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Project Background 

In Fall 2005, the Mine Safety and Health Administration (MSHA) commissioned the George Mason University Immersion program to design online training for underground coal mine supervisors. The 2005-06 MSHA Project Team conducted research regarding future high turnover in the coal mine industry and the lack of trained and experienced coal mine supervisors. After completing the analysis and design phases of the instructional design process, they developed a training prototype on the twelve generic responsibilities of a mine supervisor. 

The 2006-2007 MSHA Project Team is charged with developing six of the twelve supervisory duties into fully functional training modules. The team will transfer last year’s prototype into Workforce Connections; The Department of Labor’s Learning Content Management System (LCMS). It is envisioned that the eventual full-scale implementation of this course of training will result in improved mine productivity; reduction of maintenance costs; and an improved safety record of the nation's mines.

Introduction 

In his statement to the U.S. 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 1). This does not include the replacement of positions vacated through retirement or tragedy.
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Figure 1: Anticipated Coal Mine Employment Rates. 

A recent review of the state of the mining industry conducted by Balfour Holdings, Inc. 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 suggests 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 concludes 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 Mine Supervisor Training Program. To assist MSHA with this challenge, the George Mason University Immersion Team has conducted this performance analysis, the first of many analyses that will be conducted throughout this project. 

Performance Analysis 

The performance analysis was conducted to analyze the prototype created by the 2005-2006 Immersion Team and propose next steps for the task analysis and content analysis phases of the project. The performance analysis included the following activities: 

· Meeting with members of the 2005-2006 MSHA Immersion Team 

· Collecting data from MSHA subject matter experts (SME), private mines, and mining industry consultants 

· Identifying gaps in training prototypes from SME interviews and additional evaluations and usability testing of prototype 

· Identifying the drivers that promote the project 

· Identifying the barriers that hinder the project 

Based on the design team’s meetings with Mr. Jeffrey Duncan and other MSHA personnel, private mine and mine industry professionals, an optimal mine supervisor training and professional development strategy could be defined by the following: 

· Mine supervisors would possess good overall knowledge of the mining process 

· Mine supervisors would possess specific knowledge in the following areas: 

· Safety issues 

· Regulations 

· Technical skills (e.g., ventilation/fluid dynamics, roof and rib control) 

· Management skills 

· Organizational skills 

· Logical thinking 

· Problem solving 

· Mine supervisors would possess the ability to communicate effectively and develop a good rapport with co-workers

· Mine supervisors would be able to respond appropriately and competently during emergencies and unusual situations

· Job task analysis (JTA) spiders would be translated into an engaging, practical and effective training strategy

Currently, however, the situation can be described as follows: 

· There is an expected shortage of experienced mine supervisor candidates due to attrition for reasons such as retirement or tragedy

· Few mine supervisor training programs are available, and most of those are of limited scope and/or only address the mine supervisor certification exam

· Current training programs are mostly On The Job (OTJ)

· Smaller mines do not have formal training programs

Drivers & Barriers 

In the process of developing an effective solution system, potential drivers and barriers must be identified. Drivers are anything—including people, products, and events—that allow the project to progress. We have identified the following drivers that could aid the progression of this project: 

· Access to SMEs, MSHA personnel, and mine environments 

· Access to extensive media, print, and online library of mine safety resources 

· Access to compiled data from 2005-2006 MSHA team 

· Access to experienced miners and mine supervisors as usability and content testers 

· Recommendations from last year's MSHA Immersion team and the prototype evaluation data 

· High number of mining fatalities during 2006 calendar year 

· High rate of impending retirement of experienced miners and mine supervisors is creating a gap in qualified mine personnel 

· The critical role of the mine supervisors and the complexity of associated tasks in daily mine operations

Conversely, barriers are constraints that may impede the progress of the project. They include: 

· Limitations of LCMS in light of Section 508 and SCORM compliance

· Access to experienced miners and mine supervisors as usability and content testers 

· Development cycle restricted to academic year 

· Need for supplemental training, on or off-site 

· “Creativity” of mine supervisors and reliance on prior knowledge 

· Evaluations showed miners prefer face-to-face training over online training 

· Ongoing MSHA administration and support of training LCMS and bulletin boards (new equipment, procedures, safety regulations) 

