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Abstract 

Drawing upon critical, communications, and educational theories, this thesis develops a novel framing of 

the problem of social risk in the extractive sector, as it relates to the building of respectful relationships 

with indigenous peoples.  Building upon Bakhtin’s dialogism, the thesis demonstrates the linkage of this 

aspect of social risk to professional education, and specifically, to the undergraduate mining engineering 

curriculum, and develops a framework for the development of skills related to intercultural competence in 

the education of mining engineers.   

The knowledge of social risk, as well as the level of intercultural competence, of students in the mining 

engineering program, is investigated through a mixture of surveys and focus groups – as is the impact of 

specific learning interventions.  One aspect of this investigation is whether development of these 

attributes alters graduates’ conception of their identity as mining engineers, i.e. the range and scope of 

responsibilities, and understanding of to whom responsibilities are owed, and their role in building 

trusting relationships with communities.  

Survey results demonstrate that student openness to the perspectives of other cultures increases with 

exposure to the second year curriculum.  Students became more knowledgeable about social dimensions 

of responsible mining, but not about cultural dimensions.  Analysis of focus group data shows that 

students are highly motivated to improve community perspectives and acceptance.  It is observed that 

students want to show respect for diverse peoples and communities where they will work, but they are 

hampered by their inability to appreciate the viewpoints of people who do not share their values.  They 

embrace benefit sharing and environmental protection as norms, but they mistakenly conclude that 

opposition to mining is rooted in a lack of education rather than in cultural values. 

Three, sequential, threshold concepts are identified as impeding development of intercultural competence: 

Awareness and Acknowledgement of Different Forms of Knowledge; Recognition that Value Systems are 

a Function of Culture; Respect for varied perceptions of Social Wellbeing and Quality of Life.  Future 

curriculum development in the undergraduate mining engineering program, as well as in other educational 
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programs relevant to the extractive sector, can be effectively targeted by focusing on these threshold 

concepts. 
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: Introduction 

There has been substantial research into the roots of the most egregious historical conflicts related to 

mining activity.  These struggles, often violent, are known to result when extractive projects impinge on 

and exacerbate existing tensions between distinct groups.  Evidence shows that such conflicts tend to be 

magnified in areas where there is a governance deficit:  some combination of inadequate regulatory 

system/weak enforcement/widespread corruption (Zandvliet & Anderson, 2009).  This thesis presents a 

unique approach to addressing the tensions that arise at the intersection of culturally-shaped perspectives 

and worldviews that appear to be, or in many cases are, incompatible.  Irrespective of whether these 

tensions escalate into violence, they represent dimensions of underlying incompatibilities that impede the 

formation of equitable, respectful and resilient relationships between the mining industry and 

communities.  Conflicts of this type have been documented around the globe and are currently unfolding 

in Canada over various proposed developments in the western part of the country and in the North (e.g., 

Ontario’s Ring of Fire).  Finding a path forward, through these incompatibilities is an imperative for civil 

society, communities, governments and industry alike. 

Erica-Irene Daes, the Special Rapporteur to the United Nations Commission on Human Rights said: 

Displacing systemic discrimination against Indigenous peoples created and legitimized by the 

cognitive frameworks of imperialism and colonialism remains the single most crucial cultural 

challenge facing humanity.  Meeting this responsibility is not just a problem for the colonized 

and the oppressed, but rather the defining challenge for all peoples.  It is the path to a shared and 

sustainable future for all peoples (1999, quoted in Battiste, 2004).  

The research presented in this thesis takes a novel but wholly pragmatic approach to meeting this 

responsibility in the context of the extractive sector.  Weaving together theory from disciplines typically 

foreign to engineering, it conceptualizes extractive sector conflict as a cultural phenomenon, and makes 

the case for a cultural approach to its mitigation, casting mining engineers in a leading role.   
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The term cognitive framework is used in organizational psychology to describe a model of behaviour 

(interactions with the external world) that represents a worldview—a culturally constructed but tacit web 

of thought, attitudes, impressions, memories, and decision-making processes (Weick, 2001).  In the 

language of philosophy, a cognitive framework comprises ontology (what we think and feel about 

“being”), epistemology (what we think and know about “knowledge”) and axiology (what we think and 

know about “values”), and is a function of both culture and education.  For each of us, our interaction 

with the world is constrained by the cognitive framework of our own culture.  

Daes’ call—to dismantle the cognitive frameworks of imperialism—can be usefully seen as analogous to 

the challenge of dismantling a physical framework that is no longer fit for its intended purpose.  It 

requires an equivalent analysis: identifying and locating the fastenings that hold it together, selecting the 

appropriate tool to undo each fastening and finally, dis-assembling the structure.  Furthering this analogy, 

just as it may be difficult to identify the correct tool to undo physical fastenings when age and corrosion 

have created bonds so fast that the original mechanisms are forgotten and no longer recognizable, 

dismantling a cognitive framework requires a combination of critical tools and techniques.  Looking at the 

cognitive framework of mining engineering, a disciplinary subset of the dominant (Western, settler-

colonial) group, through the lens of culture, the research presented here seeks to identify fastenings that 

have been demonstrated to be ineffectual in addressing conflict. 

1.1 Research Scope 

Canada’s history, its present, and its future, are in large part functions of the country’s mineral wealth and 

the success of its extractive industry.  The cultural identity and political economy of the country have, 

since the earliest European contact, been shaped by, and indeed, continue to be defined, in terms of its 

natural resources, in particular, its mineral resources.  Following the un-fastening analogy, it is argued 

that the colonial history, which shapes the relationship between settler and indigenous populations of the 

country, functions as a layer of corrosion, obscuring the original underlying mechanisms of imperialism 

and frustrating attempts to undo them.   
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Growing recognition of structural inequity resulting from our colonial past has promoted Reconciliation 

between Canada’s settler and indigenous peoples to the top priority for Canada’s current government 

(Prime Minister of Canada, 2015).  Reconciliation means no less than the transformation of the 

relationship between Canada’s peoples, and this will require that all Canadians become informed about 

the historical realities that shaped current settler-indigenous relationships.  Some universities have 

welcomed the opportunity to contribute to Reconciliation by making Indigenous education a requirement 

for graduates (Macdonald, 2015), while several others are currently considering the logistics of 

appropriately providing courses across disciplines ( Williams, 2016; Sherlock, 2016, Kwan, 2015).  At the 

same time, many scholars and activists are apprehensive about the academy’s ability to deliver courses 

with adequate contextualization and appropriate cultural sensitivity (McDonald, 2016; McInnes, 2016). 

