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Coal accounts for approximately 50% of the electricity produced in the United States today as shown in Figure 1 (Energy Information Administration, 2004). While the coal usage attributed for electric power generation decreased slightly from 2003 to 2004, the actual coal tonnage consumed in electric power generation actually increased by 10 million short tons in 2004 to a total of 1,015.1 million short tons (Figure 2) (Energy Information Administration 2004). In addition there were net exports totaling 20.7 million short tons of coal. These statistics are a small window into the importance of the coal mining industry within the United States and international economies.
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Figure 1: Electric Power Generation by Energy Source for 2003 and 2004 
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Figure 2: Electric Power Consumption of Coal by Region for 2004

Historically the mining industry is among the most hazardous working environments. Due to the fatalities and serious injuries year after year and the importance of fossil fuels to the country, the Federal Mine Safety and Health Act of 1977 (Mine Act) was passed, creating the Mine Safety and Health Administration (MSHA). The mission of the Mine Safety and Health Administration is “to administer the provisions of the Federal Mine Safety and Health Act of 1977 (Mine Act) and to enforce compliance with mandatory safety and health standards as a means to eliminate fatal accidents; to reduce the frequency and severity of nonfatal accidents; to minimize health hazards; and to promote improved safety and health conditions in the Nation's mines.”

In a study conducted by Fotta and Bockosh (2000) using injury and illness data reported to MSHA, it was revealed that from 1988 to 1998, the percentage of injured or ill older workers (45 or older) has been steadily increasing. The most notable increase occurred at coal mining operations where the proportion of injured/ill older workers increased from 24 to 44 percent. Accident statistics in coal mining (1968-1978) also indicated that being young and inexperienced leads to higher injury rates (Kowalski et al., 2001). These statistics suggest that there is a significant safety issue with both the older and younger worker in the nation’s mines. Currently older miners represent the majority of the mining workforce.

In his statement to the US House of Representatives Subcommittee on Energy & Mineral Resources (Committee) on July 8, 2004, Bruce Watzman, Vice President Safety, Health and Human Resources for the National Mining Association stated “[The mining industry] will need to replace a major portion, approximately 50%, of the underground coal mining workforce in the next 5 to 7 years.” At the time of this statement 58.3% of the coal mining workforce was above the age of 45, and only 3.4% of that workforce was under the age of 25 (Bureau of Labor Statistics 2004). As the older generation of miners retires and leaves the mines, mining operations will be faced with a significant gap in domain knowledge as well as a serious human resources gap, if the number of people entering the coal mining workforce does not increase significantly in the upcoming years. According to the Energy Information Administration (2004), the overall coal mine employment numbers will climb by nearly 10,000 new positions over the next 20 years, from 72,749 in 2004 to 82,103 in 2025 (Figure 3). This does not include the replacement of positions vacated through retirement or tragedy. 
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Figure 3: Anticipated Coal Mine Employment Rates

A recent review of the state of the mining industry conducted by Balfour Holdings, Inc. (2004) on behalf of the National Mining Association stated that “just as the demand for mining workers appears poised for expansion, the capability to provide new mining professionals has significantly deteriorated through the downsizing and disappearance of university degrees and other programs offering this very specialized education.” Additionally, in his speech to the Committee, Mr. Watzman suggested additional factors contributing to the pending shortages in the mining workforce, which include:

· A diminishing pool of human resources due to the relocation of people away from mining communities.

· Ever-changing production methods are raising the demands placed on employees.

· The increasing high technology environment requiring workers with advanced skills.

Mr. Watzman concluded his speech by saying, “How these skills will be gained in advance of employment is a continuous challenge.” This is precisely the challenge that MSHA is addressing in its pursuit of a formalized Section Foreman/Mine Supervisor Training Program.

Project Overview
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The 2006-2007 George Mason University (GMU) Immersion Project Team, has been tasked by MSHA to create a dynamic data driven training program for mine supervisors. Given the growing shortfall of experienced miners eligible to take on the role of supervisor and the safety and health concerns surrounding the coal mining industry, it is critical that current and new supervisors are thoroughly prepared for the role that they play in the mines. More specifically, supervisors in the nation’s mines are subjected to many if not more of the hazards that non-supervisory miners face and therefore they must be aware of how to perform their jobs properly, and they must learn to recognize and control the hazards in their work places. Currently however, mine supervisory training does not address the range and complexity of supervisory tasks. In addition, current supervisory training approaches are not compatible with new training theories, methodologies, and technologies. Supervisors need more effective tools and knowledge processes if they are to be effective team leaders. Effective leadership requires effective communication, problem solving, decision-making, and conflict resolution skills, and the ability to motivate people.

The goal of this project is to examine and validate the mine foreman/supervisor Job Task Analysis (JTA) developed by MSHA in cooperation with the U.S. Navy, and to transition this JTA to an effective and efficient training strategy for mine supervisors. This training strategy will be based on state-of-the-art instructional design principles, processes, and learning technologies, in order to help mine supervisors achieve the required knowledge and skills to carry out their jobs effectively and efficiently.

While the scope of this project is to primarily address the training need for current and new coal mine supervisors, MSHA anticipates that this data-driven training strategy will be utilized to address the training needs of all miners. MSHA also anticipates that States, mining associations, mining schools, private contractors, and individual mine operators will also benefit from this training strategy. It is envisioned that the eventual full-scale implementation of this training strategy will result in improved mine productivity; reduction of maintenance costs; and an improved safety record of the nation’s mines.

Project Goals

In order to develop this training strategy, the specific project goals include:

1. The development of 6 course lessons with learning outcomes/objectives and assessments representative of all job steps as defined by the generic JTA to allow a Mine Supervisor to demonstrate academic proficiency for certification purposes.

2. The six course lessons will include Duty 6 (Arrive on Section), Duty 8 (Conduct On-Shift Examination), Duty 9 (Conduct Pre-Shift Examination), Duty 10 (End Shift), Duty 11 (Emergency and Unusual Situations), and Duty 12 (Training Responsibilities).

3. The development of the 6 course lessons will utilize the duty specific JTA developed during 2005-2006 and will be contingent on the acquisition of appropriate lesson content related to those duties. Hence additional task analysis may be needed to ensure the comprehensiveness of each duty. This task analysis will require meetings with SMEs and access to training content.

4. Provide a timeline (semester –based) with milestones and deliverables (course lessons) that will be developed, tested, and validated) during each semester.

5. GMU students will utilize a state-of-art Learning Content Management System (LCMS) tools known as “Workforce Connections” to create, manage, test, validate, and deliver the course lessons to the representative population (test class) of Mine Supervisor students.

6. A Workforce Connections instance will be provided for GMU student use by MSHA in support of the development of the curriculum objects representative of the Mine Supervisor course (12 lessons).

7. Workforce Connections training, initial and on an as needed basis will be available to support the GMU students.

8. The Mine Supervisor prototype presentation layer (look and feel) will comply 100% will all American’s with Disabilities Act, Section 508 conventions as required by OMB.

9. All curriculum objects developed representative of the Mine Supervisor training will include the required metadata tags to achieve SCORM 2004 compliance.

10. All instructional strategies, Terminal Learning Objectives (TLO) and the Enabling Learning Objectives (ELO) will be cross referenced in a separate matrix with the assessment strategies and individual test items to effectively validate proposed instructional approaches.

