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ABSTRACT 

 
Knowledge management is a growing concern for mining and other heavy industries. Many 
operations in these fields subsist through ad hoc decisions and institutional knowledge held by 
experienced personnel. However, these fields also see significant turnover as personnel retire, 
advance into senior roles, or migrate to other sites and operations. An aging workforce only 
compounds this issue. This regular turnover contributes to the vulnerability of institutional 
knowledge and may reduce the efficacy of these operations as a whole. As a result, facilitating 
the transfer of knowledge presents a major challenge for mining operations and their human 
resource departments.  
 
This paper demonstrates the potential for technological solutions – in particular, e-learning 
software – to mitigate the impact of personnel changes in mining. It shows how e-learning 
creates knowledge redundancy, eases knowledge transfer, and contributes to a continuity of 
institutional information as junior personnel move into key roles at mines.  
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INTRODUCTION 
 
Today’s mining industry faces significant challenges in terms of knowledge management. As 
with many industries, mining has traditionally relied on experienced workers to transmit 
institutional knowledge and best operating practices to junior staff. Although designated training 
programs may exist within certain organizations, much knowledge still passes along informal 
channels, such as job shadowing and ad hoc education sessions. In truth, many operations 
have thrived for years by simply trusting the intuition of their employees. 
 
While this style of knowledge management may work well for some operations, it falls short for 
others. At operations facing trouble, several issues may be interfering with an informal, free flow 
of information. Many mines lack strong documentation of their processes and institutional 
knowledge, which impedes their transfer in the absence of senior staff. As well, most operations 
employ a diverse workforce that includes individuals with a range of education levels and 
competencies around language comprehension, literacy, computer aptitude, and other core 
knowledge areas. Furthermore, the mining industry has always dealt with a high turnover rate 
that has only escalated in recent years. Mine staff regularly move from site to site, thanks to 
easily transferrable skills and a global demand for experienced workers. At the same time, many 



operations have downsized in the economic climate following the 2008 financial crisis. Senior 
staff have also begun retiring in vast numbers and their positions have not seen replenishment 
by a cohort of younger workers. With fewer experienced workers available to train junior staff, 
traditional avenues of knowledge transfer fail to convey the information necessary to run mines 
optimally.  
 
Other industries faced with similar challenges have turned to technological solutions to assist in 
knowledge management. In particular, online learning and blended learning solutions present 
clear means for addressing the core issues at the root of mining’s knowledge management 
concerns. They serve as reliable knowledge documents that mine personnel can access as 
needed, independent of formal training sessions. They can accommodate a range of languages 
and education levels with ease. They can train new workers using practical, hands-on 
simulations, even in the absence of moderators. They allow learners to maximize the value of 
face-to-face training by focusing that time on the most challenging concepts. They also offer 
mines an advantage that conventional training methodologies do not: the ability to validate 
learning and calculate the return on investment of training.  
 
These contemporary training methods offer the mining industry a practical way to address its 
growing knowledge management challenges. Moreover, they give mine managers and CEOs a 
tool to quantify the value of job-related education and demonstrate the return on investment of 
an operational necessity long viewed as an unfortunate cost.  
 

KNOWLEDGE MANAGEMENT ISSUES IN MINING 
 
Although mining has existed in various forms since prehistoric times, knowledge management 
issues remain prevalent in the modern industry. Even today, mines favour on-the-job learning 
over formal documents and knowledge databases (Saxena 2015). While research shows that 
such informal, “human inquiry”-based learning proves singularly valuable for high-risk industries 
(Aase and Nybø 2002), this method comes with its own complications. For instance, ad hoc 
training cannot maintain the same measurable standards and consistency as documented, 
model-based learning. Informal training also lacks the knowledge redundancy crucial to 
sustaining performance while dealing with employee turnover. Mine staff are highly mobile, 
regularly moving from one role to another within an operation (or outside of it). Every time 
experienced workers leave their positions, their institutional knowledge leaves with them. The 
gaps in expertise created in such situations have the potential to dramatically affect the cost of 
quality associated with a mining operation as a whole. 
 
Mining has also increased in complexity within the past several years, making this institutional 
knowledge more important than ever. Whereas mines operated with relatively simple technology 
even a decade ago, contemporary sites thrive on advanced database-driven fleet management 
systems, high-precision GPS machine guidance, lidar-powered safety systems, and predictive 
analytics platforms. In spite of relying on these complex technologies, many mines still struggle 
with their formal training regimens. Rather, they still prefer informal learning methods, such as 



job shadowing. In these cases, staff have the potential to easily ignore or misuse important 
elements of these complex technologies due to improper or incomplete instruction. These 
tendencies present a real challenge to mining whenever new workers require training or seek 
information about best operating practices. 
 