Indeed, Daniel Heath-Justice warns that mandatory indigenous studies courses may be dangerously 

counter-productive (Sutcliffe, 2015).   

The issue is as complex as it is pressing.  If all Canadians are to embrace Reconciliation, opportunities to 

become informed must somehow be provided, and somehow, all Canadians must be encouraged to take 

these opportunities.  The majority of Canadian universities have only just begun to grapple with the 

challenge—even so, surely learning about the history that has so negatively shaped relations between 

settler and indigenous Canadians, should begin much earlier, during the formative years in the elementary 

and secondary education system, where society’s norms and values are reinforced.  There seems to be 

broadening consensus around this issue, reflected in new curriculum guidelines from British Columbia 

(2006) and Ontario (2011).  The effectiveness of these curricula has yet to be determined. 

This thesis documents the efforts of a small academic engineering department, whose graduates will 

likely work closely with Aboriginal communities in Canada and with indigenous communities abroad, to 

support the development of skills and attitudes that will enable them to comprehend community 

perspectives.  While the principles articulated in this thesis apply to any cultural confrontation, in which 

one party enjoys a position of cultural dominance over the other (such as a technocratic central 
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government and a pastoral peasant community), the research in this thesis focuses primarily on the 

encounter between Western and indigenous perspectives. More specifically, it examines the encounter as 

experienced by the Canadian mining sector and this country’s indigenous population: the First Nations, 

Inuit, and Métis peoples, as well as the the indigenous peoples on whose traditional territories the 

overseas projects of Canadian mining corporations are often located. This encounter is too frequently 

handled without appreciation of, and regard for, indigenous culture – and without adequate capacity to 

bridge the chasm between Western and indigenous perspectives.  

1.2 Epistemology and Worldview  

This section explores the epistemologies embedded within the Canadian colonial project. 

Epistemology—the study of knowledge, its scope, its content, and the criteria by which it is deemed 

valid—is not generally considered relevant to the solution of real-world problems that are the domain of 

the engineer.  However, a critical comparison of epistemologies has practical value for the design of 

complex, large scale, long lived, systems where diverse cultures are brought together, as they are in 

extractive projects, because it is in its epistemology that a culture’s worldview has its most appreciable 

and normative expression.  It follows that it is in the clash of epistemologies that real-world conflict 

arises. 

Different schools of epistemology reflect differences of opinion respecting the function of knowledge in 

the construction or capture of an understanding of the world, what constitutes knowledge (i.e. what is 

accepted as known and factual), and the criteria by which that knowledge is obtained and legitimated.  

For example, in Western Europe, prior to the Enlightenment era, the Augustinian worldview—a view that 

flows from the premises that man is the most important being in creation, that all of nature exists purely 

for man’s exploitation, and that the Christian Bible provides the criteria for validation of knowledge—

prevailed (Hammer, 2001).  The Enlightenment, which began in the seventeenth century, was 

characterized by the first application (since the birth of Christianity) of a critical and empowered 

perspective on knowledge, producing theories that are foundational for Western epistemologies and the 
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concept of modernity.  Christian belief in a supreme deity justified this new anthropocentrism as the will 

of God, placing Man at the centre of Creation and granting him dominion over both the natural world and 

knowledge of the world itself.  The scientific method and man’s nascent capacity for discovery, though, 

were only allowed to thrive at the pleasure of the Church.   

Considering that epistemology underlies and informs a culture’s worldview, the exploitation of natural 

resources of the “new” worlds of North and South America, as well as Africa, was destined to define the 

imperial advance of European powers in the modern era.  Not only were raw materials essential to the 

economic engine of the home country, dominance over the natural world physically expressed the cultural 

values of imperial Europe— as Francis Bacon said, fusing the  “mastery of nature” to Christian doctrine, 

thereby giving moral legitimacy to the colonial project (in Leiss, 1994).  

Enlightenment scholars advanced a variety of theories to describe and validate man’s expanding 

understanding of the natural world.  Western epistemology—the modern conception of the knowledge 

that forms the basis for Western thought—combines both empiricist and positivist traditions: specifically, 

that truth exists objectively and universally, i.e. independent of individual experience, and that the content 

of knowledge derives exclusively from either the empirical (evidence) or the rational (the logically 

proven), or some combination of the two.  Scientists and engineers are typically comfortable with this 

conception of knowledge—generally referred to simply as either, “positivism” or “scientism”—because 

their education is drawn upon and promotes a view of knowledge that is authoritative, and which prizes 

all that that is objective, quantifiable, and absolute.  This is evident in the current emphases placed on the 

development of “information literacy,” the linkage of electronic retrieval skills with a set of approved and 

universal knowledge (Kapitzke, 2005).  Engineering epistemology may be seen as a highly specialized, 

sophisticated, and exclusive subset of Western epistemology, from which engineering culture flows and 

serves to reinforce. 

Critical to understanding the implications of engineering epistemology is the recognition that it is 

internally consistent and self-assured.  It the foundation of a worldview that is a unique, exclusive, and 
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specialized subset within a larger Western worldview.  However, it is not only one among many other 

subsets of the Western worldview, but one among many non-Western worldviews, which, until very 

recently, have been largely absent in the tertiary curriculum as a whole, and remain completely absent 

within engineering.  This thesis argues that failure to address culture within the undergraduate mining 

curriculum—to promote recognition and respect for the legitimacy of non-Western worldviews—

perpetuates a hegemonic approach to the management of social risk, the costs of which can be seen in 

unresolved resource conflicts.  