The above project goals will be implemented in two phases. Phase 1 will address the development of training material relating to Duty 9 (Conduct Pre-Shift Examination) and Duty 11 (Emergency and Unusual Situations). Phase II will focus on Duty 6 (Arrive on Section), Duty 8 (Conduct On-Shift Examination), Duty 10 (End Shift), and Duty 12 (Training Responsibilities). 
Needs Analysis


A needs analysis is the process of determining the root-causes of measured gaps in human performance. One or several needs may be identified and their priorities ranked according to importance. These fundamental needs establish a firm starting point for the instructional design process. 

The 2005 Needs Analysis
The 2005-2006 project team conducted a needs analysis to define the scope of the training requirements of coal mine foremen/supervisors. This needs assessment was conducted using the following processes and methods:

· A review of extant data sources (see References section for list of sources)

· Interviews with Subject Matter Experts (SME)

· A survey of Mine Foremen/Supervisors and Mine Foremen/Supervisor candidates

· The analysis of the Job Task Analysis (JTA) Mind Maps for the job of Mine Foreman for both Excel Mining and CONSOL Energy.

Extant Data Sources

The 2005-2006 project team conducted a review of nearly 50 sources of existing information including industry publications, websites, and DVD/videos. These sources provided information on the current and past conditions of the coal mining industry, federal and state regulations governing the industry, the training and certification of miners and mine foremen/supervisors, and the aging mining workforce. In addition, they engaged many human resources during this phase of this project.

Stakeholders

Jim Baugher, the Management Program Analyst and Educational Policy Analyst for MSHA, was the primary stakeholder and a subject matter expert for this project. The 2005-2006 project team met with Mr. Baugher on September 15, 2005 for an initial interview. He asked them to address the need to formalize training for coal mine supervisors and anticipated that this training strategy will be utilized to address the training needs of all mine supervisors. The key issues essential to the task were the constant changes that occured in the workplace environment, most training occured on the job, and human resources were not available or adequate to meet the needs of MSHA-directed hiring requirements for supervisors. A summary of the initial interview with Mr. Baugher is included in Appendix A.

Subject Matter Experts

The 2005-2006 project team conducted interviews with Subject Matter Experts (SMEs) to gain a better understanding of the state of mine foreman/supervisor training. Mr. Baugher provided the following individuals as subject matter experts:

· Mr. Gene Williams, Mine Manager for Excel Mining

· Mr. Gerald Nicholson, Corporate Trainer for CONSOL Energy

· Mr. Frank Linkous, Director of Mines for VA Department of Mines, Minerals and Energy

· Mr. Jerry Vance, Educational Field Services for MSHA

During the interview each SME was asked the following questions:

1. What are the challenges and difficulties related to training in the coal mining industry?

2. What’s working well in current mine supervisor training programs?

3. If you had a wish list for mine supervisor training, what would it include?

4. Please list the necessary qualities of a mine supervisor. If you had to rank these qualities, where would you start?

5. Can you suggest additional people or resources that we should contact or access regarding the training of mine supervisors?

A summary of the interview results is discussed in the findings section. The complete interview responses are located in Appendix B.

Learners

In order to get an accurate picture of the learner (target) audience the 2005-2006 project team developed a mine foreman/supervisor survey. This initial survey sought to gather data regarding, demographics, job experience, technology experience, training experience, and foreman skills and tasks (see Appendix A). In addition, the survey provided an open response question that asked the learner to cite additional training that would be helpful in supporting their day to day activities. To date twenty-seven learners were surveyed.

The 2006 Needs Analysis

The findings of these data collection methods were analyzed and synthesized by the 2006-2007 project team to construct this needs assessment. Below are the findings that include, the current state of mine foreman/supervisor training, the learner audience, the knowledge and skills that are required and lacking by the learner audience, and based on these findings a training solution system will be proposed to address these discrepancies.

Findings: Current State of Mine Supervisor Training

Aging Workforce and Knowledge Transfer

SME interviews, extant data sources and survey responses highlighted the issue of the aging workforce in the mining industry. The last hiring surge spanned approximately 20 years through the 1970’s before ending in 1982, when the coal mining industry experienced a downturn in production and interest in mining as a career. Currently, it is estimated that more than 50% of the current coal mining workforce is at or nearing retirement age resulting in a shortage of coal mining personnel in general, but more specifically, it has created a lack of qualified mine foremen/supervisors. Because foremen/supervisors are essential to the safety and productivity of the mining industry, prior to becoming a foreman/supervisor, candidates for the position must have the requisite years of experience and the knowledge and ability to pass a certification examination.

Accompanying the issue of the aging workforce is the transfer of coal mining knowledge from the aging workforce to younger miners of the newer generations. One of our data sources (NIOSH Information Circular 9474, 2004) states, “Of present major concern in the mining industry is how to provide appropriate training for an aging workforce and concurrently develop training for the expected influx of new and less experienced miners as older workers retire.”

The extant data that the project team has reviewed supports evidence of the resurging demand for coal as an energy source. With projected production of 1.14 billion tons, coal mining companies are challenged to increase recruiting efforts to bulk up the work force and to develop training programs to prepare these new miners to replace the soon-to-retire miners. CONSOL Energy, for example, has re-instituted an updated version of its “red hat” program that pairs new miners with more seasoned miners to teach them the tools of trade and how to stay safe underground (Nightline, 2005) This program aids in facilitating knowledge transfer, as well as rehiring retired foremen/supervisors to work part time and as instructors for training programs. The company has also developed its own supervisory training program which consists of three training modules including two levels of supervisory skills development and a workshop specifically for managing a mine.

In addition, developments in technology have allowed the mining industry to do more work with fewer workers. Technology will also be an integral part of knowledge transfer training delivery. The newest miners belong to Generation Next and are cyber literate. “Nexters expect technology to be used in training if possible and also expect the trainer to be comfortable and competent in its use” (NIOSH, 2004).

Certification, Training and Education

Mine foreman/supervisor certification and refresher training tools and programs have a crucial role in the training and education of foremen/supervisors and miners seeking supervisory positions. This training focuses primarily on educating this population on the performance of duties related to and mandated by federal and state regulations that govern the safety and health of the mining industry. In addition to certification, management/leadership skills training as well as training programs that utilize the JTAs have begun to take on a greater emphasis. As our SME interviews and extant data revealed, individual mining companies are approaching the challenge differently.

Due to their economic constraints, a number of smaller mining companies use outside educational resources to provide training opportunities to foremen/supervisors and miners seeking supervisory positions. These economic constraints prevent small companies from developing their own extensive training programs, as well as inhibit their ability to send personnel to training sessions during normal workday hours. Evening courses at area colleges and universities as well as continuing adult education classes at local high school facilities, aid in education and certification. Some of these programs include, but are not limited to, certificate and degree programs in mining engineering, which concentrates on the various steps involved in mineral extraction, geological sciences and geography. Some programs also integrate management courses and the development of leadership skills.

Larger mining companies have developed their own comprehensive training programs for foreman/supervisors and miners seeking supervisory positions. Some of these companies, such as CONSOL Energy and Excel Mining, use the JTAs in their instructional programs. A mine manager from Excel Mining reported that using the JTAs provided a more detailed training environment. During training, the JTAs present a visual reference tool to ensure that vital procedures are not missed when foreman/supervisors perform critical tasks. In addition, different operators, such as continuous miner and shuttle car operators and drivers are brought in to explain their jobs. These operators also use the JTAs as a reference tool to more carefully detail the tasks included in their jobs while they explain it to foremen/supervisors in training.