Even among sites with strong documentation, knowledge transfer may still suffer due to broad 
diversity among a site’s workforce. Most mines employ multiple workers with very different 
levels of education, language comprehension, literacy, computer aptitude, and other skills. This 
multitude of proficiency levels has the potential to create barriers that impede the smooth flow of 
knowledge throughout a mine.  
 
For example, a gold mine in Mozambique may employ a mine manager from the Netherlands 
who holds a master’s degree in mine engineering, who uses computers comfortably, and who 
speaks Dutch, English, and German fluently. This same mine may also employ an Mozambican 
IT manager with a two-year diploma who operates computers exceptionally well, but who lacks 
any theoretical or practical knowledge of mining. This site may also employ several haul truck 
drivers with little formal education at all and who speak only Portuguese or a Bantu language. 
Given such a disparity among language skills, relevant knowledge, and power dynamics, 
communication between each department can easily stall. As a result, essential information 
concerning productivity and safety could fall by the wayside and potentially hinder mine 
performance across a series of metrics.  
 
In addition to these complications, such a diverse group of mine workers would likely exhibit 
several distinct learning styles. Often, mining selects for experiential and kinesthetic learners 
who favour practical tasks in order to advance their knowledge and understanding. Yet, the 
technology now in widespread use at mines has brought more reading-writing and analytical 
learners into the industry. These variations apply to instructors, as well as learners. In order to 
correct for these variations and to maintain a standard of knowledge transfer, mines may need 
to implement costly and time-consuming validation and qualification processes. Training 
programs must adapt to the range of learning preferences in order to serve all levels and 
departments of an operation effectively.  
 
Each of these issues are also affected by the high turnover seen in mining. As Vaught et al. 
discuss in “Knowledge management and transfer for mine emergency response,” miners with 
rich institutional knowledge are “on their way out — either through turnover, downsizing, or 
retirement.” That paper suggests that, while high turnover is of particular concern for the U.S. 
coal industry, it also repeats across other enterprises. The easy transfer of skills and labour due 
to international trade agreements explains some of the issue, but not all of it. During the 2008 
global financial crisis, many mining operations laid off tens of thousands of workers (The 
Australian 2008). As development in China began to slow in 2012, few of those industry jobs 
returned. At the same time, the most senior staff in all industries began to retire as members of 
the “baby boomer” generation entered their twilight years (Kowalski et al. 2001). This effect is 



exaggerated in the mining industry, as many senior staff first moved into mining roles during the 
industry boom of the 1970s.  
 
Taken together, the mining industry currently offers fewer positions for less knowledgeable staff 
who require more advanced skills than in previous years. With even fewer experienced workers 
available to train junior staff, the informal avenues of knowledge transfer the industry has 
traditionally relied on are falling short. In order to advance or even maintain the knowledge they 
currently hold, mines need to make knowledge documentation and management a significant 
priority.  
 

E-LEARNING SOLUTIONS FOR KNOWLEDGE MANAGEMENT 
 
Educational technology (“e-learning”) offers one means to address several of the mining 
industry’s knowledge management concerns. E-learning is a contemporary educational 
methodology that uses technology to facilitate learning and performance advancement. 
Although education has always incorporated various technologies, today’s e-learning systems 
differ by focusing on particular advantages that computers, the internet, and mobile 
technologies can provide learners.  
 
Most e-learning occurs as a series of asynchronous, computer-based courses that feature large 
amounts of multimedia content. While early iterations of e-learning systems chiefly functioned as 
online PowerPoint presentations, contemporary e-learning courses use a much wider range of 
instructional tools. Learners are introduced to new information through a combination of text, still 
images, audio, video, and interactive components. Using a personal computer or mobile device, 
learners progress through course material at their own pace. Along the way, the e-learning 
system judges comprehension of new information by requiring tests and/or task completion 
exercises.  
 
These technologies may function independently of a moderator or they may work in supplement 
to traditional training programs (a setup known as “blended learning”). In a typical blended 
learning course, new material is first introduced through an e-learning component. Then, 
learners reinforce this new information through discussions with instructors and other learners in 
person, through e-mail, or through videoconferencing. This process allows learners to become 
familiar with rudimentary information on their own, in turn maximizing the value of discussion 
time for answering questions and further explaining complex learning objectives. 
 
