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Abstract 

 

The Western Mine Training Center at the Colorado School of Mines (CSM) is devoted to the 

development of effective training and education programs for workers engaged in mining operations 

throughout the Western United States. The cooperative agreement between CSM and the National 

Institute of Occupational Safety and Health began in September of 2010 and was renewed in 2014, 2017 

and 2020. The overall objective of the cooperative agreement is to reduce the number of injuries and 

illnesses among workers in western mining operations. This is accomplished through a focused, relevant, 

and comprehensive training program that educates mine workers on how to identify and proactively 

protect themselves from risks and hazards in the mining environment. Over the course of the 

cooperative agreement, CSM has continued to improve and expand upon the initial training program by 

focusing extensively on Mine Safety and Health Administration (MSHA) required training (Specific Aim 

1); being responsive to industry needs for professional and specialized training (Specific Aim 2); and 

creating meaningful educational experiences for university students, faculty and staff (Specific Aim 3).   

Specific Aim 1 

From September 1, 2017 to August 31, 2020, CSM conducted 79 courses designed to support MSHA 

training requirements as defined under 30 CFR Part 48 for New Miner, Annual Refresher, and MSHA 

Instructor training for workers at both surface and underground mines. This training was developed to 

meet the specific needs of underserved populations working on mine sites, including contractors, 

suppliers, consultants, equipment manufacturers, and researchers, as well as small mine operators.   

Specific Aim 2 

The successful development of a broad-based Professional Training Curriculum is a significant 

accomplishment that CSM is particularly proud of and serves as the foundation upon which the program 

will continue to build on in the future.  During the most recent reporting period, CSM created five online 

mailto:hbmiller@mines.edu
mailto:mreiher@mines.edu
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courses, delivered seven conference presentations for approximately 357 attendees at five different 

safety conferences, and conducted three webinars for 58 SME members. 

Specific Aim 3 

Providing educational experiences for university students helps facilitate an understanding of safety and 

establishes the foundation for life-long learning and a safety ethic that students can take with them into 

industry (Specific Aim 3). As such, during the project period, CSM taught three one-credit Mine Safety 

and Health courses (MNGN308) to 65 CSM students, led one tour of the US Silver Galena Mine for five 

CSM students, delivered 10 guest lectures to approximately 175 mining engineering students at seven 

universities. 

CSM believes that the safety training provided to underserved populations has contributed to MSHA 

recording progressively fewer fatalities per year. It is also important to remember that the impact of 

training is often difficult to assess, and while the mine safety and health training provided may be 

directed towards mining workplace hazards, those individuals who are able to apply what they have 

learned to other aspects of their life will be proficient in identifying hazards and avoiding injuries. These 

individuals will also convey this knowledge to others creating a cumulative effect which is often 

overlooked but represents an important outcome of work-related safety and health training.  
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Section 1 

 

Significant or Key Findings 

• Utilizing instructors with mining experience, who are technical experts in the topics they teach, 

provides credibility to the courses. 

• Incorporating multiple instructors during training courses, either as team instructors or 

sequentially changing throughout the training, increased the attention span of trainees. 

• Integrating personal safety and hazard recognition through stories provided real-life, relatable 

examples for trainees. 

• Allowing opportunities for discussion with both instructors and trainees increased learning as 

trainees learn valuable insights through non-structured conversation with peers and instructors 

alike.  

• Structuring training around active learning techniques, such as competitive games, interactive 

polling, small group exercises, hands on activities, and practical demonstrations, improved 

participation, knowledge retention, and learning. 

• Re-imagining routine training systematically enhanced the quality of the training 

 

Translation of Findings 

The key findings of this research are useful to organizations that provide safety and health training and 

are interested in improving the quality and relevance of their training for employees/clients in dynamic 

operating environments. CSM follows the National Institute of Occupational Safety and Health’s (NIOSH) 

Research to Practice (r2p) which is an approach that moves “research into practice in order to reduce 

and eliminate injuries, illness and fatalities” (National Institute for Occupatonal Safety and Health, 

2018).  The r2p approach includes six core elements: Partnerships, Intramural Science, Extramural 

Science, Technology Transfer, Communication and Evaluation (National Institute for Occupational Safety 

and Health, 2018).  CSM focuses on three of the six core elements to disseminate research findings 

which are Partnerships, Communication, and Evaluation.   

Partnerships 

CSM has cultivated numerous partnerships with universities and colleges, professional associations, 

government, and labor unions to help promote the depth and breadth of research dissemination. The 
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key activities in support of this include providing training, participating on health and safety committees, 

serving as conference program chairs, advising on working groups, and collaborating with government 

and industry initiatives. 

Communication 

Communicating research findings is one of the most valuable ways to move research into practice as it 

provides a venue for dissemination, discussion, debate, questions, and answers. CSM communicates 

research findings through training courses (in-person, remote, and online), conference presentations, 

professional association presentations and webinars, and the submission of articles in trade publications 

and peer reviewed journals. 

Evaluation 

CSM believes that evaluating the success of our training is vital to understanding the impact and future 

outcomes for the mining industry and promoting continuous program improvement. As such, CSM 

utilizes Kirkpatrick’s training evaluation model which has four levels (Kirkpatrick, 1994). CSM focuses on 

levels 1 (reaction) and 2 (learning) with attempts to gather level 3 (behavior) evaluation data. CSM uses 

an end of course evaluation to solicit feedback on instructor performance, training materials, pedagogy, 

and format (level 1). Additionally, pre and post tests are used to determine if learning took place (level 

2). Finally, using a six-month follow-up survey for New Miners, attempts are made to gather level 3 

(behavior) data. 

Research Outcomes/Impact 

“There were 24 mining fatalities in the U.S. in 2019, the U.S. Department of Labor’s Mine Safety and 

Health Administration (MSHA) reports. This is the fewest annual fatalities ever recorded, and only the 

fifth year in MSHA’s 43-year history that mining fatalities were below 30” (Mine Safety and Health 

Administration, 2020). While difficult to quantify, it seems logical to conclude that the utilization of 

more effective safety training is at least partially responsible for this decline in workplace fatalities. CSM 

is driven by the belief that training matters and that an effective safety training program can enhance 

the overall culture and efficiency of an operation. Although it is difficult to identify a direct correlation 

between the quality of regulatory training and worker behavior, it is critically important to adhere to the 

prescriptive requirements of Part 48 training and to provide current, relevant safety training topics to 

maximize the likelihood of safe worker behavior while continuing to improve the safety performance of 

mines across all sectors of the industry.    
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Section 2 

Background 

The United States (US) mining industry includes approximately 536,000 direct jobs and 1,000,000 

indirect jobs (National Mining Association, 2019). Comprehensive data from 2015 reveal that mining 

exists “in all 50 states, Puerto Rico, and the Virgin Islands” with 29% of employees identifying as stone 

and sand and gravel operators, 19% as coal operators, 19% as metal and nonmetal operators, and 32% 

as contractors (Centers for Disease Control and Prevention, 2015). These descriptive and demographic 

statistics are useful in highlighting the demand for delivering regulatory and other health and safety 

related training.  

In the Eastern US, the MSHA Training Academy plays a critical role in providing training opportunities to 

a wide range of professionals in the mining industry. The location of the Academy (Beckley, West 

Virginia), however, presents certain logistical challenges for individuals working at western mines, 

resulting in the under-utilization of this training resource by this industry group. Unfortunately, no 

comparable training facility currently exists in the western states which raises concerns over the quality 

and availability of training opportunities for safety professionals and instructors at western mining 

operations and the impact this may have on training at individual mines. Despite the absence of  a 

western version of the Academy, it is possible to meet some of the critical training needs for the 

western mining industry and its workers through short courses and training activities conducted at 

western universities, such as CSM. 

The Western Mine Training Center (WMTC) is located within the Energy, Mining, and Construction 

Industry Safety (EMCIS) program at CSM and is devoted to the development of effective training and 

education programs for workers engaged in mining operations throughout the Western United States. 