There is also an emphasis being made by larger companies to incorporate management skills into their curriculum. A corporate trainer from CONSOL Energy reported that management development and communication courses are essential in providing soft skills training to foremen/supervisors and miners seeking supervisory positions. These skills are necessary to gain credibility and trust of those being supervised. The importance of management skills was also stressed by the Director of Mines for the VA Department of Mines, Minerals and Energy.

Survey Findings

As mentioned earlier, a survey was conducted of Mine Foremen/Supervisors, referred to as “learners” for the purpose of this analysis. The 27 learners surveyed to date all attended training provided by CONSOL Energy. This survey gathered data regarding basic demographic information, assessed the learners’ comfort with the use of targeted technology/software packages, and sought the learners training delivery preferences.

General Demographics

All respondents surveyed were adult males. The age of respondents was distributed across three age ranges: one third of respondents were 20 – 30 years of age, one third of respondents were 31 – 50 years of age, and one third were 51 years of age or older. The educational level of the learners span from High School Diploma through Advanced Degree, one learner did not respond (Figure 4).
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Figure 4: Educational breakdown of survey respondents
The learner’s job experience is also varied. Of the learners that responded with 1-3 years of mining experience prior to moving to the position of section foreman, their years as a foreman are distributed evenly across the < 1, 1 - 3, and 3 - 5 years as a section foreman categories. Conversely, miners that were miners for > 5 years have also primarily been section foreman for > 5 years. This is representative of the slow down that the industry experienced during the 1980’s and 1990’s. During this time there was a hiring freeze in the industry and miners had fewer opportunities for advancement. Today miners are advancing more quickly as is represented by the learners with 1 - 3 years experience as a miner prior to promotion (Figures 5 & 6).
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Figure 5: Years a miner prior to promotion
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Figure 6: Years as a mine supervisor

Technology Comfort Level

In order to determine the appropriate technological training options, the survey asked learners about their access to the Internet and to rate their comfort level with four (4) types of computer based tasks: Navigating the Internet, Word Processing, Email, and the use of Interactive CD-ROM. One hundred percent (100%) of respondents reported that they had access to the Internet either at work or at home or both. Figure 7 shows that a majority of the learners are comfortable with the technology tools included in the survey. In addition, the results of the survey also support the NIOSH findings that the older workforce nearing retirement is not as comfortable with computer-based technology (Kowolski, et al., 2004) learners age 51 and older listed themselves as somewhat comfortable or uncomfortable.
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Figure 7: Mine supervisor technology tools comfort level

Training Preferences

While our learners, overall, expressed a comfort level with technology, their training preferences focused on more traditional forms of learning. As displayed in Figure 8, Instructor Led Classroom Training and On the Job Training tied for first place among nearly eighty percent (80%) of all respondents. Only ten percent (10%) of respondents indicated a preference for Online Training and CD-ROM Training respectively. These results are in line with the training preference findings of NIOSH that state that learners within the mining industry do not tend to follow the training preferences of their generational peers in other industries.
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Figure 8: Mine supervisor training delivery preferences

Survey Conclusions

In the SME interviews it was stated that mine supervisor candidates often did not have a strong formal education and in some cases illiteracy is a challenge when conducting training. This is one stark difference between the findings of the SME interviews and the survey results, as the results of the survey showed all participants had a High School Diploma or greater.

The 2006-2007 project team is working on gaining access to a broader group of learners to administer the survey. This population of survey respondents came from a large underground coal mining company with vast resources. As a result, the educational achievements represented by these respondents may not be indicative of the educational levels throughout the industry.

In addition, given the learners access to computers and their comfort level with technology, the 2006-2007 project team has adjusted the survey to assess whether learners currently prefer instructor-led classroom training and on the job training to electronically based training because they do not have experience with technology driven forms of training.

Learner Analysis

Based on the extensive literature review, SME interviews, and survey results presented above, the team compiled a learner analysis. This learner analysis includes the general and specific characteristics of the learner audience, as well as a proposed set of learner roles that the training solution system will target.

General Characteristics

The mining industry as a whole and coal mining in particular is facing a shortage of experienced miners to fill the role of foreman/supervisor. Our primary target audience is comprised of novice mine supervisors with less than 3 years supervisory experience and experienced miners with the requisite regulatory years of underground mining experience. Regulatory requirements vary by state. Overall, the learners are adult male and female underground coal miners and underground coal mine supervisors with a range of underground coal mining experience. These individuals belong to the following generational groups—Baby Boomer (born between 1943 and 1960), Generation X (1960-1980), and Generation Next (1980-2000). These generational groups have diverse learning preferences. Baby boomers prefer classroom training that includes working interactively with other trainees. Generation X learns well independently. They want to be involved with what they are learning, utilize visually stimulating training materials that contain few words, and seek feedback on their use of skills (NIOSH, 2004). Generation Nexters have a preference for working in groups and expect technology to be used in training. Nexters require structured and formalized training to be most effective (www.trainingmag.com, 1999).

Specific Characteristics

Through our extant data review, SME interviews, and survey instrument several specific learner characteristics became evident. These include educational and training requirements, communication and attitudinal characteristics, and a set of learner roles.

Educational or Training Requirements

The educational background of the learner audience ranges significantly from some high school education through advanced collegiate degrees. Miners seeking promotion are required to complete a Mine Supervisor Certification program prior to being promoted. Miners pursuing promotion are generally motivated to seek out the additional qualifications required by state and federal law to advance to the position of mine supervisor. Additionally, miners working toward the requisite experience levels may take advantage of a supervisor training program as a means to advance their knowledge and improve their chances for advancement at the first opportunity.

Communication and Attitudinal Characteristics

Through interviews it was emphasized that mine supervisors must possess a modicum of soft skills prior to taking on the role of supervisor. It is essential that a supervisor can assess not only the technical capabilities of their workforce but also their attitudinal state. In addition, supervisors need to be accessible to miners when problems arise. The following set of communication and attitudinal characteristics were emphasized by our Subject Matter Experts:

1. Approachable, rapport with mine operators, already cognizant of miner needs, but not fully comfortable with the potential role of managing former co-workers

2. Good communication/listening skills, fluent in technical terminology

3. Untested phone or written communication thus far; fluent in technical terminology and colloquial jargon

4. Excellent written and verbal communication skills but lacking in colloquial jargon

Roles

The available data suggests that ideal candidates for mine supervisor training are either miners with more than three years experience or new mine supervisors whose practical experience is not fully commensurate with the demands of the job. Multiple data sources show that for a miner to be considered experienced, he or she must have worked in an underground mining environment for 12 months to 5 years dependent upon the state the miner is working in. In addition to job longevity, certification may be required for a miner to be designated as experienced: the Colorado Mining Association states that a miner with 1 year of mining experience may be declared an experienced miner after completing an MSHA-approved training program for underground miners. Educational background varies greatly for experienced and intermediately-experienced miners.

