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Introduction 

Welding is a highly demanded skill as a welder deficit exists in the United States (Croy, 2016). The fabrication skill of welding is crucial in agricultural mechanics as well as many other industries (Stone et al., 2011a). As the shortage of skilled welders increases, the training must become more efficient in order to supply the demand (Croy, 2016). Byrd and Anderson (2012) suggested that training welders efficiently and effectively will be needed in order to manage the predicted deficit of more than 375,000 domestic welders in 2026 projected by Guerra (2018). Welding is a skill that demands extensive practice and training to develop, which is time consuming and costly (Wells & Miller, 2020). Augmented reality (AR) is an evolving form of educational simulation training (Yuen et al., 2011). 

As simulation technologies are advancing, they are rapidly emerging for training purposes in many different areas including welding, medicine, and first responder training: (Bliss et al., 1997; Byrd, 2014; Byrd et al., 2015; Cope & Fenton-Lee, 2008; Gallagher et al., 2003; Gor et al., 2003; Kilmon et al., 2010; Kneebone, 2005; Seymour et al., 2002; Wells & Miller, 2020). Using these simulation technologies, students are able to use augmented reality training to perform specific weld joint configurations (Wells & Miller, 2020). This training technology has the potential to enhance their skill development and their abilities to achieve precise welds (Byrd, 2014; Stone et al., 2011b)

With the limited studies of AR, the information gained would provide a deeper understanding to the retention of information that students create. AR is used to overlay the real-world environments with digital technologies (Yuen et al., 2011). AR has the potential to lead to improvement in the students’ performance overall as they are being assisted with training technology as opposed to traditional real-world training. These augmentations can serve to aid and enhance individuals’ knowledge and understanding of their environment (Yuen et al., 2011). Augmented reality training correlates to virtual reality training as they both utilize digital elements in order to teach students or to expand their knowledge in subject. 
 
Theoretical Framework  

The underlying framework guiding this study was constructed using the skill acquisition theory (DeKeyser, 2015). The development of skills is explained within three stages: 1) declarative, 2) procedural and 3) automatic (DeKeyser, 2015). The declarative stage refers to acquiring knowledge of a skill before attempting to accomplish it. This knowledge is acquired by observation, verbal instruction, a demonstration of the skill or a combination of these allowing for the learners to gain insight in the procedure for the skill. Following the declarative stage, the learner can transition their knowledge of a basic concept into action, known as procedural stage. This stage consists of practice to gain accuracy to successfully accomplish the task. After the procedural stage the learner would gain knowledge to transition into the automaticity stage (DeKeyser, 2015). This stage consists of the learner shifting their behavior to be consistent by rarely showing errors in their work (DeKeyser, 2015).  
Purpose  

The agricultural industry is evolving (Doefert, 2011) and we must continue to explore the impact of new technologies to advance the industry (Lindner et al., 2016). The purpose of this study is to identify the welding professional development needs of students enrolled in the Introduction to Agricultural Engineering course at Texas State University after completing an AR welding training program using Lincoln Electric’s REALWELD welding training system. This study aligns with the American Association for Agricultural Education’s National Research Agenda Priority Area 5: Efficient and Effective Agricultural Education Programs (Roberts et al., 2016). The research also aligns with the National Career and Technical Education research agenda objective 3.2.1 Innovative Instructional Technologies by providing technology to assess the welding parameters in the students (Lambeth et al., 2008). The objective of our study is to describe the differences in participants’ REALWELD welding parameter scores in arc-on and arc-off modes. 

Methods

Following the approval for our study by the Texas State University Institutional Review Board (IRB), we conducted this 4-week study that was replicated during the Spring 2021, Fall 2021 and Spring 2022 semesters. For this study we selected undergraduate students (n = 108) enrolled in the Introduction to Agricultural Engineering course at Texas State University. Three students’ involvement in the study was discontinued as they failed to complete all four training sessions. Prior to the start of the study, participants completed a paper-based demographics survey adapted from Wells and Miller (2020). The survey included questions pertaining to age, gender, dominant hand use for both general and welding activities, and prior welding, AR, or VR experience.  
 
