Needs Assessment
The GMU Immersion Team spent the fall semester conducting a needs assessment to define the scope of the training requirements to further the effectiveness of mine supervisor training within the underground coal mining industry. This assessment was conducted through the review of extant data sources, interviews with Subject Matter Experts (SME), a survey of Mine Foreman/Supervisors and Mine Foreman/Supervisor candidates, and the analysis of the Job Task Analysis Mind Maps for the job of Mine Foreman for both Excel Mining and CONSOL Industries. These findings were analyzed and synthesized to construct this needs assessment.
Here we  will discuss the finding of this research including, the current state of the industry, the learner audience, the knowledge and skills that are possessed and lacking by the learner audience, and a proposed instructional solution system to address these discrepancies. The solution system was derived using a grounded instructional design approach, including the use of instructional strategies and technological alternatives for the delivery of the training.

Background

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. 

	[image: image1.png]Percent

60.0

50.0

400

200

10.0

0.0

2003 02004
205208
153763
7178
Nuclear Hydro Natural Gas ~ Petroleum and Coal

Other





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. The mission of the Mine Safety and Health Administration (MSHA) 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.”

Current Conditions
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 on the state of the 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 Forman/Supervisor Training Program.
Goals
The goals of this research are comprised of both organizational goals representative of the job responsibilities of a mine foreman/supervisor as well as an assessment of the required skills that a mine foreman/supervisor must possess. According to interviews with industry professionals and the data contained within the extant data, mine foremen/supervisors are the key individuals responsible for maintaining shift productivity, minimizing work stoppage due to maintenance needs, and reducing accidents and preventing fatalities. As the current mine foremen/supervisors near retirement there is an increased need to facilitate the knowledge transfer of effective mine foremen/supervisors, to create an understanding of all the skills and tools required to be effective leaders and competently carry out supervisory responsibilities.
The overarching goals governing the grant for “Developing an Effective Data-Driven Training Strategy for Mine Supervisors” are to:

1. Improve mine productivity

2. Reduce maintenance costs

3. Reduce accident and injury 

During the SME interviews the team asked our Subject Matter Experts to rank the top five (5) skills that a mine foreman/supervisor needs to be successful as a Foreman/Supervisor. The results are as follows:
1. Good communication and listening skills

2. Effective problem-solving skills

3. Proper site examination

4. Planning skills

5. Employee motivation skills

Based upon these findings the team assessed the discrepancies that exist between what is needed and what exists today.

Discrepancies
A need may be defined as the discrepancy between what exists and what is desired (Altschuld and Witkin 2000, p. 45). The current conditions and the stated and derived goals show that the following three areas contain discrepancies between the actual conditions and the optimal expectations; Workforce/Human Resources, Existing Mine Foreman/Supervisor Training, and the Job Task Analysis.
Workforce/Human Resources

The most clearly stated gap, of course, is that pertaining to the human resource drain occurring in the underground coal mining industry today. The last 'boom period' of employment prospects in the industry occurred in the late 1970s (interview with Jerry). Consequently, well over half of the workforce (58.3%) is above the age of 45.  These same veteran workers are today entering retirement in staggering numbers.  Because of the downturn in the fortunes of the industry circa 1982 (interview with Jerry), almost an entire generation of mining has been lost: under 3.5% of today's underground coal mining workforce is under the age of 25 (Bureau of Labor Statistics 2004).  While the industry is doing its part to remedy the sudden lack of bodies – coal mine employment numbers will rise by 10,000 in the next two decades – there is not yet a viable solution for capturing/replacing the years of experiential knowledge that is leaving with the veteran workers.  Because of their key role in the safety and production aspects of mine operations, it is crucial that the knowledge leaving with retiring section foremen not be lost.

Training

Despite the obvious need for continued knowledge transfer described above, truly comprehensive underground coal mine section foreman training does not exist.  Professionals are well aware of this disconnect: Mr. Frank Linkous, a mine inspector for the state of Virginia, has commented that in the past, cognitive apprenticeships accounted for much of the technical and procedural learning that mine personnel gained on the job.  Mr. Jerry Vance, a training specialist with the Educational Field Services division of MSHA, notes the disappearance of avenues to education (technical training programs at high schools and community colleges, for example) that existed for persons interested in becoming mine supervisors. (Mr. Vance attributes the disappearance of many of these programs to the industry downturn of the early 1980s.) A cursory survey of extant data performed by the design team revealed that while there are a number of mine-related training programs offered at both public and private institutions nationwide, most of them focus on specific aspects of general mine workers' domains (longwall technology, etc.) rather than supervisory duties and procedures.  Those course catalogs that deal with supervisor issues more often than not focus on state and federal regulations.  While it is important for section foremen to understand applicable laws – much of their job consists of making sure that operations in their section adhere to the regulations – it is equally (if not more) important for them to have a clear understanding of what their duties are and how best to perform them.