The survey results suggest that new mine supervisors are more likely to have attained a higher degree of than their older colleagues or experienced miners. The survey results also suggest that new mine supervisors are relatively young and belong to the Generation X and Generation Next groups. The audience is comprised of three personas. The audience is those individuals that receive the most direct benefit from training. This includes:

1. Miner with 1-3 years experience

2. Mine supervisor seeking refresher training (professional development)

3. Training professional

Findings: Optimal State of Mine Supervisor Training

It was revealed during the SME interviews that the desired abilities in a foreman/supervisor fall into two distinct categories, task performance and leadership/knowledge performance. Task performance includes operational checks that a foreman/supervisor should perform during the course of a workday. Foremen/supervisors are subjected to many, if not more, of the hazards that non-supervisory miners face and therefore they must be aware of how to perform their jobs properly and they must learn to recognize and control the hazards in their work environment. These skills are task-related and are outlined in the JTAs. They are listed below in order of importance as stated by a MSHA subject matter expert:

Task Performance:

1. Make sure the mine areas and crews are safe.

2. Examine conditions of the mine (roof strata, seams, roof control and ventilation plans).

3. Make sure crews have all necessary tools, safe equipment and supplies.

4. Make sure that the crews had proper training to do their jobs (train the operator or make sure they get training).

5. Make sure that crew members are performing their jobs in a safe manner.

In addition, a number of qualities/skills are desired in foremen/supervisors other than the ability to do the required operational checks. Leadership/knowledge performance includes skills that a foreman/supervisor should demonstrate. Leadership skills entail the ability to develop, grow and motivate the people being supervised. Good communications skills are needed to pass on information to mine staff in layman's terms and listen to mine personnel and understand their needs. The ability to problem solve is critical when encountering unknown and situationally-dependent problems. A complete and thorough understanding of the federal regulations governing underground coal mining is necessary to maintain safety and health. Efficient and effective planning skills are vital in the preparation of the foreman/supervisor workday. These qualities/skills are listed below in order of importance as stated by a MSHA SME:

Leadership/Knowledge Performance:

1. How to listen and communicate effectively.

2. How to be good problem solvers.

3. An understanding of the required state and federal mining regulations as well as company policy.

4. How to plan efficiently and effectively.

5. How to motivate different types of people to work.

The combined skills included in task and leadership/knowledge performance provide supervisors with more comprehensive tools and knowledge processes to be more effective leaders. Effective leadership requires effective communication, problem solving, decision-making, and conflict resolution skills, and the ability to motivate people.

Task Analysis


A task analysis is the process of analyzing and articulating the learning you want the learner to know how to perform. In addition, the task analysis documents the knowledge and information needed by the performer to carry out the job effectively, as well as the type of content that should be included in the instruction. Task analysis helps determine the instructional goals and objectives of the project, and consequently, identify effective instructional strategies needed to train someone to perform the job.

The 2005 Task Analysis

The 2005-2006 project team conducted a job task analysis to break down the mine supervisor job duty into its component tasks, and then further divide it into the steps and sub-steps required to complete the job. They began the analysis process by reviewing the diagrams, called the job task analysis (JTA) spiders, created by CONSOL Energy and Excel Mining that identify and describe the duties performed by coal mine supervisors at the respective companies. Using both sets of JTA spiders as a foundation, they (with assistance from subject matter experts), developed a set of generic JTAs that represent the high-level duties performed by underground coal mine supervisors in general. Current mine-specific JTAs are not representative of the mine supervisory tasks across the industry, hence the need for a generic JTA. The job was then categorized into twelve top duties, and each duty was assigned a rating which was used to prioritize the most significant steps in regard to safety factors. The outcome of the job task analysis resulted in a generic JTA that provided a comprehensive representation of the complexity of the section foreman/supervisor job. This new generic and streamlined JTA revealed 12 top level supervisory duties developed by the 2005-2006 project team that describe the job responsibilities of mine supervisors overall.

Next, they conducted a cognitive task analysis to identify the cognitive skills that are needed for task performance, including the knowledge, mental processes, and decisions that are required to execute tasks. With the cognitive task analysis method, the 2005-2006 project team was able to separate the 12 high-level duties of the generic JTA into two rule-using categories, procedural and principle. Procedural rule-using tasks (duties 1-10) are those that follow a set of predefined steps to ensure that all components of that task are completed properly. This requires recalling a large body of interconnected facts. Principle rule-using tasks (duty 12) are actions that can be converted into “if-then” situations. During an additional analysis of duty 11, emergency and unusual situations, it was determined that this task requires problem-solving skills, as the composition of an emergency situation is ill-structured and may contain unknown and situationally-dependent problems that have multiple correct solutions. They also determined that the overall job of a supervisor requires problem-solving skills.

They then conducted a learning hierarchy analysis to determine which lower level skills needed to be mastered before higher level skills can be learned, in order for the learner to successfully achieve the learning outcomes. Finally, using the results of the task analyses, they wrote the learning outcomes that stated briefly and clearly what the learner should be able to do as a result of training. The overall supervisory job, which is the terminal objective of the supervisory training, has been identified at the problem-solving level as a result of the cognitive task analysis. Problem solving is the highest level of the learning hierarchy. The twelve duties in the generic JTA were identified as rule-using level, procedural or principle. Figure 9 identifies the highest level of the learning hierarchy. It shows that a supervisor must know how to accurately perform the twelve duties before being qualified to carry out the supervisory job. Figure 10 represents the 12 duties at the rule-using level and how the overall supervisory job is problem solving
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Figure 10: Supervisor Skills Matrix
The learning hierarchy analysis helped the 2005-2006 project team identify and order the learning objectives and their prerequisites, as well as informed their instructional strategy and design approach. 

The 2006 Task Analysis

The goal of the 2006-2007 project team’s task analysis is to gather information on content for the supervisor training, analyze how it can be structured to address the cognitive skills the learners will need to perform the job, and the best way to present the content for learning to occur. To begin this process, the 2006-2007 project team conducted a content analysis and an information processing analysis.

Content Analysis 

Formative Evaluations of Prototype 

The 2006-2007 project team began its task analysis by conducting a content analysis on the training prototype developed by the 2005-2006 project team, as well as gathering additional information from subject matter experts (SMEs) and extant data, or non-human sources. We first analyzed prior content by sending out the prototype and a survey to mine industry personnel to evaluate. 

The 2005-2006 project team conducted formative evaluations of the prototype using SMEs at the National Mine Health & Safety Training Academy and the TTAC Immersion team. The 2006-2007 project team conducted additional formative evaluations with the following SMEs: 

· Mr. Gerald Nicholson, Employee Development and Training, Consol Energy 

· Mr. David McCullough, Training/Development Coordinator, Consol Energy 

· Mr. Hershiel Hayden, Jr., Mine Inspector, Virginia Department of Mines, Minerals & Energy 

· Mr. Frank A. Linkous, Chief, Division of Mines, Virginia Department of Mines, Minerals & Energy 

These experts reviewed the modules and validated the course content, objectives, and test items, as well as navigational and functional aspects of the system. Evaluation results are compiled in Appendix A. 
Instructional Content 
All of the SMEs agreed or strongly agreed that the training prototype’s content accurately reflects the duties performed by underground coal mine supervisors. One out of four of the SMEs commented that the content would be appropriate for training “old supervisors” as well as new coal mine supervisors. 

Ease of Use 
Two out of four experts felt the navigation between modules was difficult and that the quality of the graphics and videos used should be “larger” and have “better quality.”

Overall Impressions 
All experts agreed or strongly agreed that the overall design of the training prototype was appealing. All agreed or strongly agreed that they would recommend instruction based on this prototype to others in the Mine Safety industry.

What they liked most about the training prototype:

· “[An] Organized, focused approach. Concept can be expanded to the many relevant training needs and subjects for mine foremen.”

· “Design and ease of use. Good layout.”

What they liked least about the training prototype:

· “Terminology and answers to questions…some answers too vague.”

Suggestions for improvement:

· “Better selection of answers.”

SME Meetings 

Next, we with subject matter experts Paul Bizich (MSHA Supervisory Mine Safety & Health Specialist) and Don Conrad (MSHA Mine Safety & Health Specialist, Educational Field Services) to discuss the training prototype designed by 2005-2006 project team and walk step-by-step through the interface to obtain additional feedback on usability and lesson content. Their comments revealed several new perspectives on the training:

· Section foremen need to know the laws.