The cooperative agreement between CSM and NIOSH began in September of 2010 and was renewed in 

2014, 2017 and 2020. The overall objective of the cooperative agreement is to reduce the total number 

of injuries and illnesses among workers in western mining operations.  This is accomplished through a 

focused, relevant, and comprehensive training program that educates mine workers on how to identify 

and proactively protect themselves from risks and hazards in the mining environment.  Over the course 

of the cooperative agreement, CSM has continued to improve and expand upon the initial training 

program by focusing extensively on Mine Safety and Health Administration (MSHA) required training; 

being responsive to industry needs for professional and specialized training; and creating educational 
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experiences for university students, faculty and staff.  The key focus of this training program is to meet 

the needs of underserved groups such as suppliers, contractors, consultants, equipment manufacturers, 

and small mine operators. 

Trainees 

Given the scope of the cooperative agreement, most of the mine workers participating in CSM training 

reside and work in Colorado and surrounding western states.   Furthermore, CSM also hosts trainees 

who live in other states or countries, but who work in the Western United States. Additionally, most of 

the mine workers who attend courses offered by CSM are contractors and consultants working on short-

term projects at mine sites and have no internal training programs that could provide MSHA required 

training.  These companies rely on contract trainers, like CSM, for required mine safety and health 

training, as well as professional development courses. 

Staff 

Over the course of the cooperative agreement, the CSM staff consisted of one academic faculty 

member, five research faculty members, two graduate students (from CSM and Colorado State 

University (CSU)), and two CSM undergraduate students.  Among the listed staff is the 2019 addition of a 

research faculty member focused on evaluation and research.  The professional staff has over 190 years 

of professional experience in mining, health and safety, training, and leadership.  In addition, all 

professional staff members have graduate level degrees (i.e. PhD, MS, and MBA), four staff members 

have professional certifications (i.e. PE, CMSP, CIH, and CSP), and five staff members are MSHA 

approved instructors. 

Industry Advisory Council and Industry Needs Assessment 

The experience and education of the professional staff demonstrates a level of expertise in the subject 

matter.  However, to remain current and relevant, CSM meets with an Industry Advisory Council (IAC) 

and conducts industry needs assessments on a periodic basis.  These activities ensure that the training 

provided is responsive to the current trends in the mining industry, as well as addresses any specific 

training needs.  The IAC is comprised of the following types of volunteer members connected to the 

mining industry: 
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• Producers & Operators 

• Suppliers 

• Contractors 

• Attorneys 

• Research Institutes & Academics  

• Construction Companies 

• Fire Departments 

• Service Providers

The most recent IAC meeting occurred on January 16, 2018 at CSM with the following goals: 

• Review and revise as necessary the strategic plan for future program growth 

• Identify training needs, including types of training and topics for training.  

The companies represented include: 

• Freeport McMoRan 

• Southwest Energy 

• Mountain and Plains ERC 

• Westmoreland Coal Company 

• Martin Marietta 

• Husch Blackwell 

• AMS 

• Newmont 

• Rocky Mountain  

• Whiting Petro 

• Atkinson 

• Kiewit 

• GMS Mine Repair 

• Seattle Fire 

• Hecla Mining

The next IAC meeting was tentatively scheduled for 2020.  Unfortunately, due to the coronavirus 

pandemic, the 2020 IAC meeting has not been able to be scheduled but remains a high priority. 

An industry needs assessment was conducted in 2017, and again in 2020.  These needs assessments 

provided valuable information used to improve and expand the existing training. A concise summary of 

the different methods used to solicit feedback from distinct focus groups can be found below. Complete 

reports can be found in Appendix A and B. 

 

 

 

 

 

 

 

 

 

 



10 
 

2017 Industry Needs Assessment 

• Method 

o Direct phone calls 

• Contact Information 

o MSHA databases 

o Society for Mining, Metallurgy 

and Exploration 

o Colorado Mining Association 

o Commercially purchased list 

• Focus 

o Safety Directors/Managers 

o Safety Training 

Directors/Managers 

2020 Industry Needs Assessment 

• Method 

o Electronic survey 

o Chance to win $50 gift card 

• Contact Information 

o Linked-In 

o Facebook 

o WMTC Training Database 

o Society for Mining, Metallurgy 

and Exploration 

• Focus 

o Industry professionals

Collaboration 

In January 2020, the current U60 grantees (CSM and University of Arizona (UA)) met with NIOSH 

representatives to provide an update on goals and objectives of the cooperative agreement. During and 

following this meeting, the opportunity to collaborate with both NIOSH and UA was realized.  

NIOSH:  CSM and NIOSH are currently in the process of formalizing a data analysis and evaluation 

collaboration on a research project within NIOSH called EXAMiner. The intended outcome of this 

collaboration is a report that can be submitted for peer review. A secondary goal is the identification of 

lessons learned during the design and implementation of the EXAMiner software evaluation.  

Background on the EXAMiner is as follows:  

For several years, NIOSH has conducted research aimed at increasing understanding of 

knowledge, skills, and abilities (KSAs) related to mine worker hazard recognition. In an effort to 

put research findings into practice, NIOSH developed the EXAMiner hazard recognition training 

software. This software has been made available to the mining community. Recently, NIOSH has 

worked with stakeholders to implement the EXAMiner software at their sites. The purpose of this 

implementation was to conduct an evaluation study to determine whether the EXAMiner 

software is effective at improving mine worker hazard recognition performance. For this 
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evaluation study, NIOSH researchers worked with three mining companies to incorporate the 

software into existing training programs and then assessed ease of use, evidence and impact of 

learning with mine management, safety professionals and trainers, and mine workers. NIOSH 

has completed this data collection effort and is now preparing to analyze and disseminate this 

data to the mining and research communities.  

University of Arizona: The UA has created several training activities and games that are specifically 

applicable to MSHA Part 48 training.  While UA currently enlists other training entities to pilot their 

products and provide feedback, both CSM and UA agreed that it would be beneficial for both 

universities to have CSM pilot UA products during Part 48 training and provide feedback to UA.  While 

several products were discussed, a card game developed by UA, titled, A Very Good Day, will be the first 

product CSM will pilot.  The goal is to provide an opportunity to enhance the game and possibly expand 

on the methodology to be more specific to various mining sectors. CSM was scheduled to pilot the game 

in March 2020 and provide feedback to UA. However, this activity was postponed until September 10, 

2020 due to work-at-home orders pertaining to the current pandemic. The report was sent to UA in 

October 2020 and can be found in Appendix C. 

Service 

The Specific Aims of the cooperative agreement support the objective of reducing the incidence of 

injuries and fatalities in western mining operations through systematic efforts. However, CSM is driven 

by the belief that to strengthen the health and safety message in the mining community, one must also 

be involved in acts of service. Therefore, CSM staff go beyond the Specific Aims and engage in service 

activities that help advance the health and safety knowledge of those miners in leadership and health 

and safety positions as well as those who educate the mining workforce. The service activities CSM staff 

participated in include the following: 

• Society for Mining, Metallurgy and Exploration 

o Certified Mine Safety Professional 

o Health and Safety Division 

o THRIVE Conference 

o Board of Directors 

• National Occupational Research Agenda  

o NORA Mining Sector Committee Members 
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o NORA Mining Sector Working Groups I and II 

• National Institute for Occupational Safety and Health 

o EXAMiner 

o Mountain and Plains Advisory Council and Lectures 

o Safety and Health Research Advisory Committee Workshops 

• Colorado Mining Association 

o Health and Safety Committee 

• American Exploration & Mining Association 

o Health and Safety Committee 

• Colorado State University, Industrial Hygiene Program  

o Industry Advisory Committee  

• Conference Program Chairs 

Specific Aims 

The cooperative agreement included the following specific aims: 

Specific Aim 1 

The implementation of a safety and health training program intended to satisfy MSHA requirements as 

specified under 30 CFR Part 48 for New Miner and Annual Refresher training in both surface and 

underground operations, MSHA trainer certification, and general mining related first aid training. The 

main focus of this training program is intended to meet the needs of underserved groups such as 

suppliers, contractors, consultants, equipment manufacturers, and small mine operators. This aim is 

designed to supplement and enhance current training activities sponsored through the Colorado MSHA 

State Grants program. Below is the proposed annual course offering. The number of courses conducted 

for each type of training is determined by demand. 

• MSHA Part 48 New Miner Courses (Surface and Underground) – 4 times/year (quarterly) 

• MSHA Part 48 Annual Refresher Courses (Classroom and Remote Format) – 12 times/year 

• MSHA Part 48 Instructor Course – 1 time/year  

• First Aid Training – Demand dependent 

The effectiveness of the Part 48 training will be evaluated by requiring each trainee to complete a 

pre/post examination and a course evaluation form. As part of the program's effort towards continuous 
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improvement, the results of the pre/post-test and the responses on the evaluation forms will be 

analyzed and reviewed to determine what improvements are needed prior to the next course. CSM will 

also continue to determine if students applied what they learned during the New Miner courses after 

they have returned to work and are performing job tasks. Within six months after completion of the 

course, contact will be made with the participants via email requesting information about how they 

applied what they learned to their job. 