Preliminary Data 

Human Resources 

Stakeholder 

Mr. Jeffrey Duncan, Director of Educational Policy and Development for MSHA, is the primary stakeholder for this project. The project team met with Mr. Duncan October 11-12, 2006 at the Mine Training Academy’s Training Resources Applied to Mining (TRAM) / National Mine Instructors conference in Beckley, West Virginia. He asked that as the project team develops the training solution, we incorporate “…a management/engineering perspective [that goes] beyond compliance to understanding.” The project team proposed and demonstrated the “multiple views” strategy that incorporates linking the Job Task Analysis (JTA) to relevant course material in Portable Document Format (PDF), HyperText Markup Language (HTML), and Microsoft Word formats. This strategy, along with using guided scenarios, has been approved by Mr. Duncan. 

Mr. Duncan has also indicated that: 

· The training strategy will include the development of six course lessons or training modules with learning outcomes/objectives and assessments representative of all job steps as defined by the generic JTA's to allow a mine supervisor to demonstrate academic proficiency for professional development and certification purposes
· 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) 

· The course lessons will be developed in Workforce Connections

· MSHA will market this training as “additional training”, “refresher training” and “new miner training” 

· MSHA may provide a “certificate” to those who complete the training online 

· Emphasis should be placed on the “professional miner.” MSHA will position the training as “professional development” for miners irrespective of whether they want to be certified as a section foreman or not 

· MSHA will review the academy courses that Mr. Will Peratino is converting to Workforce Connections to determine which courses can be linked to our training modules 

Subject Matter Experts 

Formative Evaluations of Prototype 

Last year’s project team conducted formative evaluations of the prototype using SMEs at the National Mine Health & Safety Training Academy and the TTAC Immersion team. This year’s 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 B. (delete this since we are not including the evaluation or the results. However, in reading Rossett, if we are going to include the above information, we do need to include at least a summary of the evaluations – I’ve written something below.) 
Instructional Content - All of the SME’s 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 SME’s 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.”

Subject Matter Interviews 

The following individuals were provided as additional SMEs, the majority of whom the team was able to conduct one-on-one interviews with: 

   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 a majority of these experts and received their feedback on last year’s training prototype as well as our new design approach. 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 

MSHA’s Sharon Cook and Jerry Vance will be our primary SME contacts for the remainder of the project. They will approve the content, verify the accuracy of the material and provide any additional resources needed. 

Non-Human Resources 

General Information 

The project team has reviewed the MSHA website and other extant data sources to increase understanding of the issues facing the mine supervisor workforce. Extant data sources include, but are not limited to: 

· MSHA Statement of Work 

· Title 30 Code of Federal Regulations 

· Multimedia Training Materials 

· NIOSH Latent Imaging Exercises 

· Colorado State Mining Exam Preparation DVD 

· Best Practices Pocket Cards 

· Commonwealth of Pennsylvania  Mine Safety Multimedia Mine Materials 

· MSHA Informational Reports 

· P&M Mine Job Task Analysis 

· Centers for Disease Control and Prevention Job Training Analysis: Information Circular 

· Section 508 Website 

Online Resources 

The following websites serve as primary sources of information about the mining industry, training and the overall project: 

· MSHA (http://www.msha.gov) 

· NIOSH (http://www.cdc.gov/niosh) 

· GMU 2005-06 MSHA Project Team Website (http://immersion.gmu.edu/msha/spring2006/index.htm) 

· Section 508 Compliance (http://www.section508.gov) 

· Commonwealth of Pennsylvania Mine Safety (http://www.depweb.state.pa.us/deepminesafety/site/default.asp) 

· Learn About Coal (http://www.learnaboutcoal.org) 


Task Analysis 

A cognitive task analysis was performed on the 12 generic duties to categorize them according to their associated intellectual skill domains. As a result, the 2005-06 project team was able to separate the high-level duties performed by supervisors into two rule-using categories, procedural and principle. Procedural rule-using tasks (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 (11-12) are actions that can be converted into "if-then" situations; these include emergency and unusual situations and training responsibilities. It was determined that the overall job of a supervisor requires problem-solving skills.  

The 2006-07 project team met with SME’s Paul Bizich and Don Conrad to review a mine-specific JTA. Their input helped us refine the task analyses for Pre-Shift Examination and Emergencies and Unusual Situations, as well as expand on the JTA’s for the following modules: 

· Arrive on Section 

· On-Shift Examination 

· End Shift 

· Training Responsibilities 

A content analysis may be needed to determine what additional “guided scenarios” to add for the Emergency and Unusual Situations module and to determine the scenarios needed for the other duties. 