Job Task Analysis (JTAs)

A good representation of the complexity of the section foreman job has been captured in a set of Job Task Analyses, or JTAs, assembled by MSHA and the U.S.Navy with the cooperation of both Consol and Excel mining companies.  The JTAs are essentially mind maps describing the workflow of a section foreman's pre-shift, shift and post-shift activities. They were created by asking section foremen to describe what they believe to the entirety of the section foreman's duties. While the JTAs are presented as an important way to provide job content information so that it can be presented in a logical fashion during on-the-job training, they currently lack sequencing information necessary to be an out-of-the-box template for mine procedures. 

Job/Task Description

In an effort to begin the assessment of a mine foreman/supervisor’s responsibilities MSHA worked with a previous George Mason University team of Graduate students to create two sets of Job Task Analysis (JTA) Mind Maps representing the primary mine supervisor duties performed at CONSOL and Excel mines. These JTAs are posted on the MSHA website and are meant to be used as a tool for coal mining companies to use as a basis for developing their own mine supervisor training.

While the JTAs are a useful reference, they portray the specific operations of two mines, each with considerable resources. The JTAs represent only the technical aspect of a mine supervisor’s responsibilities. Here we will look at both the technical duties and responsibilities of a mine foreman/supervisor as well as the soft skills required for success.
Technical Duties and Responsibilities

After an extensive brainstorming session, the current project team, with the help of a former coal mine supervisor who is currently with MSHA Educational Field Services, has developed a generic set of job task analysis spider maps by refining and adapting the previous JTAs. Twelve duties were identified to represent the technical tasks required by coal mine supervisors regardless of the size of the mining company. 

Using instructional design taxonomies the project team was able to separate these same duties in two categories--procedural and broad, non-procedural. Procedural tasks (1-10) are those that follow a set predefined procedure to ensure that all components of that task are completed properly. This requires recalling a large body of interconnected facts. Tasks that are non-procedural (11-12) may require problem-solving skills; these include emergency and unusual situtuations and training responsibilities. For each of the duties listed, the mine supervisor must be able to explain the job duties, why they are conducted, any associated risk, and how to implement appropriate controls 

Duty 1: Self-Assessment and Personal Fitness. The mine supervisor must know how to prepare for a safe and healthful work shift for himself/herself and crew through self-assessment and personal fitness determinations prior to start of shift
Duty 2:  Start-of-Shift Activities. The mine supervisor must know how to conduct start-of-shift activities.

Duty 3:  Prior to Entering the Mine. The mine supervisor must know how to conduct the activities required prior to entering the mine
Duty 4:  Entering the Mine. The mine supervisor must know how to properly board and travel into the mine by slope car and elevator.
Duty 5:  Traveling to the Section. The mine supervisor must know the proper procedures for traveling to the section by rail and rubber-tired mantrip.
Duty 6:  Arrive on the Section. The mine supervisor must conduct the appropriate activities upon arrival on the section.
Duty 7:  Section Observation. The mine supervisor must conduct a safe and thorough section observation.

Duty 8:  Conduct On-Shift Examination. The mine supervisor must conduct a proper and thorough on-shift examination.
Duty 9:  Conduct Pre-Shift Examination (for the next shift). The mine supervisor must be able to conduct a proper and thorough pre-shift examination.

Duty 10:  End-of-Shift Examination conduct a proper and thorough end-of-shift examination
Duty 11:  Emergency or Unusual Situations. The mine supervisor must be able to effectively handle emergency or unusual situations. 
Duty 12:  Training Responsibilities. The mine supervisor must be able to conduct and monitor required training.
Further, the duties received a ranking which is used to prioritize the most significant in regard to a safety factor if not properly addressed. The rankings include:

· 1 = Important

· 2 = Very Important

· 3 = Critical 

A task labeled as “1” would have marginal safety effect if not properly completed. A level “2” task may cause significant, but non-fatal effects if not properly completed. A “3” or critical task may cause fatalities or have a catastrophic effect if not completed properly.

For the purposes of developing a training strategy, the important (2) and critical (3) tasks will receive primary consideration for development.