The charge that Western epistemology is “colonial” (Said, 1993; Trask, 1990) arises from its implicit 

devaluation of all other epistemologies.3  To understand how the Western worldview is reinforced by 

means of Western epistemology, and what the implications of this fact are, a mediator or community 

relations (CR) specialist might begin by asking, “How does Western epistemology compare with 

Indigenous epistemology?”  Yet, this simple question reveals a cultural hurdle—Western philosophy 

categorizes or “silos” aspects of its worldview, beginning with epistemology, its empirically and 

rationally determined knowledge, as distinct from other contributors, including axiology, the theory/study 

of values, and ontology, the theory of being or meaning of existence.  Indigenous scholars do not 

distinguish these concepts but rather, see them as an inseparable whole.  When explaining their 

worldview to settlers, they would use either the broader term cosmology (Paula Sherman, private 

conversation August 2012), a powerful concept that integrates knowledge, values and practices to beliefs 

about the origins of the world and the people’s role within the world from creation into the future (Grim, 

2001) or might suggest that the Western concepts of epistemology and axiology should be seen as  

indivisible to capture the concept of a worldview, in which knowledge/experience, belief and values are 

one.  This integration compares starkly with modern Western thought, especially when considering 

                                                 
3 It is worth pointing out that the term “colonial” is popularly misunderstood to refer to the (historical) establishment 
of offshore encampments populated by representatives of European imperial powers.   In academic discourse it 
refers to the hegemonic policies or systems employed by the colonizing state to exert sovereign control over the 
existing inhabitants and to claim their lands and resources.  Traditional Western histories have tended to frame 
colonial processes within an heroic narrative, glorifying a spirit of adventure and the role of the military in the 
establishment of colonies in inhospitable geographies 
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axiology, which is conceived of as a wholly separate discipline from epistemology (Morito, 2003).  The 

marked tendency in Western thought to compartmentalize is one example of how epistemologies are self-

reinforcing:  in engineering, for example, reinforcing the view that knowledge is objective and value-free.  

This difference illustrates not merely a nuance or a terminology preference, but the profoundly different 

relationships cultures have to their knowledge, with the effect that their worldviews are similarly distinct.  

It is in the connection/decoupling of knowledge with/from values that the fundamental differences 

between Indigenous and Western (colonial) worldviews are manifest as they collide in discussions about 

relationship, geography (Goodman et al., 2008) and land use.   

1.3 Critical Theory  

Critical theory is concerned with the means by which a dominant societal group (such as the settler 

society, of which mining engineers are a sub-group) attains its position of power, and the means by which 

it maintains and exercises power over subordinate groups.  Critical theory offers tools that can help to 

unravel the ways in which culturally distinct connections between language, knowledge, and values 

constrain our ability, as members of this settler-engineer culture, to question our own assumptions and 

engage meaningfully with alternate senses of what Heidegger called “being-in-the-world” (Dreyfuss, 

1991).  This thesis contends that such enlightened engagement will be a necessary first step if mining 

engineers wish to see their practice within the extractive sector as ethical and as a contribution to a re-

imagining of respectful intercultural relations in a post-colonial 4world.  Of the many engineering 

disciplines and non-engineering professions that work in the sector, it can be argued that mining engineers 

have the greatest untapped potential for catalyzing a changed relationship, because their job is to see the 

“big picture” (Hall & Hall, 2004) and to integrate the information coming from, and allocate the skill sets 

of different professions as required.  More fundamentally, mining engineers design mines, and this means 

                                                 
4 The term “post-colonial” is used loosely here, to refer to a society that has recognized the injustices perpetrated by 
the settler-colonial project upon indigenous peoples, recognized the ongoing impacts of these injustices and 
redressed them.  Perhaps, “post-reconciliation” would be more accurate. 
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that they are best placed to ensure that the mine itself respects and expresses the aspirations of the 

community. 

Schools of critical thought are distinguished by their siting of the locus of power, but all share an interest 

in what has been socially or culturally constructed.  The most well-known of these theories, Marxist 

critique, for example, begins by looking at the means by which capital (possessed by the dominant group) 

is used to control working conditions and the availability of gainful employment, in order to maintain the 

dominant group’s power over the marginal (worker) group.  The feminist school explores the power 

differential that results from culturally constructed conceptions of gender and patriarchy.  Feminist 

critique is not restricted to questions of gender, but is highly extensible—it can be usefully applied to the 

study of any socially-constructed (that is to say, artificial) socially-stratified binary, such as urban/rural, 

educational attainment, age and ability/disability status.  Post-colonial and indigenous critique (Wilson, 

2008) examine the ways in which assimilation /cultural oppression of an indigenous people by an 

imperial culture reshapes both cultures and the resulting mutual relationship.  Particular interests of this 

field are settler colonialism5, the relationship dynamic created when indigenous peoples become a 

displaced and disadvantaged minority when they are moved off their lands to permit the permanent 

settlement of colonizers, and neocolonialism6, the exertion of influence by developed countries over the 

internal workings of less developed countries, to benefit their own capitalist interests.  The post-colonial 

and indigenous (also called “de-colonizing”) lenses offer insight into the evolution of the unique 

relationship between Aboriginal and settler Canadians, while the Power-Knowledge-Discourse critique of 

                                                 
5 Settlers are distinct from colonists.  The importance of this distinction became clear during the Cold War era when 
numerous former colonies declared independence.  In most of these cases, colonial bureaucrats withdrew to Europe, 
leaving new national governments in the hands of elites within the indigenous population.  Since this period, the 
term “settler” has been used in critical literature to refer to former colonies where immigrant populations have come 
to significantly outnumber the indigenous population, similarly declaring sovereignty from the European metropole, 
with power being vested exclusively in the immigrant population not in the indigenous population.  Settler states are 
those in which the values and culture of the settlers effectively excludes or denies those of the indigenous population 
6 Neocolonialism is distinct from colonialism in that it refers to the use of economic means, in particular, the 
“globalisation”, or free movement of capital, as a tool by which the developed world exerts political power over the 
less developed world.  Foreign states thus maintain “clean hands,” and avoid the unpleasantness of military 
intervention as their colonial interests are ruthlessly pursued by multinational corporations.   



