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Using Welding Simulators to Deliver Introductory Ag Mechanics Skills

Mechanical project design and metal fabrication has been acknowledged as a vital part of the agricultural education curriculum, however less than half of the teacher preparation programs currently offer instruction in welding or manufacturing (Pate, Warnick, & Meyers, 2012).  Agricultural science teachers have identified welding and other metal construction skills as vital to the certification program  (Lawver, Barton, Akers, Smith & Fraze, 2004).  Lawver, Barton, Akers, Smith & Fraze (2004) identified economic, time and space as prominent limitations in teacher education’s ability to properly prepare secondary instructors to teach metal fabrication.  Fewer and fewer students arrive in college with metal fabrication skills.  As universities reduce funding, encounter difficulty in hiring qualified staff to teach technical skills in metal technologies, and face the limitations of aging facilities, more emergent technologies have been embraced to fill the widening skills gap.  Virtual welding simulators are being tried as a potential tool for training pre-service agriculture teachers in metal fabrication at [the university].  [The university] Agricultural Leadership, Education, and Communications department has begun using the TeachWELD® welding simulator by Reality Works to offer an introduction to the skill of Gas Metal Arc Welding (GMAW).  TeachWELD® welding trainers are interactive welding simulators that allow for experiential learning.  The simulator allows for a safe and comfortable environment.  By utilizing a virtual welder, the students interact with the program in a space that is free from dust, smoke, and potential danger.  This is intended to lead to an atmosphere more conducive to beginner skill acquisition.  
The simulators are customizable. The numerous keys to the production of a high quality weld are arc length/stick out, travel speed, work angle, wire size, wire type, and travel angle.  These variables can be digitally removed if the student so desires.  Their removal allows the beginning welder to focus on a single aspect of the welding process at a time.  Following Skinner’s theory of chaining, beginning welders will be able to master the multi-faceted nature of welding one movement at a time, and then chain these movements together in a successful weld.  The current model for welding instruction requires the students to master all the variables in gas metal arc welding at the same time, and gain proficiency of all those variables simultaneously.  The believed fallacy with the traditional model is that this type of learning overwhelms the student.  Additionally, none of the welding skills are actually completely independent. As examples: a change in travel speed may require a change to work angle, and if the learner changes wire speed or voltage the required travel speed necessary would be altered. 
The TeachWELD® welding trainer allows for the selection of two modes, assessment, and practice.  In the assessment mode, the weld is graded based on norms established by the American Welding Society (AWS) for a high quality weld.  The system compares the virtual weld to this known standard. In practice mode that simulator allows for the addition of “dexterity guides.”  The guides provide real time feedback using visual cues, usually arrows, that allow the welder to gauge their current position and its relationship to the perfect welding position for each of the welding variables.   Constructive feedback, based on the selected parameters, is provided in a textual and a graphical manner when a weld is completed.  Each weld is recorded and may be replayed for review by both the student and instructor.  
Two welding simulators are currently being used by 20 students in a beginning agricultural mechanics course designed to highlight methods of effective teaching in ag mechanics. The students complete a self-paced set of activities to a predetermined mastery level.  The software (123-Certification Inc.) scores the welds based on the aforementioned AWS standards producing a series of charts and visual guides to help the student understand how to improve their technique. The recording of the weld can be reviewed by the student and instructor to identify areas for improvement. Fifty-one exercises are available in the program at three skill levels.  Instructors are available to the students during welding simulation should they need clarification or more direct instruction.  The simulator utilizes three joint templates, backed butt weld, T-joint, and lap joint.  The flat #1G and #1 F positions are available at this time.  Metals simulated are stainless steel, aluminum, and mild steel.  The student has a choice among three styles of Welding Torches/Guns, representing the major manufacturers in the industry, to use as a representation of their actions on the screen.  
Future plans are to implement a much more rigorous examination of the use of simulators to introduce the principles of GMAW to beginning welders.  The hypothesis is that the simulators will allow for more productive and economical use of traditional welding instruction with an actual welding machine.  Several outcomes have been anecdotally observed by instructors.  Learners seemed to master the GMAW process more quickly once transitioned to a traditional setting.  Once the student had mastered the simulation, they were much quicker to transfer those skills to performance in an actual GMAW welding lab.  The video game like interface has led to a lowered level of frustration among the students, a higher reported feeling of comfort, and lowered level of fear with the process.  Reductions in traditional welding booth time may lower the cost of consumables and wear on welding equipment inherent in beginning skill acquisition.  Several research plans have been proposed to examine the use of simulators as learning aids in welding instruction. Initial results are positive.  Simulators appear to aid in the mission of skill acquisition in agricultural mechanics, at both the secondary and post-secondary levels.  
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