, the number of registered animals and movements, and how many days were
logged in the DSS. An example is presented in Figure 15, where it is observed that user
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#1 logged 375 of the 709 days, he has been unaccompanied, which resulted in a 58 %
participation percentage.

% 1dOrg  Finca Usuario Animales Movim Ingresos Posibles Desde

1 58 26 Llanadas Eduardo 28 1651 375 709 2018-06-25
2 53 30 LaSierra Omar 14 1190 398 558 2018-11-23
3 60 35 EllLago Orlando 14 1054 352 558 2018-11-23
4 58 40 Manizales Samuel 16 1178 389 515 2019-01-05
5 47 42 Florosa = Nelson 16 1006 332 515 2019-01-05

Fig. 15.Appropriation Indicators Report

5 Discussion

The use of System Dynamics allows modelling the processes of a system in different
scenarios that generate [25], systems that can be studied as dynamic systems, which can
be explained and understood by making models that show the existing relationships that
may exist between the variables that compose it and support the virtual experiment
teaching with the model and simulate different situations [26], just the way it happens
in this work, where the project was able to represent processes to the livestock farmers
that they already understood but had not simulated and analyzed different alternatives
on-farm management.

There are fundamental aspects in gamification such as the needs of the participants
are determined, the possibility of proposing the content is given, there is motivation to
learn and have fun provided by the game without losing the commitment to improve in
the results [27] and to generate a sense of ownership and recognition of the participants
as transformers in the way of carrying out the processes [9]. In this work, these aspects
occur because the livestock farmers collaborate with the formulation of the model and
the IT tools integrate, since that model supports the development of the mechanics of
the video game and the generation of forecast reports in the DSS, which provides mem-
bership and recognition, and because the results of the games can be reviewed in the
DSS, which provides a desire for improvement.

Games can help acquire data from learning processes and show how information can
be managed in that system [28], two factors that are given in this work, where the users
know the large volume of data required for the management of the farm and the suc-
cesses and errors of his decisions each time they consult the DSS.

In this proposal, the requirement to determine the needs of the participants expressed
by [29] was applied, and with this the knowledge acquisition, motivation and commit-
ment of the livestock farmers were favored, in addition and as recommended of [30],
an experience could be developed without the game serious to compare, in the strategy,
the use achieved of the DSS.

Involving the use of IT tools for collaborative learning that allow their operation in
different devices improves the understanding of the system [31], this work applies it
since it is supported by tools developed specifically for small producers accompanied
by training sessions that give the possibility of simulations carried on each farm.
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It is expected in a next version to integrate sensors in the DSS to facilitate the regis-
tration of processes such as milking and weighing and increase control in data acquisi-
tion as it happens in the DSS SCADA, which allows monitoring in agriculture [32].

6 Conclusion

The integration between the tools favoured the training since it eased the communi-
cation with the livestock farmers. The intention was to help them understand the use of
the DSS in a process with incrementing coverage. That process started from the simu-
lation model, continued with the simulation of the Bovine Production Systems and its
administration in the Serious video game and ended with the search of the results in the
DSS. These results are the product of the processes of migrating the data from the Se-
rious video game. The goal of these advantages is to gain the trust of the livestock
farmers in the DSS.

Considering that not many farms have internet access, the possibility of asynchro-
nous communication provided by the mobile version is essential to carry out the appro-
priation process.

In this proposal, decisions such as insemination, weaning or animal growth (such as
the one presented in figure 13), are alternatives in livestock production that are sup-
ported in a mathematical model, a fundamental feature in a DSS described in 2.1. With
the finite-difference equations that were generated in the model, the expected behaviour
is generated and presented along with the data recorded so that the farmer makes the
comparison and proceeds to carry out the necessary actions. Furthermore, these equa-
tions were used in the mechanics of the video game.

Involving the livestock farmers in this gamification strategies and showing them the
benefits presented by the tools and the validation through an iterative process of design
and development, improving the understanding of the developer in regards to the com-
plexity of the productive system and the necessity of information. This allows for a
better design and increased the trust and interest of the livestock farmers in the strategy.

The System Dynamics contributed to a common language for the communication
and understanding of the productive processes, due to the advantages it offers on the
representation of the system and the visualization of the structure.

The serious video game and its ability to generate scenarios brought the livestock
farmers closer to the IT. This allowed them to develop dexterity in the administration
of the productive system and to improve the understanding of the processes their farms.

The DSS was strengthened by the Serious video game, as it provided users with the
possibility of checking errors and successes made during the simulations. The expecta-
tion is that this will make the livestock farmers aware of the need to have an information
system available for their real Bovine Production Systems.
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