9 

 

Michel Foucault (1980) facilitates an examination of the most insidious mechanisms for the exertion of 

power—knowledge and language, thus returning us to the issue of epistemology. 

1.4 Research Rationale 

This thesis is exclusively concerned with the facets of political risk that relate to culture (i.e. instability 

that arises from systemic cultural inequality).  Political risk related to such factors as policy uncertainty / 

change in government is outside the scope of the research.  From the perspective of both government and 

industry, social tension or conflict related to resource extraction is experienced as a risk that can create 

delays and drive up costs, reducing revenues, losing markets, or even undermining a project’s viability.  

Thus, community acceptance—commonly referred to as the social license to operate— is sought both 

through strategic “messaging” campaigns, which employ the metaphors of opportunity and growth to 

build approval, as well as through programs of consultation, which seek to dampen objections by offering 

material benefits in compensation for negative impacts.  While it is true that every company seeks to gain 

approval for planned projects and although critics may take a cynical view of community programs, the 

desire by many within industry to forge mutually beneficial relationships is genuine.  Industry continues 

to try to adapt to a changing climate in which shareholders demand social accountability as well as 

dividends, and there has been considerable documented progress—it would not be unreasonable for the 

extractive sector to claim a leadership position on this front.  However, while instruments such as impact-

benefit agreements (IBAs) bring opportunities and material wealth to communities, they are viewed as a 

fundamentally colonial construct—a corporate means to a predefined (as well as unilaterally defined) end, 

rather than a mutually constructed new beginning.  Furthermore, in spite of legal agreements and 

regulatory compliance, the conflicts that divide communities may simmer.  From a social justice and 

community development perspective, even non-violent conflicts are harmful, because they create or 

exacerbate divisions within communities, often along the fault lines of ethnicity and power.   

Nonetheless, the elevation of “community engagement” to executive status is evidence of the increased 

importance to major mining companies of securing functional community relationships.  However, 
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engagement in a context of asymmetric political power is a delicate task, and a “good” relationship must 

comprise more than just a social license to operate: it must be one in which parties understand and respect 

not only stated positions but also underlying perspectives, even though these may not be shared.  Drawing 

on the work of the early linguist and literary critic Mikhail Bakhtin (1981), this thesis conceptualizes 

relationship in dialogic terms: as both a process and function of communicating and understanding 

difference.  It documents the need for, and explores the potential for, introducing into the mining 

curriculum a dialogic paradigm for conceptualizing culturally-based world-views, for communicating 

those views cross-culturally and for diminishing conflict by equipping young mining engineers with the 

skills for building respectful trusting relationships with the culturally varied communities where mining 

occurs.  

The approach adopted in this thesis is multidisciplinary, relying heavily on a foundation of philosophy 

and educational theory.  These extra-disciplinary perspectives are fundamental to the argument made here 

that change in engineering culture is essential to instituting a constructive and lasting (i.e. transformative) 

change in industry’s approach to affected communities.   

1.5 The Research Questions – A Cultural Approach to a Cultural Problem  

This thesis contends that because conflict is known to occur when industrial and development pressures 

are introduced into fragile social environments (Grzybowski, 2012; Kemp et al., 2011; Whiteman & 

Mamen, 2002), a cultural approach to conceptualizing the impact of extractive projects on affected 

communities has the potential to better expand our understanding of social risk, and facilitate informed, 

effective approaches to its reduction.  Extractive project conflict is known to result specifically from the 

collision of incompatible worldviews (Kemp et al., 2010; Campbell, 2003), the understanding of which 

requires the ability to accept the validity and implications of difference without judgment.  This research 

borrows from dialogue theory’s model for engagement with ideas that are incompatible, to develop 

objectives and evaluate strategies for student learning to engage respectfully with incompatible 

worldviews within the context of resource extraction (specifically in the case of the undergraduate 
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curriculum in Mining Engineering at Queen’s University).  The relevant outcomes of student learning in 

the existing curriculum are assessed using the proxy of intercultural competence, a suite of knowledge, 

attitudes, and skills (i.e. communication), and for which there are existing general measures (Deardorff, 

2010).  The juxtaposition of the Western scientific worldview and the traditional (also referred to as 

“local” or “ecological”) worldview complicates the development of intercultural competence in 

undergraduate students because it imposes the need for students to explicitly and critically comprehend 

the social construction of knowledge (within the engineering curriculum at the same time as they engage 

in the cultural process of identifying “as an engineer.” 

Approaching risk mitigation via culture requires a multi-disciplinary examination of a complex chain of 

causes and effects within a set of research domains not commonly associated with engineering.  This 

thesis argues that because traditional engineering approaches have not slowed the expansion of conflict, 

rising risks and costs compel us to look beyond the traditional “toolbox” of skills and competencies that 

the young mining engineer has been equipped with. 

Accordingly, the following key research questions are considered in this thesis: 

1. Within the structure of traditional, technical, undergraduate mining engineering courses, have we 

provided educational experiences that catalyze or support the development of knowledge, skills 

and attitudes correlated with intercultural competence?   

2. Does development of the attributes associated with intercultural competence in undergraduate 

mining engineering students alter their approach to professional practice and their conception of 

the scope (i.e. the range of responsibilities, and understanding of to whom responsibilities are 

owed) of the professional mining engineer?  In other words, is there evidence that the 

development of intercultural competence, within the engineer’s training, affects the values (and 

thus the culture, and identity) of mining engineering as perceived by students? 

The longer term implication of this research leads to the question of whether the development of greater 

intercultural competence in engineers in practice, i.e. after they receive their professional engineering 
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license, could lead to a shift in design and operational decisions that might have the potential to markedly 

reduce the social risk associated with extractive projects.  This question is hopeful, in that it presupposes 

that the educational approach described here will be found to catalyze a cultural shift or perspective 

transformation within the profession.  The opportunity to conduct longitudinal studies in the future is very 

much hoped for.  