Due to their nature as asynchronous, document-based, multimedia-rich learning systems, 
e-learning and blended learning are singularly well-suited to address the challenges surrounding 
knowledge transfer in mining. First, they solve the underlying issue of weak knowledge 
redundancy by enforcing comprehensive capture and standardization of information. In order to 
create an e-learning or blended learning system, mines must source, explain, document, and 
validate any tools and processes that affect mine staff. In doing so, mines ensure that 
information passed along as training remains consistent and authoritative. Opportunities for 



incomplete or inaccurate training vanish, as all information travels through tight formal channels 
that limit miscommunication and misunderstanding. E-learning also allows mines to update their 
training content whenever tools or processes change. Mines using e-learning do not need to 
laboriously re-train staff on every new feature of equipment or software used on site. Rather, 
they can simply update e-learning content once and distribute it as needed.  
 
E-learning and blended learning also adapt well to account for diversity in language, literacy, 
computer aptitude, knowledge level, and other such issues around knowledge transfer. Mines 
whose staff use multiple languages with varying proficiency can easily translate any e-learning 
content and distribute it to personnel who function better in an alternative language. Barriers in 
language comprehension between learners and trainers no longer matter. Likewise, e-learning’s 
emphasis on multimedia allows learners to interact with much content irrespective of literacy or 
learning style. Video and audio content can accommodate personnel who struggle with reading 
due to issues in education, learning disabilities, or preferred learning styles. These technologies 
can even accommodate learners with low computer aptitude. In such situations, mines can rely 
on blended learning systems with instructors to assist learners in moving through the e-learning 
component and to facilitate supplementary traditional training as required.  
 
The asynchronous nature of e-learning allows mines to provide training to a range of knowledge 
levels as well. Staff who are already familiar with required training material can progress more 
quickly than others; those struggling with new material can take longer. The rate of training 
adapts to each individual learner, without frustrating others who require more or less time. This 
feature of e-learning also allows mines to deploy training on a more regular basis. Staff who 
require additional training can access e-learning courses at any time, without waiting weeks or 
more for an authorized trainer to deliver a workshop. Trained staff can refresh their familiarity 
with any process or areas of knowledge as needed, independent of official training sessions.  
 
Perhaps the strongest advantage of e-learning and blended learning is their ability to 
incorporate simulations of practical tasks and real-life scenarios. Historically, mining and other 
high-risk industries have struggled to allow learners to gain knowledge through trial-and-error 
(Aase and Nybø 2002). At mines, the consequences of mistakes are too high, potentially 
placing millions of dollars and human lives in jeopardy. Unfortunately, trial-and-error has proven 
a strong method of training in several industries (Aase and Nybø 2002), particularly for 
personnel who favour procedural and kinesthetic learning. Using interactive simulations afforded 
by modern technology, staff have the ability to engage in hands-on practice of job activities and 
to learn through mistakes and correction. Simulation-based training offers these benefits without 
risking any of the serious complications that come with such training in a live mine environment.  
 
In addition to these advantages, e-learning can also train large numbers of staff more quickly 
and consistently than traditional methods. Mines may staff hundreds of personnel who require 
regular training. Organizations with multiple sites may employ thousands of individual operators, 
dispatchers, maintenance staff, managers, administrators, and personnel in other roles. 
Face-to-face training sessions tend to restrict class size due to the physical limitations of training 



facilities and the ability of few trainers to service large numbers of learners effectively. In these 
scenarios, mines struggle to deliver consistent and equal training to all learners. Training 
programs may run for long periods in order to give instruction to all staff who need it. Later 
sessions in a training program may raise issues and outcomes that prompt retraining of earlier 
sessions. As well, all physical classes typically demand the same number of person-hours for 
learners and trainers, regardless of the speed at which learners comprehend material. 
E-learning or blended learning courses, however, adapt to these issues. They offer the ability to 
train hundreds of personnel concurrently using computers or mobile devices, regardless of 
physical limitations. They also do not demand excessive person-hours for those staff who 
already know the material.  
 

QUANTIFYING EDUCATION AND RETURN ON INVESTMENT 
 
Many mines have already adopted workarounds for their knowledge transfer issues, such as 
developing training handbooks or contracting translators. Still, few such solutions are able to 
resolve as many issues concurrently as educational technology can. Moreover, e-learning and 
blended learning provide an additional benefit to mine management that remains absent from 
even the most sophisticated traditional training methods: quantitative analysis.  
 
Most standard training programs rely on media and adjudication methods that are unable to 
generate quantitative data about knowledge transfer. Print textbooks, face-to-face lectures, and 
open-ended questions that require descriptive responses may excel at conveying information to 
learners, but they produce little hard data to prove it. Rather, they provide qualitative data most 
valuable for explaining rationales behind particular training outcomes. Although worthwhile, this 
information does not provide mines with the type of data necessary to determine the definitive 
value of training or to calculate its return on investment. While this style of training may gather 
some quantitative data through such methods as multiple choice testing, these data prove most 
valuable when joined with technology, such as digital databases, for trending and analysis.  
 
