
Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.649

CowGames: The Development and Implementation of a Beef Cattle Breeding
Simulation

M.T. Haag1, J.J. Le Tourneau1, M.F. Smith1, R.M. Marra2 & W.R. Lamberson1

1University of Missouri-Columbia, Division of Animal Sciences, 920 E Campus Dr, 65211
Columbia, United States
mth522@mail.missouri.edu (Corresponding Author)
2University of Missouri-Columbia, School of Information Science and Learning Technologies,
303 E Townsend Hall, 65211 Columbia, United States

Summary

Providing students opportunities to apply their knowledge beyond pen and paper recollection is a
must for students to be successful. These experiences allow students to use their knowledge to
make decisions and see the outcomes. Unfortunately, these experiences are difficult to provide
in the classroom due to time, money, and even safety concerns. Livestock genetics education is
particularly affected by these limitations. Consider breeding cattle, it takes a career to breed ten
generations and at the end the product may not be the original intention. Even breeding mice or
fruit flies in a semester’s time is not feasible to show genetic progress. For these reasons
educators must look for alternative resources to provide students such experiences. Subject-
specific serious games and simulations are becoming a prevalent response to these challenges.
With this information, our objective was to develop a new generation of CowGames, an internet-
based, beef cattle breeding simulation that would allow students to become familiar with
Expected Progeny Differences (EPDs), accuracies, single and multi-trait selection schemes,
lethal recessives, and genomic enhanced EPDs.
Based on interviews of extension and undergraduate educators from around the United States we
determined the key features of our application and began implementation. We followed an agile
development and release scheme. At each release new features were included so we could focus
on each feature for debugging while still gaining information about the overall game. Our
simulation is an internet-accessible, standalone application that includes Birth Weight, Yearling
Weight, and Marbling EPD information, appropriate trait relationships, integration of genomic
enhanced EPDs, and a lethal recessive. We also plan to implement a market feature that will
allow users to sell animals for meat, auction animals, and sell semen. The market feature will
satisfy requests for AI and revenue requests. We will begin educational effectiveness testing of
CowGames in the spring while continuing to refine and improve the game.
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Introduction

Like students in all scientific fields, Animal Science students must be able to move beyond
simple recollection of subject matter to be successful. They must be able to integrate the
knowledge they gain in the classroom as well as continue learning beyond it (de Jong, 2006). To
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achieve this, educators must provide students a solid foundation in the subject matter as well as
opportunities that move beyond pen and paper. Such experiences —authentic experiences—
allow students to proceed into higher levels of thinking (Chinn & Malhotra, 2002; Peffer et al.,
2015). These experiences allow students to make decisions and see the effects of their decisions.
Unfortunately, such authentic experiences are often difficult to provide in a classroom for many
reasons including financial and time constraints. Genetics education, particularly livestock
genetics, is no less limited. Consider breeding cattle, it takes a career to breed ten generations
and at the end the product may not be the original intention. Educating students, and producers,
about effective genetic selection is imperative as it is the basis of livestock improvement, but
demonstrating it in the classroom is difficult. Even breeding mice or fruit flies in a semester’s
time is not feasible to show genetic progress. For these reasons educators must look for
alternative resources to provide students such experiences.

Serious games and simulations are becoming more prevalent in education (Boyle et al.,
2016). They allow educators to illustrate abstract concepts while giving students the freedom to
make decisions without concerns about safety, time, or money. There has been much debate
about effectiveness of games and simulations in the classroom. Ultimately, the development of
programs for specific subjects that provide students a balance of guidance and freedom have
been deemed most effective (All et al., 2016; Boyle et al., 2016; Peffer et al., 2015). Striking
this balance requires developers to have expertise in the subject matter, an understanding of
effective educational scaffolding, and the programming skills necessary to implement the
material. With this information, our objective was to develop a new generation of CowGames,
an internet-based, beef cattle breeding simulation that would allow students to become more
familiar with Expected Progeny Differences (EPDs), accuracies, single and multi-trait selection
schemes, lethal recessives, and genomic enhanced EPDs.

Prototyping and implementation

Pre-Prototype Research

Prior to initial design of CowGames we conducted interviews with 9 extension and 34
undergraduate educators from across the United States. We asked about current teaching
methods, content delivery, student engagement, and what kind of tools could enhance their
teaching efforts. If they mentioned the possibility of a simulation, we enquired about what they
would like to see in the simulation. We also worked through a few generations of the previous
version of CowGame to gain a better understanding of what had been used in the past.

Prototyping

From this research we determined that we would include Birth Weight, Yearling Weight,
Marbling, and a Lethal Recessive as the traits of interest for our simulation. We would also
implement a selection index, genomic enhanced EPDs, an option for artificial insemination, and
a revenue source through the sale and slaughter of animals. Simulation data would be stored in a
relational database with user information stored in a secured, third-party database.