1.6 Thesis Outline  

In the chapters that follow, this thesis presents the theoretical framework for conceptualizing the problem 

of conflict in the extractive sector as a cultural phenomenon and reports on research designed to explore 

the potential for addressing this problem via innovation in the undergraduate mining engineering 

curriculum. 

Chapter 2 explores social risk in the extractive sector, beginning with a survey of risk’s evolution from 

concept to discipline, followed by a review of the literature on risk perception, notably the function of 

trust and current understanding of differences between lay and expert perception.  Next, the complex 

factors that contribute to social risk are outlined and the implications of these for the extractive sector are 

illustrated with two Canadian case studies.  A third case explores the power of dialogue to build a resilient 

company-community relationship.  Current approaches to risk mitigation, in particular, the social licence 

to operate, are critiqued. 

Chapter 3 presents the theoretical foundations for the research.  The chapter begins by exploring 

definitions of culture and illustrating culture’s power as a lens for conceptualizing conflict in the 

extractive sector.  Next, this chapter considers the engineering profession, as an organizational culture and 

the epistemology that is its foundation, and the source of values associated with the profession.  The 

means by which cultures evolve and impediments to cultural change are important considerations for this 

research and are presented here.  The chapter moves on to present the educational theories by which 

student learning in engineering has been conceptualized and which inform the research methodology.  It 

then surveys the critical theories that help to explain cultural divides, in particular, the means by which 
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the assumptions of scientism and modernity effectively silence alternative worldviews.  Finally, the 

chapter explores the dialogic and intercultural communication theories that offer expanded and inclusive 

approaches to encounters with cultural difference.     

Chapter 4 discusses aspects of the research design, including data considerations supporting the decision 

to employ a mix of qualitative and quantitative methods—specifically a Likert-scaled survey, followed by 

a series of focus groups.  Privacy protection, recruitment and other aspects of research ethics are detailed.  

The data collection sequence, the research population and participation rates are described.  Chapter 4 

also details the curriculum interventions which are evaluated.  The relationship between the survey 

results, and the focus group questions and approaches considered for analysis of data obtained from focus 

group transcripts, as well as the criteria leading to the selection of Threshold Concepts for data analysis, 

are described. 

Chapter 5 presents analysis and discussion of data collected using the survey of engineering knowledge 

and values.  Looking at responses by theme, results from the three research cohorts are compared.  

Unexpected and/or puzzling results are discussed and possible explanations are proposed.  Questions for 

deeper exploration within the focus groups are developed.   

Chapter 6 presents the analysis of focus group results.  Acknowledging legitimate apprehension towards 

“soft data” felt by many academic engineers (Cherardi & Turner, 2002), this chapter details a rigorous 

sequential approach to the sorting and categorization of transcript data.  It presents the process by which 

thematically sorted data is evaluated as a potential threshold concept.  The threshold concepts 

provisionally identified by these means are discussed. 

Chapter 7 summarizes the research findings, and evaluates their significance in the context of the research 

objectives.  This chapter makes recommendations for responding to the research findings and discusses 

implications of the results for the continuing curriculum development in the Robert M. Buchan 

Department of Mining at Queen’s University.   
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Chapter 8 proposes directions for future work to expand our knowledge of student development of 

intercultural competence and to enhance the capacity of mining engineering graduates to act as change 

leaders within industry.    
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: Social Risk in the Extractive Sector 

Engineering projects are often innovative, long-term and involve the co-ordination of so many 

different variables that it is impossible to predict absolutely accurately what their consequences 

will be.  In addition, because of the scale, and infra-structural nature of these projects there is 

often significant potential to do harm should something go wrong. (Ross and Athanassoulis, 

2010, p. 148) 

Risk is an area of study for all engineering disciplines, but arguably has critical relevance in those fields 

whose projects involve large landscape alterations and industrial-scale technologies that, if improperly 

used or inadequately monitored, can cause injury.  Risk takes on additional dimensions when 

communities that are host to these technologies are unwelcoming and when expropriation is sanctioned by 

government.  Conceptually, risk inhabits the space between the design and provision of the infrastructure 

of modern civilization and “something going wrong,” and thus is foundational to issues of ethics, 

legalities, and project financing.  In some engineering disciplines, mining among them, risk management 

(defined here as the identification, analysis, assessment and mitigation of risk) is integral to day-to-day 

practice.  A basic introduction to risk is part of the training of all engineers.  

This chapter seeks to develop a fresh and insightful approach to the growing phenomenon of social risk in 

the extractive sector (Ernst and Young, 2014).  It begins with a concise history of risk as a modern 

invention, which is distinct from uncertainty.  It explores the communication obstacles that exist in the 

ground between risk as perceived and risk as calculated.  Accordingly, this chapter examines risk from 

three vantage points:   

• First, risk is considered as a phenomenon that is experienced by people.  The common roots of 

risk management and the engineering profession are outlined here to illustrate how we came to 

think about risk and the many ways we have tried to manage it.  A survey of research that 

identifies and models factors influencing the perception of risk by different groups is presented.   

• Second, risk is described as it is conceptualized by experts—those in technocratic or numerate 

fields including finance, actuarial science, epidemiology and engineering.  
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• Finally, risk is considered from the experiential perspective of business and government, 

specifically, as it relates to the extractive sector, i.e. as a measure of financial liability or threat 

that must be eliminated or minimized.   

Building upon the concept of risk shared by technical specialists, risk is compounded from their 

perspective by additional factors related to the marketplace and the influence of project stakeholders.  

Strategies for managing these risks, most notably, risk communication approaches, are critiqued. 

Through the concept of social risk, the design of curriculum to support the development of cultural 

competence in mining engineers is connected to the business interests of mining.  This chapter 

demonstrates the connection and assesses the implications of continuing growth in social risk within the 

extractive sector  

2.1 Uncertainty and Risk 

It is instructive to begin by distinguishing risk from the related concept of uncertainty.  Because both 

terms express a state in which an outcome is “not known,” there is a tendency for confusion and/or 

misapplication.   