The companion worksheet was submitted to an MSHA subject matter expert for further review and comment.

Soft Skills

Soft skills tasks which include leadership and coaching skills, communication skills, personnel management skills, and operations planning and execution are not represented in the JTAs. Companies like CONSOL have developed its own management and supervisory skills curriculum for its mine supervisors. 

CURRENT EFFECTIVE INDUSTRY STRATEGIES
As more experienced supervisors leave the coal mining workforce, shifting the demographics in the industry, the focus on supervisory training programs has become more critical. An urgent need for more comprehensive training has arisen. As our SME and extant data reveal, individual mining companies are approaching the challenge differently.

Due to economic constraints, a number of smaller mining companies are using outside educational resources to provide training opportunities to supervisors and miners seeking supervisory positions. Evening courses at area colleges and universities, as well as continuing adult education classes at local high school facilities, aid in education and certification. These programs include, but are not limited to, certificate and degree programs in mining engineering, geological sciences and geography. Some programs also integrate management courses and the development of leadership skills.

Larger mining companies have developed their own extensive training programs for supervisors and miners seeking supervisory positions. Some of these companies, such as Excel mine, are using the JTAs in their instructional programs. Gene Williams, a subject matter expert from Excel, reports that using the JTAs provides a more detailed training environment. During training, the JTAs present a visual reference tool to ensure that vital procedures are not missed when supervisors perform critical tasks. In addition, different operators, such as continuous miners, drivers, and shuttle car operators are brought in to explain their jobs. They also use the JTAs as a reference tool to more carefully detail the tasks included in their jobs while they explain it to supervisors in training.

There is also an emphasis being made by some companies to incorporate management skills into their curriculum. Subject matter experts, Frank Linkous from the VA Department of Mines, Minerals and Energy and Gerald Nicholson from Consol mining report that management development and communication courses are essential in providing soft skills training to supervisors and miners seeking supervisory positions. These skills are necessary to gain credibility and the trust of those being supervised.

SOLUTION
In formulating a design solution, our extant data analysis has revealed that the expected outcomes of the solution will be a formalization of mine supervisory training methods and approaches to ensure mine productivity, a reduction in maintenance costs and adherence to safety standards to reduce accidents and injuries.  The involvement of the following groups are essential in defining a successful solution:

PARTICIPANT INVOLVEMENT

Stakeholders. 

The stakeholder, Jim Baugher, should ensure that the training solution connects with the industry need.

Subject Matter Experts.

SMEs must provide relevant industry data to ensure that the solution will close the performance gap.

Instructional Designers.

The MSHA project team is responsible for designing a solution based on the identified need.

Learners.

Mine supervisor and miners seeking supervisory positions will use the solution once it is completed. Information gathered from these learners assists the design team in ensuring that the solution will fit their needs.

SOLUTIONS
Based on extant data and literature, the incoming population of mine supervisors and miners seeking promotion to supervisory positions will predominately be composed of workers from the two generational cohorts, Generation X (born 1960 - 1980) and Generation Nexters (born 1980 - 2000). The MSHA project team has identified the need to target a formalized supervisor training method to these cohorts. The solution system for this group is comprises of the following recommendations. 
	FINDINGS
	RECOMMENDATIONS
	SPECIFICATIONS

	The target audience is predominately 25 to 45 year old miners seeking supervisory positions and current mine supervisors.
	A visually stimulating, interactive online learning environment.
	The training will consist of these major components:

· Instructor-led classroom training

· Self-paced modules that allow each topic to be independent of the others, therefore tailoring it towards the specific requirements of learners.

· High level critical tasks presented in scenario format.

	The target audience may require portability of instructional materials for use outside the classroom environment and/or at the worksite.
	A task checklist that is printable or electronically downloadable.


	An electronic format that is downloadable to an environmentally-approved handheld digital device that can be used in the work environment.



	Trainers will need to be proficient with and knowledgeable about the instructional material and format. 
	Trainers need to take the same training.
	Trainers will take the training to prepare them for supporting the primary target audience.


RISKS

Amid the critical need for mine supervisors, the MSHA project team training solution will provide a supervisory training that will provide a comprehensive view of supervisory duties based on the JTAs. The project team has the support of key stakeholders, as well as data from subject matter experts and other relevant extant data and literature.

With the influx of new supervisory personnel, the consequences of not providing a training solution may cause a decline in the task and technical knowledge of mine supervisors, thereby leading to a decrease in production, an increase in maintenance costs and an increase in accidents and injuries.