Users would be able to select animals for their herd, and then make breeding decisions
based on the selected animals. They would then be able to review the generation information
including a Sire, Dam, and Calf Summary as well as a genetic trend summary. Finally, users can
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review animal losses that occurred during the prior generation before selecting animals for the
next generation.

Application Build

The application is built on the Vue.js framework (CITE) and written in Javascript, HTML,
Node.js, and CSS. It utilizes Sequelize for data transfer between the frontend and database of
the application. Dynamic programming was implemented wherever possible to facilitate
updates and changes.

Application Implementation

Following the Agile Development Method (Beck et al., 2001) we released our simulation in
versions with additional features included in each update. This method allowed us to focus on
each feature for debugging and content analysis. It also gave us greater freedom to make
changes to improve simulation flow or content. User authorization is conducted and stored
through Auth0, an independent authorization/login firm.

Simulation features

CowGames is available at https://cowgames.fun

Interface Design and Usability

We sought to design an interface that was simple, but still contained necessary information to
support user understanding of the material. Previous work has shown that interfaces that are too
visually complicated or lack informative details can detract from user understanding of the
simulated concept (Ploetzner et al., 2008). To maintain an informative, yet simplified interface
we built our application around tables with info-graphics built into them which explained the
content (Figures 1 and 2). We also built counters into the tables (Figure 1) so users can easily
track how many animals have been selected or how many times a bull has been mated.

Figure 1. CowGames Version 1.5 Selection page with selected animals highlighted.

Figure 2. CowGames Version 1.5 Selection page cutout with hover over info-graphic.

Furthermore, we aimed to eliminate any need for pen and paper during simulation usage.
The breeding page is completely interactive by having the Bull table always shown, a drop-down
menu in each female row with all available bulls, and a checkbox for selecting pairs in which to
genomic test their calf (Figure 3).

Figure 3. CowGames Version 1.5 Breeding page with drop down bull menu, checkboxes, and
“sticky” bull information.

Standalone Application

https://cowgames.fun
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A particularly important aspect of the CowGames build is that it is completely standalone. A
user can login and play at any time with immediate feedback. The game logic is completely
built into the program so there is no need for a webmaster to play. This allows educators to use
the simulation whenever is most appropriate for their specific situation in the classroom or
extension field. This also gives added flexibility for students or other users to play on their own
schedule. This standalone build also decreases feedback time. A student finds out the results of
their decisions immediately in the Summary page (Figure 4). Finally, we felt it was important to
build educational scaffolding into our program. This is done by including information in the
simulation itself as well as information pages regarding breeding objectives and genetics
information. Finally, there are links to other resources if users would like more information. By
placing this information directly into the program, we can direct users to resources that will
enhance their learning. We feel this is particularly important for producers or non-student users
who may not have a classroom curriculum supporting their learning.

Figure 4. CowGames 1.5 Summary page with tabs showing Generation, Sire, Dam, and Calf
Summaries.

Illustration of Trait Relationships and Selection Methods

Another key feature of CowGames is the illustration of trait interactions. In the previous
CowGame, there were no limits to selection for very large calves. We corrected this by adding a
function which calculated the likelihood of dystocia based upon calf birth weight. The addition
of marbling illustrates a trait that is independent of growth to help reinforce the differences in
trait relationships.

The newly added multi-trait selection index was of interest to educators because they
noted it was difficult to illustrate how different selection methods can affect outcomes.
Sometimes students struggle with understanding why selecting for only one trait can be
detrimental.

Integration of Modern Technologies

Today’s cattle breeding operations, more than ever, are depending on modern technologies such
as genomic testing. Feedback from educators as well as students has indicated that more
concrete examples of how such technologies can improve an operation are necessary.
CowGames features an option to purchase Genomically Enhanced EPDs. This gives users the
ability to see how this affects accuracies as well as when such testing is most beneficial to a
herd.

Multiple Gaming Scenarios

A request for students to be able to play multiple “scenarios” was made during our pre-prototype
research. In CowGames, students can play multiple games, each with a different selection
method or breeding goal, then compare their results for each scenario on a Game Summary page.
This allows users to see the effects of different practices, such as, single trait selection compared
to index selection, or varying turnover of parents.
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Conclusion and future directions

Our aim was to create a flexible, educational, and user-friendly beef cattle breeding simulation.
Through versioned rollout of our CowGames simulation we have been able to deliver a product
for use in and out of the classroom. This simulation can be used by students, producers, or
anyone else with interest in cattle breeding. Our last planned addition to CowGames is a market.
Users will be able to sell animals for meat, offer them up for auction, or sell semen at the
market. This addition will satisfy requests made for an AI and revenue component. Following
the market implementation, we will continue refining and improving the simulation as we move
through educational testing this spring.
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