 

Specific Aim 2 

The development of a broad-based Professional Training Curriculum that seeks to augment and improve 

the technical abilities, working knowledge, and effectiveness of safety and health professionals/trainers 

in their capacity to train workers at their individual operations, and to assist their mines with the 

implementation of their safety and health management systems. The following training activities will be 

considered annually: 

• Offering presentations/workshops at the Annual Mine Safety and Health Conference.  

• Developing online content for Part 48 Train-the-Trainer courses. 

• Initiating webinar series that focus on current safety and health topics of interest. 

• Offering safety and health training courses for improving the effectiveness of safety and health 

programs and/or safety management systems. 

 

Specific Aim 3 

The development and implementation of an innovative and interactive safety and health educational 

experience for university students, faculty and staff that utilizes effective pedagogies to ensure 

proficiency within mining engineering, economic geology, geological engineering, and the extractive 

industries. The program will target those universities in the Western United States that, given the 

financial limitations of the academic departments, have insufficient faculty and staff to teach safety 

courses. This project aim will be facilitated through two program components including: 

• Conduct safety and health courses for Mining Engineering, Geology and related extractive 

industry undergraduate and graduate students, staff and faculty at CSM. 

• Develop/conduct/offer safety and health short courses and educational experiences for 

undergraduate and graduate students, faculty and staff at Western United States universities.
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Methodology 

CSM focuses its efforts on MSHA required training (Specific Aim 1); being responsive to industry needs 

for professional and specialized training (Specific Aim 2); and creating educational experiences for 

university students, faculty and staff (Specific Aim 3).  CSM believes that creating impactful, effective 

training will empower trainees to take what they have learned back to mine sites and their homes. This 

purpose and action driven learning will result in reduced injuries and illnesses in the mining industry. 

The foundation of CSM’s systematic instructional design methodology is built upon proven industry 

processes and standards as found in Branch’s  Analysis, Design, Development, Implementation, and 

Evaluation (ADDIE) Model (Branch, 2009); Merrill’s First Principles of Instruction (Merrill, 2002), and 

Kirkpatrick’s Four Levels of Training Evaluation (Kirkpatrick, 1994).  CSM employs the ADDIE instructional 

design process to provide an organized approach to develop, deliver, and evaluate training while 

incorporating Merrill’s principles of instruction and Kirkpatrick’s four levels of training evaluation into 

the ADDIE framework. 

Analysis 

The trainees that attend CSM courses are mine workers, underserved groups, health and safety 

professionals, and students, faculty and staff in the extractive industries.  Due to the diverse nature of 

trainees, CSM must remain aware of current trends and best practices in the mining industry to provide 

relevant training that meets the needs of the varying demographics. CSM utilizes the following 

resources to determine applicable training topics:

• Industry Needs Assessments 

• Industry Advisory Council 

• MSHA Initiatives 

• Professional & Trade Organization Data  

• NIOSH Research 

• NORA Mining Sector R&D Goals 

• Trainee Feedback

Example topics used in training during the cooperative agreement include MSHA initiatives, such as 

Powered Haulage, Rules to Live By, and Fire Suppression, as well as topics like Shift Work Survival 

Strategies, Correlation of Sleep and Safety, Training Multiple Generations, and Leadership. 

CSM uses the enhanced training content by incorporating it into the various courses that are offered. 

The prescriptive training requirements found in 30 CFR Part 48 for MSHA New Miner, Annual Refresher, 

and Train the Trainer courses dictate the baseline for what CSM develops. However, CSM uses pertinent, 



15 
 

contemporary health and safety topics to build on and strengthen the required MSHA topics.  CSM also 

uses these topics to create professional development training in the form of conference presentations, 

online training modules and webinars, and university educational experiences.   

Design and Develop 

The five Merrill (2002) principles have been effectively used to assess the dynamics of an environment 

where learning is promoted: (a) when learners are engaged in solving real-world problems, (b) when 

existing knowledge is activated as a foundation for new knowledge, (c) when new knowledge is 

demonstrated to the learner, (d) when new knowledge is applied by the learner, and (e) when new 

knowledge is integrated into the learner’s world. These principles are incorporated into the design and 

development of CSM’s training. 

Due to the repetitive nature of the required training provided by CSM, it is necessary to provide fresh 

and updated material each year.  Therefore, CSM operates under a continuous improvement model 

where each training activity is designed/re-designed, developed, and/or updated based on the following 

schedule: 

Type of Training Designed/Re-Designed Developed Updated 

New Miner Every 3 years Every 3 years Annually 

Annual Refresher Annually Annually Annually 

MSHA Instructor As needed As needed Annually 

Professional Development Annually Annually As needed 

Educational Experiences Upon request Upon request Annually 

In addition to Merrill’s (2002) five principles, CSM uses best industry practices, qualified training 

professionals, interactive content, adult learning techniques, and auditory, visual, and kinesthetic 

methods to design and develop engaging training. This type of training increases participation and 

enhances learning by using teams or groups, encouraging collaboration, and requiring the trainees to 

recall training and experiences. Therefore, when designing or re-designing training, CSM staff 

determines which techniques provide the most impact for the subject matter.  Examples of interactive 

training content and the desired learning outcome used during this cooperative agreement can be found 

below. 
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Interactive Training Content Learning Outcome 

Revisits Recall and explain training 

Games Review training 

Fatalgram Teach-backs Analyze/determine cause/prevention 

Group Exercises Apply knowledge 

Communication Exercises Listen and clarify instructions 

Hazard Cards Recognize and rank hazards 

NIOSH Challenge Hazard recognition 

Harry’s Hard Choices Consequence thinking 

The 2020 COVID-19 pandemic provided many challenges to CSM, especially related to the delivery of 

training courses.  The pandemic brought industry and CSM constraints such as remote work, travel 

restrictions, and shutdowns.  Additionally, CSM had to consider the MSHA requirements to be able to 

physically see the trainees, verify participation for the entire course, and have instructors available to 

answer questions during training. CSM addressed these challenges head-on using the proven methods 

of course design embedded in our instructional design methodology.  After the CSM shutdown on 

March 13, 2020, CSM staff successfully re-designed Annual Refresher for remote delivery via Zoom while 

being cognizant of the MSHA requirements.  Keeping true to our belief that training should be impactful 

and effective, CSM incorporated several tools into the training which resulted in the desired result – 

engaging training.  Examples can be found below. 

Training Tool Training Result 

Audience Response System Enabled competitive games 

Breakout Rooms Allowed for small group discussion 

Polling Provided real-time feedback 

Asking Questions Required the student to pay attention 

 July 27, 2020 was the first day CSM successfully offered limited (10 trainee max) in-person training 

again with strict COVID-19 preparation protocols and training day requirements. While limited in-person 

training is still being offered, CSM understands that not everyone can or is willing to attend. Therefore, 

CSM plans to continue to offer remote and limited in-person training for the foreseeable future. 
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Implement 

After training has been designed/re-designed and developed, CSM delivers the course content to 

trainees as described in the Specific Aims. Upon successful implementation, CSM publishes interactive 

training content on the CSM EMCIS website (https://emcis.mines.edu/templates/ and 

https://emcis.mines.edu/training/other-courses/). During the cooperative agreement, CSM has made 

available recorded presentations on Sleep: The Most Important Component of Safe Behavior and Stress, 

Fatigue, and Your Brain; train the trainer modules on MSHA 101, Job Hazard Analysis, Materials 

Handling, and Safety Management Systems; as well as interactive games such as Mineopoly, You Blew 

Up Our Haul Truck, Jenga, and 4 in the Hole. 

Evaluation 

The Kirkpatrick (1994) model was used to assess the effectiveness of CSM’s training.  Training sessions 

were evaluated for adherence to course objectives, effectiveness of instruction, conduciveness of the 

training environment, value of course content, and applicability of training to daily work activities.  