​ As this is a part of a larger experiment, to develop this study we used a quasi-experimental design in which subjects were randomly assigned to one of three experimental groups. For the purpose of this study, we are only exploring the descriptive data generated during the Augmented Reality portion of the study. Participants from four labs were randomly assigned to three groups per laboratory section. Each student alternated through three different sequences: Virtual reality (VR, Lincoln VRTEX 360), Augmented reality (AR, Lincoln REALWELD), and live welding. Our lab times were scheduled from 1:00 pm to 2:50 pm and 3:00 pm to 4:50 pm. Participants did not have a full hour and fifty minutes for the training as time was deducted for demonstrations (approximately 15 minutes) and clean up at the end of lab. Each week a group was assigned a different training protocol based upon the sequence rotations. 

At the conclusion of all three weeks, the participants completed one additional week in which they completed single-pass 2F filet welds on ¼” mild steel coupons under to guidance of an independent American Welding Society (AWS) Certified Welding Inspector (CWI). During this live welding training, they were allotted a two-hour lab period to complete this sequence. At the ending of this rotation, participants submitted their best weld to an AWS accredited CWI for inspection and evaluation.   
 
For this research we are using the Lincoln Electric C300 Multi-Process welder connected to the Lincoln Electric REALWELD training system. The participants used the Gas Metal Arc Welding (GMAW) process which uses an automatically fed electrode that fuses metal together. Using the short-arc weld transfer process we used .035 wire and a 75% CO₂ /25% Argon gas mixture. The settings for the Lincoln Electric C300 were set at 18.0 V (voltage) and 250 ipm (inches per minute) wire feed speed. Material used was ¼” mild steel coupons. The participants completed a weld in the 2F welding position (T-Joint). 
 
Each welding parameter is scored by the percentage of time within the set range. The range of the parameters relates to the minimum and maximum tolerance values. The WPS is the centroid of the minimum and maximum parameters. Once the participant has positioned themselves, audial commands will correct their position until all five parameters are in the acceptable range. The overall score on the REALWELD is determined by the percentage of time that all five parameters are within the set tolerances simultaneously (REALWELD®, 2021).

Utilizing the Lincoln REALWELD training system to conduct the research, each participant completed four arc-off passes and three arc-on passes. Researchers created a detailed script for the introduction of the station to the participants to ensure consistent instruction was given to each group. This script did not change throughout the study. Within this script, for the AR training protocol, researchers demonstrated the function of the Lincoln REALWELD as well as techniques for welding and an explanation on the five parameters for scoring. We explained the differences between VR and AR. We also described the audial ques and what corrective actions need to take place once they are stated for each of the parameters. 

After our introduction we gave two demonstrations, using both the arc-off and arc-on modes. We performed two arc-off passes and one arc-on pass to familiarize the participants with the commands and the function of the machine. With one arc-off pass we demonstrated a low scoring pass. The second arc-off pass was a high scoring pass to provide the students an opportunity to hear the audio coaching difference since cues are only initiated as corrective measures when falling out of the tolerance range. The demonstrated arc-on pass was an example of an acceptable weld in the AR environment. Each participant was required to wear full welding PPE during arc-off and arc-on for safety and to mimic live welding conditions during the arc-off passes.  After the demonstrations we allowed the students to begin their passes.  Each participant conducted four arc-off passes and three arc-on passes, for a total of seven passes per participant per parameter yielding 306 passes recorded for each parameter.
 
Results

This study collected data from 108 participants, with the most frequent identifying as female (f = 53; 49.1%). The average age of the participants was 21.93 years (SD = 4.87). Most participants (85.2%) reported being right-hand dominant while completing most tasks, however, a larger portion (88.9%) reported being right-hand dominant while welding. The most frequently reported major was General Agriculture (33.3%), and majority of the participants were juniors (34.3%). The majority of students had never welded before (ƒ = 71; 65.7%). However, the most common welding process that students had prior experience with was Shielded Metal Arc Welding (SMAW) (f = 29; 26.9%), followed by GMAW (f = 19; 17.6%). The most common location where participants had gained prior welding experience was in their high schools Agricultural Education program (ƒ = 17; 15.7%) and their family farm or business (ƒ = 14; 13.0%).  95.4% of the students had no prior experience with virtual welding simulators. 96.3%  had no prior experience with the REALWELD, nor did they have a welding certification.. 