Uncertainty is defined as a state in which either: 

• possible outcomes are known, but the final outcome is not known, or  

• the range of possible outcomes has not been identified and the final outcome is not known 

(Knight, 1921) 

Uncertainty has been a fact of life throughout existence, but the human response to uncertainty has been a 

function of both domain (i.e. the activities where uncertainty occurs), and point in history (or, put another 

way, the relative influence on society of religion and science).   

In early societies, humans possessed few tools by which they could significantly affect the course of their 

own lives (Diamond, 1999).  Uncertainty was perhaps the most consistent fact of life.  The earliest 

humans were threatened by disease, injury and starvation on a regular basis.  With no reliable models of 
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natural systems and with only rudimentary technologies and weapons, there was little that could be done 

to influence the progress of an illness or to compensate for drought or a poor hunt.   

With time however, nomadic tribal groups settled within villages and hunter-gatherer lifestyles evolved 

into agricultural economies.  Seasonal patterns were observed and a primitive but nascent understanding 

of the natural world facilitated contemplation of and planning for the next day.  By working together and 

trading goods, people organized into village life were afforded the ability to stockpile foods, thus tilting 

the odds against starvation.  Nonetheless, life was precarious as childbirth remained a danger for mother 

and baby for several centuries and the danger of disease was actually exacerbated by trade.  For much of 

history then, humans had no option but to accept uncertain life outcomes as “fate.”  Later, as the major 

strains of monotheism, Christianity in particular, consolidated their influence during the Medieval period, 

resignation to fate was replaced by “acceptance of the will of God”—another option, perhaps more 

comforting, but hardly more empowering. 

As technologies developed, however, there were early attempts to deal with uncertainty in particular 

domains.  The maritime merchants of the ancient civilizations of Babylon, Greece and Rome all 

developed various informal systems of insurance, which indemnified ship owners and traders against the 

loss of a vessel (Trenerry, 1926).  The first formal insurance policies did not appear until the seventeenth 

century.  As a result of the devastation wreaked by the Great Fire of 1666, the City of London took steps 

to both mitigate the consequences of a subsequent fire (with the imposition of new laws prescribing 

numbers of available buckets and ladders) and to allow for compensation in the event of catastrophic loss 

due to fire (via a law permitting the formation of an insurance company) (Klein, 2001).     

2.2 Risk as a Perspective on the Unknown 

This new ability to compensate for uncertainty was quickly followed by a desire to predict negative 

outcomes more accurately—to reduce uncertainty around loss.  Thus, the concept of risk, from the Italian 

risicare, “to dare,” (Bernstein, 1998) was born.  As conceived by technocrats, risk fuses the concept of 

undesirable outcome with the probability of occurrence.   
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Risk’s rise as a focus of scholarly research has paralleled the growth and increasing pervasiveness of 

technologies in the West.  

Economist Frank Knight’s 1921 distinction between risk and uncertainty remain in use today, to classify 

degrees of unknown-ness. Within the concept of uncertainty, the desirability of the state or outcome is not 

at issue.  The outcomes may range from selectively advantageous (as a rise in the price of precious metals 

would be for a gold miner, or fortunate investor) to universally catastrophic (as would be a pandemic or 

natural disaster).  Among lay people, the terms tend to be treated as interchangeable.  As defined by 

Knight, risk is concerned solely with uncertainties that are measurable, and thus have value and 

magnitude.  Knight reserves the term uncertainty strictly for those uncertainties that are unmeasurable.  

Uncertainty, Knight suggested, properly refers to a state that is not fully known, or where future outcomes 

are unknown, (i.e. the range of possible outcomes is not known)—and most importantly cannot be 

measured.    

Risk management is concerned with measurable uncertainty around negative outcomes.  Risk can be 

expressed in quantitative (as well as qualitative) terms, as a function of both the likelihood (often 

quantified as a probability) of occurrence of a specific outcome and the hazard (i.e. severity or degree of 

negativity) of that specific outcome.  From the perspective of business, risk is realized as financial 

liability, and for this reason it is easy to understand why a science has developed around the identification 

and (attempted) precise measurement of risk. 

The concept of “risk” resides, not in the present or within any objective reality, but entirely within the 

subjunctive—i.e. the world of possibility—and the subjective, or imagined realm.  Nonetheless, from its 

naissance in the early modern era to today, the experience of risk has profound implications for the 

functioning of society.  The experience of risk is mediated by the way in which it is perceived—

something that has been shown to be a function of culture (Renn et al., 1992; Sjöberg, 1999; Rohrmann & 

Renn, 2000).   



19 

 

Leiss (2001) contends that risk emerged as a direct consequence of the great shifts in thought that led 

from the Renaissance to the early modern, or Enlightenment, era.  Leiss has argued that the origins of risk 

are located specifically in the work of English philosopher Francis Bacon (1561-1626), whose life work 

was to decouple Christian theology from natural science, the study of which, he wrote, would give man 

greater control over his world.  This theme is expressed in Bacon’s most famous quote, “Knowledge is 

power” (from Meditationes Sacræ [Sacred Meditations] (1597), "De Hæresibus" [Of Heresies].   

Notwithstanding the criticism of his reliance on “judgment” in the interpretation of evidence, there is no 

doubt that Bacon’s writings delineate between the belief in a Divine fate —that the Christian God 

determines all events and outcomes experienced on earth—and the belief that Nature is a system, the rules 

and behaviours of which, can, through meticulous observation, come to be understood and utilized.  This 

is expressed in the preface to the Novum Organum [The New Organon], in which Bacon distinguishes his 

method of inquiry from that of his clerical contemporaries as well as that of the ancient Greeks: 

Those who have taken it on themselves to lay down the law of nature as something that has 

already been discovered and understood, whether they have spoken in simple confidence or in a 

spirit of professional posturing, have done great harm to philosophy and the sciences. (Bacon, 

1620:1) 

An important aspect of the preface is its very modern and familiar advice to attribute degrees of certainty 

to conclusions made in respect of observed evidence, ushering in the principles of reliability and validity.  