Trainee feedback was used to improve and refine the course content and delivery.  Additionally, 

comments and recommendations regarding the training or the training topic was solicited from trainees 

and broadly from industry stakeholders through biennial training needs assessments.  CSM applied 

three of Kirkpatrick’s four-level evaluation model (see below).   

Level Evaluation Type 
(what is measured) 

Evaluation Description and 
Characteristics 

Examples of Evaluation 
Tools and Methods 

1 Reaction & 
Satisfaction 

Reaction evaluation is how the 
learners felt about the training; 
it is a form of customer 
satisfaction. 

Feedback forms, verbal 
forms, verbal reaction, 
post-training surveys, or 
questionnaires. 

2 Knowledge  
Retention 

Evaluations efforts seek to 
identify whether learning has 
taken place as a result of 
training.  

Pre- and post-tests 
conducted for New Miner 
trainings delivered. 

3 Application & 
Implementation 

Application evaluation refers to 
examining trainees’ use of 
knowledge gained through 
training.   

Follow-up surveys 
administered 6-months 
post New Miner training 
sessions.  

Training was evaluated in terms of instructor effectiveness, quality of the content and instruction, and 

student learning and performance, among other criteria of effectiveness.   Evaluation efforts were both 

formative (trainee’s progress as demonstrated by pre- and post-tests for new miner sessions, 
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attendance, and instructor’s reflection of effectiveness) and summative (trainees’ evaluation of course, 

and instructor’s observations and analysis of quality of student learning). Overall and specific findings for 

evaluation methods are detailed in the Results and Discussion section below. 

Course Evaluation Form (Level 1) – At the end of each training session, trainees were asked to complete 

a course evaluation form.  This evaluation solicited ratings on the course quality utilizing a variety of 

descriptive factors, including, but not limited to: content, pace, and quality of instruction; use of visual 

aids and course materials; and opportunities for discussion and engagement with the instructors and 

other participants.  Evaluations were consolidated for each course and reviewed by CSM staff and 

instructors shortly after the completion of the training as a means of continuous improvement which 

could include revisions in materials, training content and teaching methodology.  For example, based on 

evaluation feedback, more “gamification” and interactive activities have been included in our Annual 

Refresher course.  The new course design has received favorable reviews from trainees and has 

incorporated adult learning principles and Part 48 training requirements resulting in a better product. A 

copy of the evaluation can be found in Appendix D.   

Pre- and Post-Test for New Miners (Level 2) – The effectiveness of the Part 48 New Miner training was 

evaluated by requiring each trainee to complete a pre- and post-test to measure the level of knowledge 

gained during the New Miner course under a variety of teaching methods. The test questions were 

developed according to MSHA regulations and the CSM MSHA Training Plan curriculum. Upon 

completion of the New Miner course, the results of the pre- and post-test were analyzed and compared. 

Historically, CSM has seen an improvement of 20 percentage points from the pre- to the post-test with 

trainees scoring in the 60% range on the pre-test and greater than 80% on the post-test.  The findings 

are used to determine the effectiveness of the training and provide opportunities for training 

improvements.  For instance, if trainees consistently miss a question or if collectively trainees are not 

scoring as expected, CSM evaluates the training method for that topic(s) and adjusts it accordingly. 

New Miner Follow-up Survey (Level 3) – Each New Miner trainee was sent a survey by email 

approximately six months after the completion of the course.  The follow-up survey (sent using Survey 

Monkey) requested feedback regarding the applicability and value of training on the trainees’ 

experience working (directly or indirectly) on mine sites. The data collected from the follow-up survey 

helped provide a better understanding of the lasting effects of the training through trainee self-

reporting. Not only was the data collected used for reporting purposes, they were subsequently used to 
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evaluate and improve the training pedagogy, materials, course instructors, and the types of courses 

offered. New Miner follow-up survey questions can be found in Appendix D. 

Results and Discussion 

The following section details results and discussion concerning grant activities. Supporting evidence is 

also included in Appendices following this report.  

Training Courses and Health & Safety Related Outreach  

The following table summarizes results and impact concerning each of the specific aims described 

earlier. With regard to Specific Aim 1, CSM staff met or exceeded the number of proposed activities in 

all but one area (MSHA Instructor Courses), which was due to a lack of enrollment for the course. 

Otherwise, five additional New Miner courses were offered during the grant period, seven additional 

Annual Refresher courses, and four Training Tools were developed to enhance the course offerings.  

Regarding Specific Aim 2, four additional conference presentations were delivered, two recorded 

presentations, three webinars, as well as a total of five Train-the-Trainer short courses. Many of these 

activities were not proposed initially, but were completed to promote compliance and best practices in 

ensuring a safe and healthy workforce in the mining industry. Similarly, activities listed under Specific 

Aim 3 exceeded the proposed expectations regarding outreach and providing quality educational 

experiences for students at CSM and other Western universities. Two additional educational 

experiences were provided for CSM students during the grant period and nine at other Western 

universities. Additional detail regarding all activities categorized under Specific Aim 2 and Specific Aim 3 

is included in Appendix E. 

 

Proposed Actual
Length of 

Time
Number of 

Trainees

Number of 
Training Days

Specific Aim 1
New Miner Courses* 12 17 3 days/4 days 241 937
Annual Refresher Courses (In-person and Remote) 36 43 1 day 646 646
MSHA Instructor Courses 3 2 2.5 days 11 27.5
Training Tools 0 4 NA NA NA

Specific Aim 2
Conference Presentations 3 7 1 hr/20 min 357 39.5
Recorded Presentations 0 2 1 hour NA NA
Online Train the Trainer Short Courses 0 5 35 min-2 hr NA NA
Webinars 0 3 1 hour 58 7.3

Specific Aim 3
Educational Experiences @ CSM* 3 5 1 hr-4 days 92 268.4
Educational Experiences @ Western Universities* 0 9 1 hr 153 24.9

* Includes CSM MNGN308/New Miner 3 Courses, 65 Students, and 305 Training Days
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The number of trainees or individuals reached, and the number of contact or training days met through 

these efforts serve as a measure of impact over the past three years.  Among the Annual Refresher and 

New Miner courses, a total of 898 individuals were served over 1610.5 days of training. Additionally, 415 

individuals were reached through conference presentations and webinars spanning a total of 46.8 days. 

Finally, through educational experiences provided between 2017 and 2020, 245 students were 

contacted over 293.3 days.  

Evaluating the WMTC 

Both quantitative and qualitative data were collected to measure the effectiveness of Annual Refresher 

and New Miner (Surface and Underground) training delivered between 2017 and 2020. The following 14 

survey items were used to solicit ratings and perceptions from trainees:  

1. How was the content of this course? (5-point Likert Scale: Excellent to Poor) 

2. How was the pace of this course? (5-point Likert Scale: Excellent to Poor) 

3. How was the level of this course? (5-point Likert Scale: Excellent to Poor) 

4. How were the visual aids of this course? (5-point Likert Scale: Excellent to Poor) 

5. How was the course material of this course? (5-point Likert Scale: Excellent to Poor) 

6. How was the opportunity for discussion of this course? (5-point Likert Scale: Excellent to Poor) 

7. How was the opportunity to interact with instructors of this course? (5-point Likert Scale: 

Excellent to Poor) 

8. How was the opportunity to interact with participants of this course? (5-point Likert Scale: 

Excellent to Poor) 

9. What was your overall evaluation of this course? (5-point Likert Scale: Excellent to Poor) 

10. Will the training you received be useful in your job? (Yes or No) 

11. Will the training you received be useful in training others? (Yes or No) 

12. In your opinion, what were the most significant strengths of this training? (Short Answer) 

13. In your opinion, what were the most significant weaknesses of this training? (Short Answer) 

14. Any additional comments? (Short Answer) 
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Data were analyzed based on each individual grant year, as well as aggregated, to provide a total three-

year representation of training effectiveness. Findings and discussion are detailed below. 

Annual Refresher Training 

Among 646 individuals completing a total of 43 Annual Refresher training courses between 2017 and 

2020, 95% reported an overall evaluation rating of ‘Excellent’ or ‘Very Good.’  The technical areas 

measured include quality of instruction (pace, level, opportunity for discussion, opportunity to interact 

with instructors and participants), as well as the quality of 

the subject matter (content, visual aids, course material). 

Findings indicated a high level of effectiveness of Annual 

Refresher trainings delivered between 2017 and 2020.  