· In the eyes of coal mining companies, production is always the first priority. To MSHA, safety is the first priority. 

· When production isn’t aligned with safety, people tend to think of them as two separate aspects. In fact, safety, production and maintenance are all included in the JTAs. 

· The JTAs are On-the-Job Training (OJT) aids and teaching outlines for experienced supervisors to train new supervisors.

· Miners are taking the spiders into the mines with them.

· Miners use the MSHA website to verify the training they receive on the job. 

· Interconnectedness (links within modules) is an asset to the program (prototype). 

· The content included in the training prototype is too basic. Much of the information a miner should already know prior to becoming a mine foreman, therefore content should be at a higher cognitive level.

This additional information led us to re-analyze the JTAs, the steps involved with each job duty, and how they might be incorporated as an integral part of the training. 

Analyzing the JTAs 

Like 2005-2006 project team, we also analyzed the JTAs to understand the intricacies of a mine supervisor’s duties. Whereas the 2005-2006 project team used the mine-specific JTAs from the CONSOL and Excel mine companies as a guide, Bizich and Conrad had a more recent JTA they developed for P&M Mining Company. Their input helped us refine the Pre-Shift Examination JTA, as well as expand on or refine JTAs for the following duties identified in this year’s Statement of Work: 

· Arrive on Section 

· On-Shift Examination 

· End Shift 

· Emergencies and Unusual Situations

· Training Responsibilities 

These refinements required revisions to the Generic JTA developed by 2005-2006 project team (See Appendix B). The revised Generic JTA included in the Appendix has only the six duties visible that are slated for development this year. 

According to our SMEs, miners are using the JTAs as job aids to take down into the mines with them. Also, it was determined that miners should already possess the prerequisite knowledge on how to perform the basic level tasks addressed in the learning prototype. Therefore, it was determined that instructional emphasis needed to be placed on problem-solving skills, or, why the supervisors needed to perform the steps outlined in the JTAs and the fatalities that could happen if they did not. This would address the more covert mental processes that occur on the job. 

Information Processing Analysis 

An information processing analysis (IPA) is used to reveal the thought processes experts use to complete a task. IPA focuses on existing human performance and views cognitive task performance as a sequence of operations and decisions that can best be analyzed by observing a competent performer complete the task (Jonassen, 1999). The 2006-2007 project team used this method of task analysis to clarify the learning hierarchy analysis conducted by 2005-2006 project team, and to identify the content and instruction sequence by observing and interviewing mine industry subject matter experts.

Subject Matter Interviews 

The following individuals were provided as additional SMEs, the majority of whom the 2006-2007 project team was able to conduct one-on-one interviews with at GMU, at the TRAM conference or during our tour of Cumberland Mine: 
MSHA SME’s 
· Mr. Paul Bizich, Jr., Supervisory Mine Safety & Health Specialist, National JTA Coordinator, USDOL, MSHA 

· Mr. Donald Conrad, Mine Safety & Health Specialist, USDOL, MSHA 

· Ms. Sharon Cook, Educational Field Services for MSHA 

· Mr. Jerry Vance, Educational Field Services for MSHA 

· Mr. James Young, Educational Field Services for MSHA

Private Mine Company SME’s 

· Mr. David McCullough, Consol Coal Company 

· Mr. Michael Konosky, Senior Safety Representative, Cumberland Mine 

· Mr. John Dzurino, General Manager, Cumberland Mine 

· Mr. Bob Williams and Mr. Vinny Shulz, Cumberland Mine 

· Mr. Terry Chapman, Coal River Energy

Mining Industry Professional/Consultant SME’s

· Mr. Mike Rutledge, Safety Instructor and Mine Rescue Trainer, WV Office of Miners Health, Safety and Training 

· Mr. Tom McCloud, Bobby Calhoun & others, National Institute of Occupational Safety & Health (NIOSH) 

· Mr. Mark Kilkenny, Cooperative Instructor, Kilkenny Safety 

· Mr. Kevin Betner, Retired State Inspector, State of West Virginia 

· Mr. Tyrone Coleman, Manager for Safety, International Coal Group 

· Mr. Steve Cox and Willie Barker, West Virginia Office of Miners’ Health and Safety Training 

We met with these experts and received their feedback on last year’s training prototype as well as a second iteration of the prototype. They conveyed their opinions on what would be the best approach for mine supervisor online training. Some of their comments included: 

· Start from simple exercises to more complex ones 

· The multiple-view JTA is a good approach 

· Create scenario driven lessons that emphasize why something happened because of a safety and health issue that was violated 

· Include audio narration in training 

· Make mine supervisor training engaging, interactive, and activity-based 

· Connect mine supervisor training to certification and re-certification 

· Connect mine supervisor training to safety regulations 

· Gear mine supervisor training to small mines 

· Provide training materials for trainers (train-the-trainer concept) 

· Emphasize the use of the JTAs as a training tool 


SME Information Analysis
Our next task was to synthesize this wealth of information and analyze how we could best present it contextually based on last year’s task analysis and what we knew about how our learners liked to learn and process information.

Based on the SME feedback, the project team identified several areas prominently addressed in the Title 30 Code of Federal Regulations (30 CFR) of the Federal Mine Safety and Health Act of 1977. 

They are:

· Fire hazards

· Dust control

· Roof and rib

· Guarding

· Ventilation

· Recordkeeping

· Clean Up (general housekeeping)

· Maintenance

These are the areas in which mine supervisors are most likely to encounter problem-solving scenarios where they will need to recall laws as well as procedures to resolve the problem

Analyzing the Content
Given that the training prototype included preliminary content for the Pre-Shift Examination and Emergencies and Unusual Situations duties, we conducted additional task analysis on these two duties, which included: 

· Continuing to review extant data.

· Analyzing the strategy of aligning the JTAs with the 30 CFR and the instructional topics

· Researching content for the lessons identified previously.

· Analyzing the current training prototype user interface to fit with new JTA and Scenario alignment. 

This additional analysis revealed the need to examine the content from a procedural as well as problem solving perspective. Following up on last year’s hierarchical task analysis, we expanded on the procedural, principle and problem-solving skills used by supervisors. We realized that to instill the three priorities of production, safety and maintenance, they each needed to form an interconnectedness in the training that would allow the supervisor to attach more meaning to the procedural parts of his job (JTA) and the principle and problem-solving parts of his job (“if- then” situations).

Since the procedural tasks follow a set of pre-determined steps clearly outlined in the JTAs, we determined that these steps could be provided as job aids or “just-in-time” support to the learner, thereby avoiding cognitive overload and providing the learner the opportunity to focus on the problem-solving aspects of the training. Emergencies and Unusual Situations has both procedural and problem-solving attributes that must be adhered to, depending on the task, so therefore it resides in both categories. In this framework, skills are more fluid and interconnected and each is dependent on the other to ensure a high level of performance.

To accomplish this we re-tasked last year’s Supervisor Skills Matrix (Figure 10) and developed a new, problem-solving skills matrix (Figure 11) that encompasses all of the supervisor’s procedural duties, but also includes content that could be interconnected with the job steps in each duty’s JTA.

