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Reaching Adult Learners through Educational Games: A Focus on Integrated Pest Management Applications
Introduction/Need for Innovation
Integrated pest management (IPM) is not a new concept in the realm of crop pest control or agriculture education.  With the advent and cultural adoption of higher yielding cropping systems, new agriculture technologies, and an inflated demand for agriculture products, there is a great need for understanding and utilization of IPM strategies (Peshin & Dhawan, 2009).  IPM is defined by the United States Department of Agriculture (USDA) (2012) as “the implementation of diverse methods of pest controls, paired with monitoring to reduce unnecessary pesticide applications” (par. 1). The importance of IMP education and adoption has been well documented across the United States, but adoption of IMP practices has been slow; due in part to negative farmer perceptions and lack of understanding of IMP strategies (Dingha, Salifu, & Ojumu, 2009; Malone, Herbert, Pheasant, 2004; Robertson, Zehnder, & Hammig, 2005; Tackie, Jackai, Ankumah, Wilen, Lazaneo, Parker, 2011).  Giles and Walker (2009) point to the Extension Service as the primary educator of both farmers and the public of IPM methods and strategies.  Extension and agriculture educators must find appropriate techniques to instill a practical understanding of IPM strategies (Peshin & Dhawan, 2009).  Many tools ranging from educational posters to interactive websites have been developed to teach this complicated subject (Infante-Casella, Nitzche, Ingerson-Mahar, & Holmstrom, 2003; Resel & Arnold, 2010); however, there is still a lack of IPM knowledge and slow adoption of IPM practices. Wilen, et al. (2011) found that the general public has little knowledge of IPM.  Tackie, et al. (2009) discovered that farmers lacked understanding of IPM techniques.  

IPM Rummy and Pests versus Beneficial Insects are two innovative, interactive, educational activities developed to teach IPM content, develop IPM strategic analysis skills, and reinforce IPM information.  Birkenholz (1999) emphasized the effectiveness of using interactive discussions, games, and simulations when the overall goal of the teaching method is to challenge assumptions and improve the adoption of a new practice.  McKeachie (2002) noted that educational games are effective tools to promote problem solving and useful when getting the learners to challenge their own ideas and opinions.  Kumar and Lightner (2007) noted that interactive games enhance the adult learning environment when the game had a direct relationship to the content, clear instructions, and encourage interaction among the students.  Freitas (2006) found that when interactive games were used, students reported that the games and simulations made the material more fun, increased motivation to learn, inspired them to complete the program, encouraged interactive collaboration among learners, and overall positively affected the learning experience and retention of the information.   
How it Works
The interactive, educational games, IPM Rummy and Pests versus Beneficial Insects, provide an innovative, nonthreatening opportunity for students to learn and apply IPM knowledge and strategies.  Ota, DiCarlo, Burts, and Laird (2006) recommend that Extension educators utilize multiple teaching methods, including educational games, when teaching adult learners.  

IPM Rummy encourages student participation, application of IPM content, and employs IPM management strategies.  IPM Rummy is a modified rummy card game that utilized IPM specific playing cards.  Each playing card contains a specific IPM control strategy.  Examples include are trap crops, controlling nutrient levels, cultivations, pesticide application, biological control, and so on.  The class is split into groups, a deck of IPM control strategy cards are given to each group, and a scenario of a crop affected by disease, pathogen, insect, weed, or a combination of these pests is then presented to the class.  Each player evaluates his or her hand and chooses which control strategies best fits the scenario.  On their turn, the player must either draw one card from the top of the discard pile or draw one card from the stack.  The player must then evaluate and compare their control strategies to the scenario presented, and discard the least appropriate control strategy card.  The goal is to create the best “hand” for control of the pest presented in the scenario.  IPM Rummy encourages the transfer of learning of IPM management skills and strategies by allowing for discussion, application, and reflection.

Pest versus Beneficial Insects is a synthesis and review board game.  Throughout the game board, beneficial and pest insects are placed randomly.  The class is split into groups; each group receives a game board, pawns, and a dice.  One their turn, each student rolls the dice and moves his/her pawn.  If the pawn lands on a square marked by a picture of a pest insect, the player is sent back on the game board to a square that contains a picture of a plant damaged by the pest.  The player must then identify the pest and the damage that occurs via that pest.  If the pawn lands on a beneficial insect square, the player advances up the game board to another designated square.  To remain on that square, the player must identify the beneficial insect and answer a trivia question about that beneficial insect.  Trivia questions pertain to applicable facts about the insect; what makes it beneficial, how would a gardener or farmer acquire the insect, and so on. The winner is the first person to reach the end of the game board.  Pest versus Beneficial Insects provides an opportunity for interactive review and reflection of insect identification and management strategies associated with IPM.                      
Implications
These two interactive, educational games provide opportunities for student discussion and application of the material taught in IPM workshops and classes.  IPM Rummy can be supplemented with discussion questions that encourage deeper thought into the barriers and choices associated with IPM management.  Students must choose between control strategies, simulating the inevitable challenges that producers face when applying IPM techniques such as resource limitations, time limitation, and interactions between control measures. Pest versus Beneficial Insects provides review opportunities for students and requires the student to make connections between the insect and possible management outcomes.  Each game challenges preconceived opinions of IPM management and through interactive, competition fosters and appreciation and knowledge of IPM strategies in a non-threatening manner.
Advice for Others
Interactive games, such as the two mentioned in this paper, encourage participation from even the most disinterested students.  When using educational games, instructors need to take a few factors into account: the setup of the room needs to be conducive to small group learning, directions need to be clearly presented, and a connection between games and the class content needs to be established so that students recognize the purpose of the activities. Considering those factors, the two games presented are useful tools for application, review, and synthesis of IPM content and knowledge that allows for adoption of IPM practices.
Costs/Resources
The costs associated with these educational games are marginal.  Printing costs are associated with both the IPM Rummy strategy card deck and the Beneficial versus Pest Insects game board.  Other materials needed are multiple dice sets and markers to serve as pawns for students.
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