Among all content areas, the only element measured that 

received less than 90% of respondents reporting either 

‘Excellent’ or ‘Very Good’ concerned the use of visual aids, 

which was rated ‘Excellent’ or ‘Very Good’ by 89% of trainees 

(Figure 1). These findings were further supported by 

qualitative data, which is summarized below.  

Steady Improvements  

Based on a 5-point Likert scale, with 5 being ‘Excellent’ and 1 indicating ‘Poor,” the average rating score 

among each evaluation content area was found to 

be highly-rated continuously each year, with slight 

improvements made annually in several areas 

(Figure 2). For example, regarding the overall 

evaluation rating, the average score increased 

from 4.51 in 2017/2018 to 4.52 in 2018/2019 and 

to 4.64 in 2019/2020. Among all evaluation 

criteria, this annual improvement analysis revealed 

enhancements were made over three years in all 

but three areas. Regarding ‘opportunity for discussion,’ mean ratings remained the same (4.64 out of 5) 

in 2017/2018 and in 2019/2020. The only areas that showed a decline concerned the ‘opportunity to 

Annual Refresher 
Evaluation (2017-2020)
N=646 trainees among 

43 courses

Excellent or 
Very Good

Content 95%
Pace 91%
Level 92%

Visual Aids 89%

Course Material 91%

Opportunity for 
Discussion

93%

Opportunity to Interact 
with Instructors 93%

Opportunity to Interact 
with Participants 91%

Overall Evaluation 95%

Figure 1: Annual Refresher Evaluation 
 

Figure 2: Annual Refresher Improvements (2017-2020) 
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interact with instructors,’ (4.67 in 2017/2018 to 4.63 in 2019/2020) and ‘opportunity to interact with 

participants’ (4.55 in 2017/2018 to 4.51 in 2019/2020).  

Qualitative Insights – Annual Refresher 

More than 2800 narrative comments were collected from trainees completing Annual Refresher courses 

between 2017 and 2020. Figure 3 shows a word cloud of most common words represented among 1166 

comments about the perceived strengths of the training. Themes from the narrative data revealed 

trainees’ positive perception regarding the use of games and other interactive training methods used to 

keep participants engaged. Sample comments illustrating these strengths are as follows:  

 “I enjoyed the interactions with others and 

the game style trivia format.  It kept me 

engaged and I learned more as a result.” 

“Interaction. It's not just PowerPoint slides 

but group work to learn via games and 

discussion.” 

“Course interaction. You have eliminated a 

lot of power point presentations. I really 

enjoyed the course this year.”  

“Enjoyed the “games” which made it fun 

while we were learning - time went fast.” 

“The interactive training components was 

helpful to engage the students and drive 

participation.” 

“Hands on and the jeopardy. Interaction 

with others in class. Nice to have different 

instructors makes the material presented 

better.” 

“Hands on and the games to keep everyone 

interested. This made it fun.” 

“Engaging instructors delivering information 

well.” 

“Games are a fun way of learning.” 

“The training games made the course more 

enjoyable.” 

“I think keeping the environment interactive 

and fun was a huge strength and much 

appreciated.” 

“I believe the interactive games we played 

were the most beneficial. Keeps people 

Figure 3: Annual Refresher Strengths (2017-2020) 



23 
 

engaged and not dose off. Incorporating 

participation between others.” 

“Interactive! Jenga and trivia.” 

“Best MSHA training I have ever attended. 

Great interaction.” 

 “Interactive nature of presentation made 

the day fly by!” 

“Learning through play to keep students 

engaged.” 

“The interactive nature of the training 

makes it memorable.” 

Another theme from the qualitative data collected regarding strengths of Annual Refresher training 

involved the quality of instruction; specifically highlighting the competencies and experience of 

instructors. For example:  

“Knowledge base and real world 

applications.” 

“Content and instructors knowledge.” 

“Great instructors.” 

“Knowledgeable instructors who present in 

an interesting exciting manner.”  

“Very knowledgeable on subject matter.” 

“Instructors had good energy while teaching 

a dry subject.” 

 “Instructors had real life experience.” 

“The knowledge of the instructors!” 

“Love the knowledgeable instructors.” 

“The instructors are engaged and clearly 

enjoy their work.” 

Among 965 narrative comments collected by Annual Refresher trainees between 2017 and 2020, no 

major themes were revealed (Figure 4). Instead, the qualitative feedback focused on structural or 

environmental influences. For example, some 

trainees noted that the lunch break was too long or 

the desire to work through lunch or to have lunch 

provided. Other examples of environmental 

weaknesses pertained to some trainees reporting 

that traffic was bad, chairs were too hard, or that 

the training room was too cold.  

A minor theme regarding perceived weaknesses 

concerned the platform used to complete the 

evaluation for the training. As such, discussions are 
Figure 4: Annual Refresher Weaknesses (2017-2020) 
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currently underway to compare options for conducting training evaluation in the future. Below are 

examples of trainees’ comments regarding evaluation techniques as a weakness about the training:  

“Honestly I really don’t like the way we 

complete the evaluation. It’s time 

consuming and irritating waiting for 

everyone to get to the same point.” 

“The final evaluation on Turning Point is 

horrible.” 

“I hate this evaluation system.” 

“The electronic evaluation form.” 

Among the remaining 714 narrative comments collected in response to the final item, ‘Any additional 

comments?’ a major theme involved trainees’ expressed appreciation for the training and the quality of 

instruction (Figure 5).  In addition, numerous 

comments illustrated a pattern concerning trainees 

coming back to complete Annual Refresher training 

year after year. Trainees further noted satisfaction 

for efforts to update the training delivery each 

year.  For example:  

“Great improvements this year, and fresh 

instructor perspectives!” 

“Over 30 years of MSHA training and this is 

the best course in terms of techniques used, 

variety and interaction. This is 3rd year and 

has something different each time.” 

“Best yet - every year your content 

improves. Excellent, knowledgeable 

instructors.”  

“I like that the course is refreshed every year 

and not stale. Thanks so much.” 

“Good the way they mix it up each year, and 

make it different, relevant and practical.”  

“I've been taking this class for several years 

and it seems to be getting better each year. 

It covers the material in an interesting way 

and makes the 8 hours go by much faster. 

Thanks for the great work!” 

“I have been to probably 15 of these… been 

to this one the last 4 years and it’s the best I 

have been to.” 

  

Figure 5: Annual Refresher Additional Comments (2017-2020) 
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Remote Delivery Results 

In March 2020, stay-at-home orders due to the COVID-19 pandemic required the remote delivery of 

previously-scheduled Annual Refresher training. Between March and August 2020, four remote trainings 

were delivered and 57 individuals trained. Evaluation data were analyzed separately due to the 

substantial differences involved in delivering training in a synchronous and remote environment. Figure 

6 displays the positive ratings among trainees 

concerning all evaluation areas measured. It 

is noteworthy that the overall evaluation was 

rated higher (98% reported ‘Excellent’ or 

‘Very Good’) by trainees from the remote 

delivery sessions compared to the larger 

sample of trainees who completed Annual 

Refresher training in person (95% reported 

‘Excellent’ or ‘Very Good’).  

When analyzing the narrative data collected from trainees who completed the remote trainings, findings 

were similar to the qualitative themes presented above. Figure 7 shows various themes represented in 

the data, included the value of using games to maintain participant interaction and the knowledge and 

expertise of instructors. Trainees also expressed satisfaction with being able to complete the training 

remotely, rather than having to cancel and reschedule their Annual Refresher. Examples of narrative 

comments collected illustrating these themes include the following:  

“Interaction and quality of teaching 

material.” 

“I thought that the on-line format actually 

work well less a couple of minor technical 

glitches. The knowledge of the instructors is 

excellent.” 

“I like the online version.  I like the fact it 

was in one day and I was able to just leave 

my jobs for one day.” 

N=57 trainees among 4 courses 

Figure 6: Annual Refresher Remote Delivery (2020) 

 

Figure 7: Annual Refresher Remote Delivery Strengths (2020) 
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“I really appreciate how well done the 

interaction was for an online course. It kept 

me interested and was fairly easy to sit 

through. The presentations were very 

organized. Clean and neat.” 

“Being able to access from remote.” 

locations. Many people are unable to travel 

during COVID situation. The instructors 

were also very knowledgeable in the topics 

they presented.”  

“The games to keep it interesting.” 

“Games and stories that are interactive is 

great.” 

“Being able to still do interactive games, 

quizzes and breakout sessions was great! 