	OVERALL JOB PERFORMED BY SUPERVISORS

	Requires Procedural Rule-Using Skills
	Requires Principle Rule-Using Skills

	Duty 1: Self-Assessment and Personal Fitness
	Fire Hazards

Gas Testing & Ventilation

Roof and Rib Control

Dust control

Guarding

Recordkeeping

Clean Up (general housekeeping)

Emergencies and 
Unusual Situations

	Duty 2: Start-of-Shift Activities
	

	Duty 3: Prior to Entering the Mine
	

	Duty 4: Entering the Mine
	

	Duty 5: Traveling to the Section
	

	Duty 6: Arrive on the Section
	

	Duty 7: Section Observation
	

	Duty 8: Conduct On-Shift Examination
	

	Duty 9: Conduct Pre-Shift Examination
	

	Duty 10: End-of-Shift Examination
	

	Duty 11: Emergencies and Unusual Situations
	

	Duty 12: Training Responsibilities
	


Figure 11: Supervisor Problem Solving Matrix

As recommended by the 2005-2006 project team’s analysis, these lessons will be designed as case studies. Case studies are problems that present the learner with a realistic situation and require the learner to respond as if they were the person who must solve the problem. 

Based on the information processing analysis and content analysis conducted by the 2006-2007 project team, the eight areas identified in the problem-solving matrix are where mine supervisors are most likely to encounter problem-solving situations. It is here where they will need to recall laws as well as procedures to resolve a problem. This type of learning method is known as case based reasoning. The 2005-2006 project team recommended using case-based reasoning learning strategies such as guided scenarios and open-ended learning, but only for the Emergency and Unusual Situations duty because of its ill-structured, problem solving characteristics. However, the 2006-2007 project team determined this was the ideal strategy for the entire training system, linking the procedural with the principle, thereby creating the interconnectedness all of our SMEs agree is vital to successful mine supervisory training. Case studies also require learners to select and manipulate multiple principles in order to solve problems. The procedural characteristics of the JTAs would be aligned as job aids or “just-in-time” support.

Learning Outcomes

After our analysis was complete, we wrote objectives or learning outcomes, to let the learner know what skills he will have mastered upon completion of the training. We also incorporated the procedural steps of the mine supervisor’s duties as well as the problem-solving aspects by composing outcomes for scenarios as well.

A learning objective is a brief, clear statement of what the learner should be able to do as a result of training. By stating measurable outcomes, learning objectives focus on what needs to be taught. The terminal objective represents the overall specific learning goal and the enabling objectives represent the specific knowledge or skill areas that must be learned to meet the terminal objective. 

The 2005-2006 project team constructed learning objectives for all of the JTAs. We are including only the objectives for the six duties included in the statement of work.

JTA Outcomes 
Includes the six duties slated for development this year
The 2005-2006 project team identified the terminal objective for the JTAs as: The learner will apply the necessary problem-solving skills to demonstrate the proper sequence of job tasks performed by a mine supervisor/section foreman as outlined in the JTA. This terminal objective emphasizes covert mental processes involving a job aid that only addresses the procedural. This terminal outcome will cover all of the JTAs for each duty.

Terminal Outcome

The learner will apply the necessary procedural rule-using skills to demonstrate the proper sequence of job tasks performed by a mine supervisors as outlined in the JTA.

Scenario Outcomes

Learning outcomes were then formulated for the case-based scenarios informed by the problem-solving aspects of the learning taxonomy. The outcomes for the remaining scenarios outlined in Figure 11 will be completed in the spring semester.

Fire Hazards

Belt Fire: Learning Outcomes
At the end of the scenario, you will be able to 

· Recall and recognize emergency procedures for assembly of miners and proper means for evacuation of a mine 

· Identify and gather equipment and materials needed to escape from a mine section inby a fire 

· Value, seek and use information from the surface about the location and size of the fire 

· Recognize and identify effective procedures for gathering information about a mine fire and communicating this information to the surface

· Identify and select proper positions and procedures from which to examine a mine fire to make decisions about fighting or fleeing the fire

· Recall procedures for fighting underground mine fires to maximize the effectiveness of the fire fighting and minimize the risk to miners

Gas Testing & Ventilation

Ventilation Cutthrough Arrangements
Part 1 Learning Outcomes

At the end of Part 1 of this scenario, you will be able to 

· Analyze ventilation maps and schematics to determine airflow

· Use ventilation maps and schematics to establish where to make airflow and gas measurements

· Diagnose ventilation problems and errors given a set of air quantity and quality measurements

Part 2 Learning Outcomes

At the end of Part 2 of this scenario, you will be able to 

· Apply correct procedures when cutting through from one section to another

· Diagnose ventilation problems and errors given a set of air quantity and quality measurements

· Anticipate or prevent to errors likely to occur when connecting two separate air splits with a cutthrough

· Select escape routes from a mine section with dangerous levels of methane accumulation

Roof & Rib Control

Roof Fall Entrapment: Learning Outcomes
At the end of this scenario, you will be able to 

· Recall pillar extraction and ground control procedures

· Recognize signs of an unstable roof

· Locate a safe waiting place after being trapped in an entry by a roof fall

· Understand when to wait for rescue and take constructive action to prevent injury to yourself and/or rescuers

· Know how to communicate with rescuers while trapped
Emergencies and Unusual Situations

Continuous Miner Fire: Learning Outcomes
At the end of this scenario, you will be able to 

· Assess an accident scene before providing first aid to an injured miner. 

· Order first aid and fire fighting priorities given a serious fire and an injured miner. 

· Diagnose and treat burns and respiratory distress. 

· Organize and implement fire fighting procedures. 

· Decide when to fight a fire and when to leave and by what routes and means. 

· Conduct a primary and secondary survey to identify and prioritize injuries of an accident victim

Emergencies and Unusual Situations

Low Coal Fire: Learning Outcomes
At the end of this scenario, you will be able to:

· Assess an accident scene before providing first aid to an injured miner.

· Order first aid and fire fighting priorities given a serious fire and an injured miner.

· Diagnose and treat burns and respiratory distress.

· Organize and implement fire fighting procedures.

· Decide when to fight a fire and when to leave and by what routes and means.

· Conduct a primary and secondary survey to identify and prioritize injuries of an accident victim. 

The 2005-2006 project team conducted a job task analysis, cognitive task analysis and learning hierarchy analysis for the underground coal mine supervisor position. These analyses served as the basis for the developed training prototype. The 2006-2007 project team conducted additional content analysis and information processing analysis to reveal the thought processes experts use to complete a task and gain additional insight into course content. From this analysis we were able to write learning outcomes for the JTAs and scenarios. 
Design Approach

The purpose of the design approach is to determine how the objectives will be taught, the instructional strategies that will be used, and the structure and sequence of the instruction. The design approach details the instructional components and provides an explanation of the justification and rationale behind the design. 
The 2005-2006 Design Approach

The 2005-2006 project team, based on the needs analysis and the task analysis conducted came up with a multi-level design approach. Overall, at the macro level, the training system was identified to be a Distributed Learning Support System (DLSS) and the overall skills required by the mine supervisors were determined as problem-solving skills. At the micro level, using Gagne’s taxonomy and using the scenario-based and case-based learning theories, they classified the 12 generic duties as procedural, principle or problem-solving.  
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Figure 12: The 2005-2006 project teams’ design approach

The 2006-2007 Design Approach

Based on the findings from the extensive analysis phase, which included the analysis of 2005-2006 project teams’ prototype evaluation, an online learning environment has been developed in Workforce Connections. This was achieved with a web-based distributed learning support system (DLSS) design approach. Distributed learning occurs when learning is distributed across space, time, and various media. “When telecommunications media is utilized, distributed learning refers to off-site learning environments where learners complete courses and programs at home or work by communicating with faculty and other students through e-mail, electronic forums, videoconferences, and other forms of computer-mediated communication and Internet and Web-based technologies” (Dabbagh & Bannan-Ritland, 2005, p12). Instruction may be accessed in a specific order or ‘just-in-time’ as a refresher according to the needs of the target audience members. In some cases, as with smaller mines, this approach mitigates the need requiring miners to take training during on-shift hours, which possibly impacts production for mines with a limited workforce. 