The text itself is a guide to the study and interpretation of nature, presented as a large collection of 

aphorisms.  Aphorism 3, below, illustrates Bacon’s contribution to the shift in thinking that permits the 

emergence of risk: 

Human knowledge and human power meet in one; for where the cause is not known the effect 

cannot be produced. Nature to be commanded must be obeyed; and that which in contemplation is 

as the cause is in operation as the rule. (Bacon, 1620: 5) 
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Thus, the project that began with man’s understanding of nature became the key to harnessing its power 

for application to the provision of human needs and wants.  The marriage of Bacon’s disciplined 

observation with mathematics produced the scientific method and the natural sciences that are 

foundational in modern engineering.  If modern engineering is fundamentally about harnessing the power 

of nature (Florman, 1976), this necessitates an actor and a decision.  These two concepts – agency and the 

decision to employ a particular technology are at the heart of how non-technocratic cultures relate to risk 

(Lupton, 1999). 

2.3 Perceptions of Risk 

At one level risk is familiar to all humans in twenty-first century post-industrial Western societies, while 

at another level it remains deeply misunderstood.  Douglas and Wildavsky (1982) first associated the 

concepts of risk and culture, albeit employing a rather rigid and simplistic model of culture.  In Risk 

Society: Towards a new Modernity (1992), Ulrich Beck contends that it is a defining feature of modern 

society that people feel endangered.  At the same time he acknowledges that in fact they are increasingly 

endangered by not only the technologies of the modern world, but also by the technologies developed to 

mitigate their harms—in a never-ending cycle that seeks to placate the public and limit liability.   

Communicating about risk is difficult because the mundane but highly subjective notion of risk held by 

laypersons bears no resemblance to the technical understanding of risk shared by specialists (Drottz-

Sjöberg, 1991; Slovic, 2000; Sjöberg, 1999) and because, as Kasperson points out, “…the defining of risk 

is essentially a political act” (in Leiss & Chociolko, 1994, p. 3).  For this reason, risk can be seen as a 

“culturally contentious” concept.  Since one of the tacit objectives of this thesis is to shed light on 

concepts made contentious by culturally-determined interpretation, the next section examines the ways in 

which different communities think about risk, and what this means for communicating across cultures 

about risk and about building relationships in this context. 
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2.4 Risk in Mining Engineering 

“The assessment and management of risk are integral components of the daily activities of all engineers” 

(Engineers Canada, 2015).  Engineers are introduced to the dominant model of risk, which is an 

expression of the relationship between hazard and probability, as represented in its most simplistic form 

below: 

R = hazard (loss) x probability 

where hazard is “the potential of a machine, equipment, process, material or physical factor in the 

working environment to cause harm to people, environment, assets or production” (Engineers Canada, 

2015) and probability is the likelihood of the hazard being realized.  Textbooks on risk written for an 

engineering audience typically deal exclusively with sources of technical and financial risk (Meyer & 

Reniers, 2013; Herrmann, 2015), however, research on stakeholder risk perception informs the discussion 

of mitigation and risk accumulation within the most recent industry standard ISO-31000 (International 

Standards Organization, 2009).  

The application of established safety factors (SF or FoS) in mining contexts from the design of slopes to 

pillars lowers the probability of realization of hazard (Hartman & Mutmansky, 2002).   

It is sometimes said that the problem of getting a mineral out of the ground is only 5% of what mining is 

about—while the other 95% involves management of mine waste (Joe Ringwald, speaking at the Annual 

General Meeting of the Canadian Institute of Mining, Metallurgy and Petroleum’s Environment and 

Social Responsibility Society (ESRS), in Montreal May 12, 2015).  Since it is a primary hazard, it might 

be said then that many of the professionals working within the extractive sector are fundamentally 

engaged in various aspects of the management of risk.   

Regardless of how risk is conceptualized or modeled, the massive scale and lengthy lifecycles of modern 

extractive projects mean that even small variations, and unforeseen interactions, amongst a multiplicity of 

hazards can result in significant project risk.  Thus, effective management of risk is critical for both 

industry and communities.   
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To organize the discussion, risk affecting the extractive industry can usefully be categorized as follows 

(based on Deloitte, 2014; Ernst and Young, 2013; Ernst and Young, 2015; and Willis Towers Watson, 

2014):  

1. Strategic risk, comprising: 

• Financial 

• Geopolitical 

• Social 

2. Enterprise (operational) risk, comprising: 

• Health and safety 

• Equipment/production problems 

• Supply chain security 

• Environmental 

• Political 

• Social 

Figure 1 shows Ernst and Young’s annual assessment of sector risks for 2014.  Directional arrows 

indicate change in rank from the previous assessment.  Failure to obtain/difficulty obtaining the social 

license to operate rose from the sixth (Ernst & Young, 2012) to the fourth most significant risk facing the 

industry (Ernst & Young, 2013).  By 2015, social license to operate reached the number three position 

(Ernst & Young, 2014) but has since returned to the still significant, position four (Ernst &Young, 2015). 
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Figure 1: Ranking of Extractive Sector Risks for 2014  

(Ernst &Young, 2013) 

Management of strategic financial risk has been extensively studied and theorized, with the employment 

of both general and industry specific (mineral economics) models (OECD, 2013).  Even as the extractive 

industry copes with a protracted downturn in commodity prices, shrinking capital markets, and high 

production costs, it has access to tested tools for the management of such uncertainties.  There are fewer 

metrics for quantifying geopolitical risk and political risk, which include uncertainties ranging from 

security of leases, predictability of royalty and taxation rates, to introduction of local or external 

competitors to stability of host country governments, although the top insurance and accounting firms 

publish dense and extensively researched guidance documents annually (Deloitte, 2014; Ernst and Young, 

2013; Ernst and Young, 2015; and Willis Towers Watson, 2014).  Behre-Dolbear’s annual report on 

mining investment compares risk using a set of seven criteria, including corruption and the degree to 

which social issues affect mining (2011), while the Fraser Institute’s Annual Survey of Mining and 

Exploration Companies (2015) assesses investment attractiveness using a “Policy Perception Index,” 

which approximates political and social risk.  