“Being a virtual course I had my 

reservations about how to engage, but the 

engagement pieces (jeopardy, soccer, etc.) 

actually worked very well. I liked being 

called on randomly. The engagement side 

surprised me.” 

Given that physical distancing requirements are currently still in-place, discussions are underway 

regarding expanded remote delivery options for Annual Refresher training. Evaluation data will continue 

to be collected and analyzed to support decisions regarding remote and in-person training offerings.  

New Miner Training (Surface and Underground) 

Between 2017 and 2020, New Miner training was delivered to 176 individuals with a distinction for 

either surface or underground, or both. An additional 65 individuals were trained using the New Miner 

curriculum that follows the MSHA-approved training plan currently in use. These 65 individuals 

completed the New Miner training for course credit associated with their degree program requirements 

in Mining Engineering at CSM.  In total, 937 training days were conducted across 62 New Miner courses, 

reaching a total of 241 individuals between 2017 and 2020.  

The evaluation findings for New Miner training remained 

significantly high, similar to findings from the Annual Refresher 

evaluation presented previously. Among the sample of 241 

New Miner trainees, 91% reported an overall evaluation to be 

‘Excellent’ or ‘Very Good.’ Figure 8 shows the percentage of 

trainees who offered the highest rating in each technical area 

measured. The most favorable ratings were received regarding 

training ‘Content’ (93%) and the ‘Opportunity to Interact with 

Instructors’ (92%). It is interesting to note the areas least likely 

New Miner Evaluation (2017-2020) 
N=241 trainees among 62 courses

Excellent or 
Very Good

Content 93%

Pace 83%
Level 85%

Visual Aids 88%

Course Material 86%

Opportunity for Discussion 90%

Opportunity to 
Interact with Instructors 92%

Opportunity to 
Interact with Participants 86%

Overall Evaluation 91%

Figure 8: New Miner Evaluation (2017-2020) 



27 
 

to be rated high by trainees pertained to ‘Pace’ (83%) and ‘Level’ (85%). As a point of discussion, these 

findings are not surprising. A major difference between Annual Refresher and New Miner training is the 

MSHA-required training hours to be certified (8-hours for Annual Refresher; 24-hours for New Miner-

Surface; and 40-hours for New Miner-Underground). Qualitative data, presented below, revealed a 

moderate perception held by trainees regarding training hours for New Miner training, as well as the 

level of the curriculum intended to reach trainees seeking a surface or underground training certificate. 

Still, in comparing the total New Miner and Annual Refresher evaluation data, trainees consistently 

provided high ratings among all technical areas and the training overall, indicating a high level of 

effectiveness of the WMTC.    

Qualitative Insights – New Miner 

Nearly 1900 narrative comments were collected from 

trainees completing New Miner courses between 

2017 and 2020. Figure 9 shows a word cloud of most 

common words represented among all qualitative 

data collected, whether pertaining to strengths, 

weaknesses, or additional comments. As shown, the 

major themes concerned trainees’ favorable ratings 

of the course overall and the training content to 

prepare them for working on a mine site. The word clouds in Figure 10 compares the most common 

strengths identified among trainees from New Miner-Surface courses and New Miner-Underground 

Figure 10: New Miner-Surface and New Miner-Underground Strengths (2017-2020) 

Figure 9: New Miner Total Qualitative Data Analysis 
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courses. Major themes about perceived strengths were more evident among the 526 comments 

collected from New Miner-Surface trainees, as compared to the 369 comments collected from New 

Miner-Underground trainees.  Additional detail regarding qualitative themes is presented below.  

Surface Strengths 

The most prominent theme revealed in analyzing trainees’ perceived strengths of the New Miner-

Surface course concerned the effectiveness of using multiple instructors and their credibility as 

experienced trainers and safety professionals. A sub-theme was also revealed regarding the use of 

stories lending to the effectiveness of the training. For example:  

“The depth and breadth of knowledge 

brought by the instructors.”  

“Knowledgeable instructors with real-world 

site experience.” 

“The passion and direction of the instructors 

throughout the program.”  

“Breadth of instructor knowledge.” 

“Great course overall, appreciated the mix 

of instructors and vast knowledge and 

experience!” 

“Multiple instructors with different 

backgrounds in mining.” 

“Having experienced instructors with real 

world experience.” 

 “The instructors bring a lot of knowledge 

and experience and shared quite a bit of it.” 

“Great instructors with a lot of knowledge 

and first-hand information to share.” 

“Multiple instructors kept the class 

interesting and different instructor 

backgrounds helped add additional value.” 

“The instructors were knowledgeable & 

encouraged discussions.” 

“The knowledge of the instructors and the 

live stories they shared.” 

“Knowledge of instructors and stories told 

to make the content real.”

Underground Experience 

A major difference between the New Miner-Surface and New Miner-Underground training involves a 

mine tour at the Edgar Experimental Mine, operated by CSM. A major theme in the qualitative data 

collected from trainees completing the New Miner-Underground course illustrated the value of this tour 

to provide real-world experience. Further, the effectiveness of instructors was noted by trainees as a 
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strength of the New Miner-Underground training program. A sample of comments representing these 

two major themes is including below:  

“Hands on approach and real world 

experience of instructors.” 

“Actual mine visit.” 

“Going into the Edgar mine and seeing how 

to escape.” 

“Onsite training at Edgar mine.” 

“Use of experienced miners and their 

stories.” 

“Hands-on experience at a mine.” 

“Going to Edgar mine and experiencing the 

underground and seeing the potential 

dangers.” 

“The interactive educational mine tour at 

the Edgar mine.” 

“Underground mine visit. Very experienced, 

educated and professional instructors.” 

 “Hands on mine visit was outstanding.” 

“Visiting the mine, very informative, hands 

on learning.” 

“Instructors know what they’re talking 

about.” 

“Mine visit at Edgar.” 

“The instructor’s knowledge as well as being 

able to go into a real mine.” 

 “Truly appreciate the instructors’ discussion 

and expertise in the field.” 

“Instructor knowledge and spending time in 

the mine.” 

“The instructors were very competent and 

conveyed the information with ease and 

with every intention to make everyone more 

safe.” 

Pre- and Post-Test Evaluation 

In order to measure training effects on learning, a pre-test is administered to New Miner trainees on the 

first day of class, prior to the beginning of instruction. The pre-test consists of 26 items pertaining to 

MSHA standards and the objectives of the training. Topics include, but are not limited to: MSHA-

requirements, health hazards, rigging, electrical safety, first-aid, workplace examinations, and hazard 

communication.  Ten (10) additional items are included for New Miner-Underground trainees, including 

topics such as escapeways, self-rescue devices, ground control, ventilation, methane, refuge chambers, 

and Diesel Particulate Matter.  
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At the end of the final day of training, an identical post-test is administered and results are compared 

against the trainees’ pre-test to determine the level of learning that occurred as a result of the training. 

An audience response system is used to administer the pre- and post-test electronically, which allows 

the instructor to monitor the responses and the number of trainees whose answers are incorrect for a 

specific item. If several trainees miss the same item, a discussion is facilitated to ensure trainee 

comprehension of the subject matter.  

A comparison of results from classes held 

between September 1, 2017 and August 31, 

2019 showed class average scores of 66% 

on the pre-tests and 87% on the post-tests, 

translating to an average overall 

improvement of 21%.  Figure 11 includes 

the average pre- and post-test scores, as 

well as the improvement ratio for New 

Miner training relative to the total and by 

surface or underground distinction. It is interesting to note that while New Miner-Underground trainees 

scored higher on pre-test assessments (68% compared to New Miner-Surface trainees at 64%), learning 

among New Miner-Surface trainees was greater (24% compared to New Miner-Underground trainees at 

22% learning).  

Additional Measures of Impact  

As an additional measure of evaluation and impact of the WMTC, trainees were asked, ‘Will the training 

you received be useful in your job? (Yes or No)’ and ‘Will the training you received by useful in training 

others? (Yes or No).’ Figure 12 shows that more than 98% of all trainees between 2017 and 2020 

indicated that the training would be useful in their jobs. Additionally, when asked whether the training 

received would be used to train others, New Miner trainees were slightly more likely to answer ‘Yes’ 

(89% compared to 88% of Annual Refresher trainees). These findings are encouraging and indicate a 

level of effectiveness based on Kirpatrick’s (1994) Level 3 concerning the impact that training may have 

on one’s behavior. While it is not possible to directly measure effects on behavior, these data suggest 

Figure 11: New Miner Trainee Pre- and Post-Test Learning (2017-2019) 
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that trainees have a high level of confidence that the training received at CSM will be used in their job, 

as well as to train others.  