Figure 12 provides a high-level depiction of the design approach that is comprised of three organizational strategies, each of which addresses a different level of detail. At the macro level is the overall delivery strategy. It contains an over-arching structure that will organize supervisory training and related information so that it is accessible to the identified primary and secondary user groups. This macro level design approach takes the form of a web-based Distributed Learning Support System (DLSS). 

Through our task analysis, the overall supervisory task is identified at the problem-solving level. The 12 generic duties performed by the mine supervisor are identified at the rule-using levels, procedural and principle. To engage learner in procedural learning, JTAs have been used as an Electronic Performance Support System (EPSS). Case-based reasoning learning theory steered the development of Guided Scenarios and Fatalgram Analyses, to engage learners in principle learning. It was also found that in order to develop effective problem-solving skills, it is important to develop relevant procedural and principle rule using skills. To achieve this, JTAs and the Scenarios (guided scenarios and fatalgram analyses) have been interconnected. This will allow the learner to develop procedural or step-by-step knowledge required to conduct a task as well as develop principle skills by engaging them in “What. if” situations. 
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This following section discusses the selected design approaches in more detail, and includes: 

• Distributed Learning Support System (macro level strategy) 

• Electronic Performance Support System (EPSS) (micro level strategy) 

• Case-based reasoning learning theory (micro level strategy) 

Distributed Learning Support System
Based on the data and findings in needs analysis; the supervisor training support system is designed to be delivered primarily over the Web. To take full advantage of a distributed learning environment, reusable learning objects (RLO) have been developed in Workforce Connections, a learning content management system (LCMS) to comply with Sharable Content Object Reference Model (SCORM) standards. This system also ensures that the content added is Section 508 compliant. 

Electronic Performance Support System

An electronic performance support system improves the performance of a system by improving human performance. In context with the mining industry, this system has been envisioned to improve mine operations in terms of safety and production via the performance of mine supervisors. JTAs have been used in the training system to provide just-in time support for the learners. Multiple views of JTAs, the online view, the worksheet view and the spider view will enable the learners to use JTAs to achieve different learning goals and objectives. In the online JTA view, each step of a duty has been linked to the relevant 30 Code of Federal Regulation (CFR) to emphasize the importance of the step. The steps also link to relevant guided scenarios and/or fatalgram analyses to accentuate the principle learning required to be efficient problem solvers. The worksheet view or the Word document view has been created to enable miners to download the JTA, do priority ranking of the steps as critical, very important or important. They can also add, modify and delete steps in the JTA to make it mine specific. Each worksheet view has four columns, the first column in a checklist, the second column is the steps, the third column is for priority ranking and the fourth column has been provided for making any notes or comments. The spider view or the Portable Document Format (PDF) view is a visual job aid that will allow the learners to see the organization of various steps involved in performing a duty and is the approved printable version for a JTA. 

Case-based Reasoning learning theory
The case-based reasoning learning theory provides a compelling foundation for case-based learning. It assumes that humans think in terms of cases – interpretations of their previous experiences that are adapted to new situations (Kolodner & Guzdial, 2000). The scenarios used in the training system are based on this learning theory. These have been applied to situate learning in authentic activities, allowing the learners to explore real-world problems and find the solutions. The scenarios have been broadly classified into guided scenarios and fatalgram analyses. Guided scenarios and fatalgram analyses are grounded in the goal-based scenario and open-ended scenario pedagogical designs respectively.  Both pedagogical designs will allow the supervisors to build a case library to store and revise cases for references when engaged in procedural or principle learning.

A goal-based scenario (GBS) is a simulation in which learners assume a major role in the pursuit of a mission or task associated with that role in the scenario (Schank, 1997; 1990). Goal-based scenarios are constructed around skills and processes to engage learners in a problem-solving situation. Under this strategy, guided scenarios engage in a role-playing exercise with questions. The progress is compared against a model of a successful process, and when learners fail, they are provided conceptual and process information to allow them to understand and correct their failure. . 

Open-ended scenarios elicit information about how learners might react in the future by analyzing previous behavior. They provide insight into the learner’s interpersonal skills, and thought processes, and are intended for collaborative problem-solving. Each fatalgram Analysis will allow the learner to explore a situation that has already occurred at a mine. They would be able to explore the situation and post a response to specific challenge questions to a discussion board where you can collaborate with other miners.
Site Maps

The site maps provide a visual representation of the resulting design. 
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Figure 14: Job Task Analysis Sitemap
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Figure 15: Scenario Sitemap
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Figure 16: Resources Sitemap

Formative Evaluation

The 2006-2007 project team has distributed bound copies of this design document, the link to the online training system, and an online survey to all Subject Matter Experts and MSHA personnel who have given assistance or advice on the project in some form throughout the Fall 2006 semester.  These materials have been distributed as of December 15, 2006.  The SME’s and MSHA personnel were asked to evaluate the current training system and respond to the online survey, generated by SurveyKey, by January 8, 2007.
Next Steps

Throughout the Spring semester, the 2006-2007 project team will analyze SME feedback and refine the existing training system according to the evaluations.  They will develop and deliver the training content for the remaining duties, including Arrive on Section, End-shift, and On-shift, and will develop an innovative instructional strategy for the Training Responsibilities duty.  They will showcase a complete Underground Coal Mine Supervisor Training System comprised of the six commissioned duties during a final presentation in May of 2007.
Appendix A

Underground Coal Mine Supervisor Training Prototype Evaluation Form 




Underground Coal Mine Supervisor Training Prototype Evaluation Results Summary
Rating Scale:

SA=Strongly Agree       A=Agree       D=Disagree      SD=Strongly Disagree

	Instructional Content

	1.1 The content accurately reflects the duties performed by underground coal mine supervisors.

	Evaluator
	Comments
	Rating

	D. McCullough
	
	Agree

	F. Linkous
	
	Agree

	H. Hayden
	
	Agree

	G. Nicholson
	
	Strongly Agree

	1.2 The content is appropriate for training new coal mine supervisors.

	Evaluator
	Comments
	Rating

	D. McCullough
	
	Agree

	F. Linkous
	
	Strongly Agree

	H. Hayden
	
	Agree

	G. Nicholson
	And Old Supervisors
	Strongly Agree

	1.3 The content will be useful as a refresher of mine supervisory duties.

	Evaluator
	Comments
	Rating

	D. McCullough
	
	Strongly Agree

	F. Linkous
	
	Strongly Agree

	H. Hayden
	
	Agree

	G. Nicholson
	
	Strongly Agree

	1.4 The lesson activities were presented in a logical order.

	Evaluator
	Comments
	Rating

	D. McCullough
	
	Agree

	F. Linkous
	
	Agree

	H. Hayden
	
	Agree

	G. Nicholson
	
	Strongly Agree

	1.5 The graphics and video support the content.

	Evaluator
	Comments
	Rating

	D. McCullough
	Could not view
	Disagree

	F. Linkous
	
	Agree

	H. Hayden
	
	Agree

	G. Nicholson
	Could not pull up
	Disagree

	1.6 The lessons in the Pre-Shift Examination module were informative.

	Evaluator
	Comments
	Rating

	D. McCullough
	
	Agree

	F. Linkous
	
	Strongly Agree

	H. Hayden
	Check Roof and Ribs – Need to mention the importance of checking test holes.
	Agree

	G. Nicholson
	
	Strongly Agree

	1.7 The lessons in the Pre-Shift Examination module were engaging.

	Evaluator
	Comments
	Rating

	D. McCullough
	
	Agree

	F. Linkous
	
	Strongly Agree

	H. Hayden
	
	Agree

	G. Nicholson
	
	Strongly Agree

	1.8 The activities in the Emergency Situations module were informative.

	Evaluator
	Comments
	Rating

	D. McCullough
	None
	Agree

	F. Linkous
	None
	Strongly Agree

	H. Hayden
	
	Agree

	G. Nicholson
	
	Strongly Agree

	1.9 The activities in the Emergency Situations module were engaging.

	Evaluator
	Comments
	Rating

	D. McCullough
	
	Agree

	F. Linkous
	
	Strongly Agree

	H. Hayden
	
	Strongly Agree

	G. Nicholson
	
	Strongly Agree

	1.10 The graphics and videos included support the content.

	Evaluator
	Comments
	Rating

	D. McCullough
	Could not view
	Disagree

	F. Linkous
	
	Agree

	H. Hayden
	
	Agree

	G. Nicholson
	Could not pull up
	Disagree

	1.11 Diagrams, videos, photographs, and descriptions were accurate.

	Evaluator
	Comments
	Rating

	D. McCullough
	Could not view
	Disagree

	F. Linkous
	
	Agree

	H. Hayden
	
	Agree

	G. Nicholson
	Could not pull up
	Disagree


	Ease of Use

	2.1 Navigation between modules was easy.

	Evaluator
	Comments
	Rating

	D. McCullough
	
	Agree

	F. Linkous
	After some effort! Could be easier
	Agree

	H. Hayden
	Emergency situations could not be accessed from menu, had to start module off of CD
	Disagree

	G. Nicholson
	
	Strongly Agree

	2.2 The text in the prototype was readable.

	Evaluator
	Comments
	Rating

	D. McCullough
	
	Agree

	F. Linkous
	
	Agree

	H. Hayden
	
	Agree

	G. Nicholson
	
	Strongly Agree

	2.3 The graphics and video included supported the content.

	Evaluator
	Comments
	Rating

	D. McCullough
	Could not view
	Disagree

	F. Linkous
	
	Agree

	H. Hayden
	
	Agree

	G. Nicholson
	Could not pull up
	Disagree

	2.4 Graphics and video included loaded properly and were visible.

	Evaluator
	Comments
	Rating

	D. McCullough
	Could not view
	Disagree

	F. Linkous
	Could be better quality!
	Agree

	H. Hayden
	The videos need to be larger, had trouble seeing some of the videos on a laptop.
	Disagree

	G. Nicholson
	Could not pull up
	Disagree


	Overall Impressions

	3.1 The overall design of the site is appealing.

	Evaluator
	Comments
	Rating

	D. McCullough
	
	Agree

	F. Linkous
	
	Agree

	H. Hayden
	
	Agree

	G. Nicholson
	
	Strongly Agree

	3.2 I would recommend instruction based on this prototype to others in the Mine Safety industry.

	Evaluator
	Comments
	Rating

	D. McCullough
	
	Agree

	F. Linkous
	
	Strongly Agree

	H. Hayden
	Would also mention state laws if they differ from MSHA laws
	Agree

	G. Nicholson
	
	Strongly Agree

	3.3 What I liked most about the prototype:

	Evaluator
	Comments

	D. McCullough
	Design and ease to use

	F. Linkous
	Organized, focused approach. Concept can be expanded to the many relevant training needs and subjects for mine foreman.

	H. Hayden
	

	G. Nicholson
	Design and ease of use; layout good

	3.4 What I liked least about this prototype:

	Evaluator
	Comments

	D. McCullough
	Terminology; answers – some were very vague

	F. Linkous
	

	H. Hayden
	Had to be online to view modules (i.e. pre-assessment)

	G. Nicholson
	Terminology and answers to questions; some answers too vague

	3.5  Suggestions for improvement:

	Evaluator
	Comments

	D. McCullough
	Better selection of answers; Plans/procedures vary from site to site, state and different companies

	F. Linkous
	

	H. Hayden
	

	G. Nicholson
	Better slate of answers; Plans use different and MSHA and state have different regulations and company policies


Appendix B

Revised Generic JTA for Six Statement of Supervisor Duties

	Duty/High-Level Task
	Description
	Tasks
	Importance Rating

	6.  Arrive on the Section
	Conducting the appropriate activities upon arrival on the section.

 
	6.1.   Meet with previous shift foreman for switch‑off discussion
	2

	
	
	6.2.   Monitor equipment operators pre-op examination
	 

	
	
	6.3.   Verify hot seating procedures
	1

	
	
	6.4.   Proceed to the section feeder
	 

	8.   Conduct On-shift Examination

 
	Conducting a proper and thorough on-shift examination
	8.1.   Examine tailpiece
	3

	
	
	8.2.   Examine faces
	3

	
	
	8.3.   Examine other areas of section
	3

	
	
	8.4.   Observe location and physical conditions of cables
	2

	
	
	8.5.   Check for emergency equipment
	2

	9.   Conduct Pre-shift Examination

 
	Conducting a proper and thorough 
pre-shift examination
	9.1.   Examine section tail piece and perform checks
	 2*

	
	
	9.2.   Examine haulway
	 2*

	
	
	9.3.   Conduct dust parameter examination
	2

	
	
	9.4.   Examine battery charging station
	 2*

	
	
	9.5.   Examine faces and immediate returns
	2

	
	
	9.6.   Monitor roof control requirements
	2

	
	
	9.7.   Examine power center
	2

	
	
	9.8.   Call results out to the oncoming shift
	3

	10. Conduct End of Shift Examination

 
	Conducting a proper and thorough 
end-of-shift examination
	10.1. Talk to oncoming section foreman
	3

	
	
	10.2. Ensure that all employees have checked out of the mine
	2

	
	
	10.3. Order immediately needed supplies
	2

	
	
	10.4. Communicate with shift foreman and chief electrician
	2

	
	
	10.5. Charge methane detectors according to shift
	2

	
	
	10.6. Review and sign pre-shift books
	3

	
	
	10.7. Complete production and delay report
	2

	11.  Emergency and Unusual Situations

 
	Effectively handling emergency or unusual situations
	11.1. Account for all personnel
	3

	
	
	11.2. Ensure communications
	3

	
	
	11.3. Make sure that all SCSRs are gathered and available
	3

	
	
	11.4. Assess situation
	3

	
	
	11.5. Address fire/explosion
	3

	
	
	11.6. Address inundations
	3

	
	
	11.7. Address serious injury
	 

	
	
	11.8. Address unintentional roof falls
	 

	12.  Training Responsibilities

 
	Conducting and monitoring required training

 
	12.1. Conduct escape and evacuation training
	3

	
	
	12.2. Conduct or monitor task training
	3

	
	
	12.3. Conduct or monitor hazard training
	3

	
	
	12.4. Conduct “Introduction to the Work Environment” tour
	3

	
	
	12.5  Conduct SCSR training
	3


* Indicates tasks containing subtasks with rating shown.

Appendix C

Online survey created in Survey Key for the Underground Coal Mine Supervisor Training Formative Evaluation
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Figure 13: Multi-level Design Approach





Figure 9: Gagne´s Intellectual Skills Learning Taxonomy
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