Design Approach 

Based on the findings from the 2005-06 project team’s analysis phase, and additional analysis conducted by this year’s project team, we propose to design a learning environment that is: 

· visually stimulating and interactive 

· adaptive to the individual miner's level of experience 

· customizable and flexible 

· performance based 

· 508 and Sharable Courseware Object Reference Model (SCORM) compliant 

· rich with multiple views and guided scenarios 

We plan to achieve this goal with two primary macro-level design approaches: a web-based electronic performance support system (EPSS) and a scenario-driven strategy. 

Electronic Performance Support System - This design approach will allow users to access the JTAs associated with each of the supervisory duties in multiple views. Specifically, the JTA for each duty will be presented as a spider, checklist of steps and a Word document. In addition, the JTA steps will be linked to instructional topics and 30 CFR.

Scenario Driven Strategy - This strategy will allow users to access the modules using multimedia based scenarios to situate the training in authentic activities, allowing the learners to explore real-world problems and situations that relate to specific steps of each JTA. The scenarios will emphasize "what if" situations and consequences of not appropriately performing each step in the JTA. The scenarios will address gas testing and ventilation, dust control, recordkeeping, roof and rib control, guarding, clean up program and fire hazards. Performance objectives, practice exercises and assessment items will be embedded to provide engagement, interactivity, and cognitive processing. 

Figures 2 and 3 represent the diagrammatic representation of the JTA view and the scenario view of the design approach.
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Conclusion 

The performance analysis has provided an overview of the current state of the coal mining industry, a closer look at the supervisory workforce, and a clearer understanding of the viability of the training prototype. This has reinforced the need for a comprehensive solution system to facilitate the transfer of knowledge from the experienced supervisory workforce to incoming supervisors. 

The training prototype developed by the 2005-06 Design Team proved to be an excellent “jumping off” point for this year’s team. It has given us a benchmark from where we can measure our continued progress and success in further developing underground coal mine supervisory training. Overall, Mr. Duncan, as well as other MSHA personnel and mine industry experts have expressed great enthusiasm for this project. Although it has been evident from the analysis conducted by last year’s team that current miners favor On-the-Job Training (OJT), this method of obtaining job skills will become increasingly difficult as the current workforce moves toward retirement in the next 5-10 years. We see our challenge as designing an approach that bridges the gap between what miners like best about OJT (“hands-on practice”, “can interact, ask questions”) and the cognitive-building skills associated with computer-based training.

Next Steps 

Continued Task Analysis 

Additional task analysis will need to be conducted for the Emergencies and Unusual Situations module, as well as the lessons within the other 5 modules. This task analysis will consist of: 

· A continued review of extant data. 

· A synthesis of the information collected from the mine visit, TRAM conference and SME interviews 

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

· Work on the user interface presentation and functionality (connecting JTA views, connecting JTA steps to instructional topics, regulations, and scenarios) 

· Finalizing the instructional strategy for the entire training, as well as the multiple views and scenario based views. 

Content Analysis 

The purpose of the content analysis is to review and categorize the information to be covered in our training development. It is the process of identifying the essential information that learners have to translate into knowledge, skills, and attitudes and making learning more easily managed by the learners. 

The content analysis will include: 

· Synthesizing the information collected from the mine visit, TRAM conference and SME interviews 

· Confirming the following topics, identified by subject matter experts Bizich and Conrad, as possible module lessons: 

· gas testing & ventilation 

· dust control 

· record keeping 

· roof & rib control 

· cleanup program or general housekeeping 

· fire hazards 

· guarding 

Also, investigating any additional lesson topics we should add. 

· Examining all documents and media from the mine visit, academy visit, additional materials received from SMEs, as well as last year’s catalog of materials. 

· Reviewing examples of MSHA courses in Workforce Connections 

· Selecting appropriate media for Preshift and Emergency and Unusual Situations modules 

· Selecting appropriate scenarios for the different lesson topics from the various sources (e.g., violations, regulations, call out reports, fatalgrams, NIOSH materials, documents that we received from SMEs) 

· Developing appropriate objectives and instructions to guide users through the modules 

· Translating the information gathered into applicable and appropriate training modules 
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