A final evaluation activity leading to insights regarding Kirkpatrick’s (1994) Level 3 or behavior effects 

comes from a follow-up survey administered remotely to trainees from New Miner courses six-months 

following their completion of the training. Between 2017 and 2020, 75 former trainees completed this 

brief follow-up survey that includes four items:  

1. Have you visited/worked on a mine site since completing your New Miner training?  

2. How well do you feel the training prepared you for the hazards encountered on a mine site?  

3. Are there any additional topics you feel should have been covered that would have better 

prepared you?  

4. Would you recommend this training to others? 

A total of 73 trainees (81%) responded to the first question concerning whether they had visited or 

worked on a mine site since completing the training.  On a scale of 1-5, with 1 indicating ‘Not at all’ and 

5 indicating ‘Extremely well,’  68% of the responses reported ‘Extremely well’ or ‘More than expected’ 

when asked how well they felt the training prepared them for hazards on a mine site. Only nine 

narrative comments were collected from the follow-up survey regarding additional topics that trainees 

thought should have been covered during training. These comments are as follows: 

 

 

 

Figure 12: Trainees Reporting of Relevance and Plan to Train Others (2017-2019) 
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“I work for EPA and we deal with 

Abandoned Mines more than Active ones, I 

realize those aren't necessarily a MSHA 

topic, but some additional focus on safety in 

abandoned mines or even ones that are 

going to be refurbished/reopened would be 

useful to folks like me.” 

“It's been long enough that I cannot 

remember all topics covered. Although I do 

recall that they were presented in a way 

that kept my focus.” 

“Don the new self-rescuer.” 

“More training in the mine. Possible mining 

companies willing to allow students to get 

their underground safety onsite training.” 

“If time was available, maybe a bit more 

first aid - Just makes us better prepared 

even when not on a mine site.” 

“Potentially hazardous unique situations in 

different types of mines (aggregates, coal, 

metal mining).” 

“It might have been nice to have some 

additional discussion around equipment 

blind spots.” 

“My experience is that health hazards are 

not well understood by miners. Basic hazard 

communication program elements 

appeared weak at some mines I have been 

to.”

The final item on the follow-up survey concerned whether trainees would recommend the CSM training 

to others and a total of 71 out of 74 (96%) respondents indicated ‘Yes,’ which is considered a measure of 

effectiveness.   

Summary and Key Takeaways 

CSM leadership and staff are proud to share the results and discussion of impact made to promote 

compliance and best practice in health and safety among the Western mining industry. The main 

activities of the WMTC have to do with providing regulatory training to underserviced populations 

working on mine sites, including contractors, suppliers, consultants, equipment manufacturers, and 

small mine operators. With the support and collaboration of NIOSH and other mining stakeholder 

groups, CSM continues to develop and deliver highly effective training, as detailed in this final report.  

Based on the data presented, the following are the major takeaways identified from the overall 

evaluation, as well as analysis of technical aspects of the EMCIS training program. 

1. Utilizing instructors with mining experience, who are technical experts in the topic they teach, 

provided credibility to the courses.  
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2. Incorporating multiple instructors during training courses, either as team instructors or 

sequentially changing throughout the training, increased the attention span of trainees.  

3. Integrating personal safety and hazard recognition through stories and case studies provided 

real-life, relatable examples for trainees.  

4. Allowing opportunities for discussion with both instructors and trainees increased learning as 

trainees learn valuable insights through non-structured conversations with peers and instructors 

alike.   

5. Structuring training around active learning techniques such as competitive games, interactive 

polling, small group exercises, hands-on activities, and practical demonstrations improved 

participation and learning.  

6. Re-imagining routine training systematically enhances the quality of the training. 

Conclusions 

The NIOSH Mining Program exists “to eliminate occupational diseases, injuries, and fatalities among 

workers in the mining industry” (National Institute of Occupational Safety and Health, 2019). CSM works 

to compliment and support this overall mission by providing regulatory training and other health and 

safety activities toward the goal of reducing and ultimately, eliminating health hazards, injuries, and 

fatalities in the mining industry. 

According to Childers (2020), “In 2019, 24 mining workers were killed, the fewest number of fatalities 

ever recorded and only the fifth year in MSHA’s 43-year history when mining fatalities fell below 30” 

(Childers, 2020).  While the number of fatalities is declining, it may be assumed that the increased safety 

performance in mining is related to more effective training.  CSM is motivated by the belief that training 

matters and that effective training can influence worker safety within the mining industry. Although it is 

difficult to identify a direct correlation between the quality of regulatory training and worker behavior, it 

is important to maintain the prescriptive requirement of New Miner and Annual Refresher training to 

maximize the likelihood of safe worker behavior and continue to improve the safety performance of 

mines across the industry. Additionally, while the mine safety and health training may be directed 

towards mining workplace hazards, those individuals who are able to apply what they have learned to 

other aspects of their life will be proficient in identifying hazards and avoiding injuries.  These individuals 
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will also convey this knowledge to others creating a cumulative effect which is often overlooked but 

represents an important outcome of work-related safety and health training.  

Publications 

Guasta, L., Miller, H., & Reiher, M. (2020). Regulatory training needs assessment: Survey highlights 
industry trends and best practices. Mining Engineering, 72(10), 32-36. 

Note: Full article can be found in Appendix F 
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Training Needs Analysis – Energy Mining & Construction Industry Safety Program 

In 2017, the Energy Mining & Construction Industry Safety Program at CSM conducted a training needs 
analysis focused on safety and health training (McDaniel, 2017). The survey was conducted exclusively by 
telephone with EMCIS staff contacting each mine and requesting the participation of mine safety and 
training personnel. Contact information was obtained from publically available sources, including MSHA 
databases, SME, the Colorado Mining Association, and a commercially purchased list, and focused on 
safety and training directors and managers.   In general, where EMCIS staff was successful in connecting 
with the correct party for a particular mine or organization, those parties were willing to participate in the 
survey and to provide valuable input regarding their  training needs.  

The survey pool of possible contacts covered surface and underground facilities, as well as coal, metal/ 
non-metal, and one industrial mineral facility. The pool included 49 coal operations comprised of 33 (67%) 
that operated surface mining facilities (one of which also identified as also having underground 
operations) and the balance (33%) represented operating underground mines. The pool included 52 
metal/non-metal operations comprised of 38 (73%) that operated surface mining facilities (6 of which also 
identified as having underground facilities) and the balance (27%) were operating underground.  Materials 
mined at operations included in the survey included: Gold, Copper, Silver, Molybdenum, Uranium, 
Platinum, Lead, and Zinc.  Additionally, 10 mining industry service providers were included in the survey 
given that they often need training but lack the dedicated facilities or staff necessary to complete it.   

Of the 112 attempted contacts in the survey pool, CSM received input from 32 parties for a response rate 
of 29%. Of the responding parties:  

• Twenty-three (72%) identified as surface operations,  
• Six (19%) identified as underground, and 
• Three (9%) operated both surface and underground operations.  

Within that same group of responders: 

• Twenty-one (66%) identified as coal operations, 
• Nine (21%) identified as metal/non-metal operations, and 
• Two (6%) identified as contractors that work in both commodities. 

Difficulties in the response rate included getting valid contact information, determining the correct party 
to connect with, working through endless electronic firewalls and dial-by-number options, and getting 
parties to return messages.  

The survey was comprised of six questions, where each of had one or more sub-parts and/or pre-
determined answer choices.  These questions included: 

1. Do you conduct MSHA-required training for your employees? 
2. Who provides the MSHA required training?  
3. What training materials are being used in your training?  
4. What other types of employee training would be beneficial to your employees? 
5. What do you need to improve your employee training?  
6. What types of Professional development training courses would you be most interested in? 
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Note: The compiled results represent an aggregate and may exceed 100% as companies responded 
positively to move than one category (i.e. they conduct New Miner and Annual Refresher Training). Also, 
it is important to note that the results represent the number of operations that responded.  