In contrast, educational technology excels at producing quantitative data through its innate 
preference for digital media that can record learner interaction and progress. Using digital 
media, mines can track a range of parameters as learners interact with training material. They 
can assess the time each learner spends reading online text, viewing videos, listening to audio, 
or completing interactive components. More advanced technology can assess the performance 
of learners as they work through practical simulations, tracking KPIs for speed, accuracy, ability 
to multitask, and so on.  
 
As well, e-learning and blended learning often use multiple choice and other closed-ended 
questions to adjudicate learners. Unlike written examinations, these testing methods generate 
discrete data that analysts can easily quantify. Computers are able to scan the responses from 
multiple choice exams and quickly determine the percentage of learners who select each 
answer. As such, these examinations are able to test a greater breadth of material with greater 
speed than other methods. Written examinations also require careful reading of each learner’s 



responses, which may or may not appropriately demonstrate real comprehension of training 
content. Written responses disproportionately favour learners with strong verbal skills over other 
traits. A learner’s language competency, literacy, or writing style may inaccurately obscure his or 
her understanding of the material being tested. Written responses also introduce an opportunity 
for data distortion due to trainer bias. Trainers may unfairly critique the responses of learners 
with weaker language competency or other traits irrelevant to practical knowledge transfer. 
Although trainers may bristle at the supposed lack of nuance available through closed-ended 
questions, multiple choice tests have also been shown as the strongest predictors of overall 
learner performance, even in comparison with more qualitative assessments (Bontis et al. 
2009).  
 
All of this quantitative data gains in value when recorded in databases for long-term tracking 
and analysis. By analyzing training records, mines can assess the task completion metrics or 
examination responses of each learner as members of a cohort or as individuals over time. This 
information provides mines with actionable data about their training programs. Questions that 
learners consistently answer wrong may indicate issues with training content or test design. 
Individuals who struggle with particular tasks can be flagged for additional training.  
 
Mines can even use this quantitative data to determine the efficacy of their training programs. 
Prior to training, e-learning software can require learners to undergo a pre-test that determines 
their baseline knowledge. After training, learners can complete another similar evaluation. By 
assessing the differential in these two examinations, mines can calculate the effectiveness of 
each training session at conveying new information to learners. Tracking the responses of 
regularly repeated training, mines can also determine the material retention rate from one 
session to the next. They can then use this information to make improvements to their training 
content and methods.  
 
Recording and storing training records in a database also allows mines to associate them with 
other data, such as production or safety data from a fleet management system. In doing so, 
mines can determine whether or not training affects on-the-job performance and total mine cost 
of quality in a measurable way. Mines can compare KPIs for staff who receive training through 
e-learning against those who do not, allowing them to quantify the benefit of further education 
on production output, spotting times, or other mine performance metrics. As such, educational 
technology has the ability to assist in calculating the return on investment of training for mining 
operations in a way that standard training cannot.  
 

CONCLUSION 
 
Mining operations in the 21st century face a paradox: They have access to more data than ever 
before, yet their institutional knowledge is at risk. Several factors contribute to this situation — 
weak documentation practices, discrepancies in staff education and language comprehension, 
and high turnover, among others. While sites may already maintain formal training protocols, 
much knowledge transfer in mining still occurs through informal channels. Operations tend to 



view training and documentation as an afterthought. With the industry set to lose many workers 
in the coming years due to a retiring cohort of senior staff, much on-site knowledge and 
experience is set to leave with them — disappearing forever. 
 
Much as technology can provide solutions to other issues in mining, it can address the 
industry’s challenges with knowledge transfer as well. E-learning and blended learning start with 
improved documentation. They adapt well to diversity in language skills, learning styles, and 
other common barriers to understanding among staff. They can deploy consistent training to 
large numbers of workers at a rapid rate, mitigating the knowledge loss associated with high 
turnover. Moreover, they can provide management with actionable data to calculate the effect of 
training on mining KPIs and prove its value.  
 
Altogether, educational technology stands as a practical means to strengthen training and 
knowledge transfer in mining. Its asynchronous, computer-based nature fits well into a 
comprehensive education platform and makes the process more flexible, accessible, and 
standardized than traditional training methods. In this way, it can solve many of the issues that 
interfere with knowledge transfer at present and ones that are projected to deepen at mines in 
the near future. 