The purpose of this study was to describe the differences in participants’ REALWELD welding work angle, travel angle, CTWD, travel speed, and position scores in arc-on and arc-off modes. The mean arc-off score for Work Angle was 92.97 (SD=16.48) while the arc-on score was 88.55 (SD=22.04). The mean of the arc-off score for Travel Angle was 91.12 (SD = 15.97) while the arc-on score was 87.76 (SD = 18.76). The mean arc-off score for CTWD was 97.62 (SD=7.98) while the arc-on score was 87.42 (SD=19.01). The mean arc-off score for Travel Speed was 75.53 (SD=16.87) while the arc-on score was 78.19 (SD=20.56). The mean arc-off score for Position was 94.56 (SD = 15.03) while the arc-on score was 90.07 (SD = 21.13). The results of a paired-samples t-test revealed  significant differences between all five of the arc-off and arc on scores. 

Table 1

Parameter Scores for Arc On and Arc Off

	Cue 
	N 
	Mean 
	SD 
	t 
	p 

	Work Angle Arc Off
	306
	92.97
	16.48
	4.70
	<0.001

	Work Angle Arc On
	306
	88.55
	22.04
	
	

	Travel Angle Arc Off
	306
	91.12
	15.97
	3.68
	<0.001

	Travel Angle Arc On
	306
	87.76
	18.76
	
	

	CTWD Arc Off
	306
	97.62
	7.98
	22.37
	<0.001

	CTWD Arc On
	306
	87.42
	19.01
	
	

	Travel Speed Arc Off
	306
	75.53
	16.87
	-2.76
	<0.001

	Travel Speed Arc On
	306
	78.19
	20.56
	
	

	Position Arc Off
	306
	94.56
	15.03
	5.22
	<0.001

	Position Arc On
	306
	90.07
	21.13
	
	



Conclusion, Discussion, Recommendations, Implications & Limitations

For this study we focused on the GMAW welding process. The GMAW process has fewer operator-controlled variables than other welding processes allowing for beginner and novice welders to learn more easily (Rose et al., 2015). We selected the 2F position in order for beginning welders to quickly gain basic welding skills as 2F GMAW welding has been recognized as a less complex joint in novice welders (Stone et al., 2013). Our findings support Rose et al. (2015) and Stone et al. (2013) as participants were able to weld within the allotted ranges for four of the five parameters over 90% of their welds during arc-on but were only able to weld within range for position in the arc-off mode. Welding scores in the arc-on mode drop after transitioning from the arc-off mode in four of the parameters. This could be related to the increase of anxiety levels going from arc-off to arc-on. Byrd (2014) identified that novice level participants’ anxiety levels were triggered during the welding process. This could be from the perception that welding can be dangerous (Byrd, 2014). Byrd (2014) suggest that constructing a training method to reduce the participants anxiety would reduce the amount of time that is needed to train them in order for them to become efficient. AR is a possibility for this type of training as it could increase the confidence of students getting comfortable from arc-off to arc-on but with the same instruction commands continuing. 

It should be noted that the travel speed scores improved when transitioning from arc-off to arc-on. We suspect that this change was due to the visualization of the puddle forming in the arc-on mode. The improved travel speed scores can also be a representation of participants progressing through the skill acquisition theory. The students were able to advance their skill in this parameter as they were putting the skill into action by watching the fusion of the metal take place. As the participants acquired the knowledge of how travel speed is supposed to function, they were able to step into the procedural stages of executing the skill (DeKeyser, 2015).  However, the travel speeds in both arc-off and arc-on are well below the scores for the other parameters. We recommend participants continue to focus on improving their travel speed in the arc-off mode before transitioning to the arc-on mode. Participants should consistently score in the 90’s for all five parameters in the arc-off mode before advancing to the arc-on mode in order to reduce wasted consumables.  

A limitation within the study would be the amount of REALWELD machines available for participants to use. Groups of up to five students had access to one REALWELD machine which reduced the amount of individualized training the students received in this study. Additional machines would allow for more individualized training within the allotted time. For future research it is recommended to use different welding processes and joint positions. Furthermore, the skill acquisition theory states that adequate practice is essential to convert declarative knowledge into procedural knowledge (DeKeyser, 2015). We also recommend tightening the tolerance ranges for each of the parameters as student improve their welding skills. 
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