The results of this training needs analysis indicated that: 

• One-hundred percent of the mines conducted some form of MSHA-required training. The 
breakdown of the results showed that mines conduct New Miner (79%), Annual Refresher (85%), 
Mine Specific (79%), and Task Specific (76%) trainings. 

   
• This training was mostly provided by internal on-site personnel, including trainers and 

representatives of the safety and health staff (82%), or headquarters/regional safety and health 
staff (15%). The survey showed that 45% of the responders used external trainers for some 
component of their training needs. This need was met by a combination of private and state 
agencies on roughly an even basis where identified.  

 
• Training materials needed, included CD/DVDs (76%), toolbox training (52%), interactive exercises 

(52%), and PowerPoint training presentations (79%). Twenty-seven percent of respondents 
indicated that they also use some other form of training material besides those four categories. 
Examples of this included staging equipment and emergency exercises for employees to work 
through pre-determined problems.  

 
• For employee training, mines were interested in receiving an array of additional training. This 

included age awareness training (9%), ergonomics (27%), and heavy lifting (15%). The category of 
greatest interest was in the area of risk management/hazard awareness (27%). The author notes 
that the survey response are skewed as many respondents indicated that these are topics that 
they have self-identified and proactively incorporated into their training curriculum.   

 
• When asked what else they needed to improve their employee training, many replied: 

o Provide new training materials at no or low cost (39%) that: 
 are updated, fresh, fun, interactive, interesting, and specific to mining; 
 can be used for safety meetings; 
 cover topics such as, health hazards, hearing conservation, hazard 

communication, surface ground control, respiratory protection, and task hazard 
analysis. 

o Provide Safety Specialist training courses (36%) 
o Provide MSHA Instructor courses (33%) 
o Provide Train-the-Trainer courses (39%)  
o Assist mines with developing site-specific training programs (15%) 
 

• When asked what locations were preferable for training, responses varied. The respondents gave 
multiple comments on the current difficulties of travel for dedicated training activities.    

o Provide training at conferences (30%) 
o Provide training off-site (but not at a conference) (18%) 
o Provide dedicated on-site classroom training (21%) 
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• Provide Web based training (30%)When asked what else they needed to improve their 
professional training, responses included: 

o Offer courses that are closer to mines, at conferences, and on the internet (webinars); 
o Make information readily available, such as placing training on-line so it can be accessed 

by multiple employees; 
o Provide training that covers various topics related to safety management (roles and 

responsibilities of safety management, accident investigation, work area surveys 
/inspections, behavior-based safety, implementation of safety interventions, workers' 
compensation, integration of safety with business model, and review of MSHA standards); 
health (industrial hygiene, hearing conservation, and asbestos), adult learning, and 
mining. 
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Appendix B – 2020 Training Needs Assessment 
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Appendix C – A Very Good Day Review and Collaboration Feedback  
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Appendix D – Course Evaluation Forms 
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COURSE EVALUATION 
Energy, Mining, & Construction Industry Safety Program   

Colorado School of Mines 
Golden, CO  80401 

Course Title:                            
Date:                             Instructors:  EMCIS Staff 

 
This questionnaire is designed to help CSM maintain a standard of excellence in this program and others.  You may or may not choose 
to sign the form.  In either case, we appreciate your help and look forward to your participation in future programs at CSM. 

1.  Technical Aspects 
  

Excellent 
Very 
Goo

 

 
Good 

 
Fair 

 
Poor 

 
COMMENTS 

 
Content 

      

 
Pace 

      

 
Level 

      

 
Visual aids 

      

 
Course material 

      

 
Opportunity for  discussion 

      

Opportunity to interact 
with instructors 

      

Opportunity  to interact 
with participants 

      

 
Overall  evaluation 

      

2. a.   In your opinion, what were the most 
significant strengths of the program? 

b.  In your opinion, what were the most 
significant weaknesses of the program? 

 
3.  Will the training you received be useful in your job?   Yes / No    Please comment. 

4. Will the training you received be used in training others?  Yes / No 
 

5.   If yes, how many others do you anticipate training during the coming year?  Please estimate. 

6.  Additional comments (e.g. new course, topics, speakers, etc.) 

7.  Name and address of others who should be added to our mailing list. 
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New Miner Training Follow-up Survey Questions 
1. Have you visited/worked on a mine site since completing your New Miner training? 

2. How well do you feel the training prepared you for the hazards encountered on a mine site? 

3. Are there any additional topics you feel should have been covered that would have better 

prepared you? 

4. Would you recommend this training to others? 
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Appendix E – Specific Aim 2 and 3 Activities 
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Specific Aim 2 Activities 
 

 

 
Specific Aim 3 Activities 
 

 

  

Title Length of 
Time

Number of 
Trainees

Conference Presentations
13th Annual Mine Safety and Health Conference (Reno, NV) Challenges of Multi Generational Training 1 hour 53
14th Annual Mine Safety and Health Conference (Reno, NV) Your Brain on Stress and Fatigue 1 hour 52
15th Annual Mine Safety and Health Conference (Reno, NV) EMCIS MSHA Training: Fun not Funny 1 hour 44
15th Annual Mine Safety and Health Conference (Reno, NV) Sleep: The Most Important Component of Safe Behavior 1 hour 46
2019 Nationa Safety Council Annual Congress & Expo (San Diego, CA) Managing Fatigue in the Workplace 1 hour 100
2019 SME Annual Conference (Denver, CO) Challenges of Multi Generational Training 20 minutes 42
2019 SME Annual Conference (Denver, CO) Your Brain on Stress and Fatigue 20 minutes 20
Recorded Presentations 
CSM EMCIS Website* Sleep: The Most Important Component of Safe Behavior 1 hour NA
CSM EMCIS Website* Stress, Fatigue, and Your Brain 1 hour NA
Online Train the Trainer Short Courses
CSM EMCIS Website* Hazardous Particulates in Mining 1 hour NA
CSM EMCIS Website* Job Hazards Analysis 35 minutes NA
CSM EMCIS Website* Materials Handling 45 minutes NA
CSM EMCIS Website* MSHA 101 (Part 1 and 2) 1 hour each NA
CSM EMCIS Website* Safety Management Systems (Part 1 and 2) 1 hour each NA
Webinars
SME Webinar (September 19, 2019) Behavior Science 101: Understanding and Influencing Workers' Behavior for Safety 1 hour 9
SME Webinar (June 24, 2020) Stress and Fatigue 1 hour 30
SME Webinar (July 9, 2020) Training Fun 1 hour 19
* https://emcis.mines.edu/training/other-courses/

Title Length of 
Time

Number of 
Trainees

Educational Experiences @ CSM
2018 MNGN308 - 1 Credit Course Mine Safety and Health 4 days 17
2019 MNGN308 - 1 Credit Course Mine Safety and Health 4 days 28
2020 MNGN308 - 1 Credit Course Mine Safety and Health 4 days 20
Guest Lecture @ CSM (September 23, 2019) Mine Safety 101 (Intro to Mining Course) 1 hour 27
CSM Tour @ US Silver Galena Mine (December 4, 2018) Safety Issues and Thermal Exposures in Narrow Vein Mines (Senior Offerning) 1 day 5
Educational Experiences @ Western Universities
Guest Lecture @ University of South Dakota (September 18, 2019) Mine Safety 101 Underground Mine Design Course) 1 hour 18
Guest Lecture @ University of South Dakota (September 18, 2019) Mine Safety 101 (Intro to Mining Course) 1 hour 18
Guest Lecture @ University of Nevada-Reno (October 22, 2019) Mine Safety 101 (Intro to Mining Course) 1 hour 20
Guest Lecture @ University of Nevada-Reno (October 23, 2019) Mine Safety 101 (SME Student Chapter Meeting) 1 hour 30
Guest Lecture @ Montana Tech (November 20, 2019) Accident Investigation and Root Cause Analysis (Mine Safety Course) 1 hour 15
Guest Lecture @ University of Arizona (February 8, 2020) Incident Command and Safety (Mine Emergency Response Course) 1 hour 5
Guest Lecture @ University of Arizona (February 10, 2020) Root Cause Analysis (Seminar Course) 1 hour 23
Guest Lecture @ University of Utah (April 7 & 9, 2020) Leadership Development in Mining (Health and Safety Management Systems) 2 hours 11
Guest Lecture @ Colorado State University (April 24, 2020) Introduction to Mine Health (Graduate Seminar) 1 hour 8
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Appendix F – Regulatory Training Needs Assessment Article 
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