Perhaps because its potential to negatively affect project costs has only emerged relatively recently, social 

risk poses a significant additional challenge for industry.  Validated models to predict probability of 
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occurrence and magnitude of social hazards do not yet exist, although a number of proprietary social risk 

management tools are marketed by corporate social responsibility (CSR) consultancies (for example: 

Borealis, IsoMetrix, Corporate Governance Consultancy, and Enablon).  As of 2016, there is no scholarly 

literature to document either the validity or reliability of the models upon which these products rely.  As a 

contributor to overall project risk, social risk is problematic because it is increasing annually (Ernst and 

Young, 2014) and due to its complexity it is not well understood.   

Enterprise risk includes uncertainties that may arise during mine operation, as well as after 

decommissioning.  In North America, a determined shift that re-oriented corporate culture towards safety 

has lessened health and safety risk, combined with continuing research in the areas of rock mechanics, 

ventilation, and automation, have resulted in increased understanding of physical risk and provided 

technologies and processes for more effective mitigation.  At the operational phase, additional 

uncertainties come to bear, while political and social risks remain a concern.  In stable regimes such as 

those in North America and Australia, political risk during the operations phase includes changes to trade 

and banking policy as well as changes across the regulatory landscape.  In countries commonly referred to 

as “developing,” additional elements must be factored into risk management strategies.  These include 

host government instability (indeed, this sometimes requires a consideration of government legitimacy), 

capacity to enforce regulations, corruption, and judicial capacity and independence.  Security for mine 

personnel and property may also be considered as functions of political risk as well as health and safety 

risk. 

The term “social risk” is relatively new, reflecting increased awareness of interaction between business 

certainty and the scope and severity of the impacts upon individuals and communities created by large 

industrial projects (e.g., public infrastructure projects such as dams and power plants, and large 

production facilities such as mines and petroleum processing facilities). 
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2.5 Contextualizing Risk and Uncertainty in the Extractive Sector  

This section provides a brief overview of current theory on risk perception, risk analysis, and approaches 

to risk communication.  Two short cases provide examples of losses suffered by Canadian mining 

companies when social risk was poorly managed.  Both cases demonstrate the links between early stage 

failure to comprehend and appropriately address the role of culture in determining community 

receptiveness to a project, the inadequacy of corporate risk communication and the catastrophic 

consequences that resulted.  

Strategic risk must be managed effectively in every sector, but the extractive sector is uniquely challenged 

by political and socio-cultural uncertainties due to the fact that the option to relocate is not available—ore 

bodies exist in situ. 

2.5.1 Socio-cultural and Political Risk  

Problematic social consequences have accompanied the practice of mining throughout history.  In his 

1556 text on mining and metallurgy, De Re Metallica, Georgius Agricola confronted contemporary social 

critique that was remarkably similar to current concerns.  Quoting such venerable ancients as Virgil, 

Pindar and  Sappho, Agricola convincingly argues that many of the social ills associated with mining, are 

correctly attributed to human nature (specifically, greed), and that mining, itself, offers unparalleled 

benefit to society (Hoover & Hoover, 1950, pp. 15-21).   

Eclipsing the social problems that result from the baser elements of human nature, are the social problems 

that have arisen since Europe embarked upon the colonial project.  In countries where the legacies of 

colonization have eroded the rights of indigenous peoples within their own lands, the sources of social 

risk that affect the extractive sector have deep, often cultural, roots.  Paramount amongst these is the 

likelihood of fundamentally incompatible worldviews, especially with respect to what constitutes 

“appropriate development” and how quality of life is measured. 

This tension is often amplified by a variety of factors, including: 

• Distrust of institutions (whether governmental or corporate) 
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• Mining’s environmental legacy 

• Marginalization of indigenous and peasant populations  

• Activism (in particular, in the form of non-local organizations) 

• Evolving land rights legislation 

• International standards (United Nations, International Labour Organization (ILO), International 

Finance Corporation (IFC), etc.) (Boutillier & Thomson, 2011; Franks et al., 2014; Natural 

Resources Canada, 2015). 

2.5.2 Extractive Sector Conflict and Risk Mitigation 

Over the past 30 years, as the expectations of communities and civil society have grown and evolved, 

industry’s approach to local stakeholders has also had to change.   

Changes in CSR practices intended to “earn the social license to operate,” have been motivated by several 

factors, including:  

• The 24-7 news cycle and the rapid expansion of internet availability to communities that were 

once isolated (Jenkins & Yakovleva, 2006) 

• Current and evolving community expectations resulting from broad acceptance of international 

soft-law such as the United Nations Declaration on the Rights of Indigenous Peoples 

(UNDRIP) and its standard of Free, Prior, and Informed Consent (FPIC) (Dashwood, 2007; 

2012) 

• Pressure from a growing number of non-governmental and activist organizations (which may 

have underlying agendas that are not always in the community’s interest, including, in some 

cases, opposition to all mining) taking up the causes of affected communities (Owen & Kemp, 

2013) 

• Reputation management and increased shareholder pressure to solve problems (Jenkins, 2004).  

Concurrently, many stakeholders interested in promoting mine development have sought to diminish 

social unrest through various multi-party means: 
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• Campaigns to showcase the material advantages mining brings to communities and to build 

local interest (Mining Industry Human Resource Council, 2015; Natural Resources Canada, 

2015; Global Affairs Canada, 2009) 

• Legislation at home, adding clarity to legislation respecting land tenure, although as experience 

with Bills C-38 and C-45 demonstrated, clarity without respect for cultural values is not an 

effective means of diminishing social risk (West Coast Environmental Law, 2013)   

• Assistance drafting mining legislation abroad has been promoted as modernization and 

supporting foreign investment, but local critics argue that the interests of multinational mining 

firms have trumped those of residents (Arsenault, 2007, Berthiaume, 2013) 

• Capacity building for local governments in the form of training for local officials (Global 

Affairs Canada, 2014). 

There is no shortage of examples of industry-community conflict.  In their 2011 review of some twenty-

five cases, Davis and Franks found that twenty-one related directly to environmental problems.  Indeed, 

disregard for the environment (as exemplified, for example, in riverine tailings deposits) accounted for 

much of the criticism of Barrick’s Porgera Mine and BHP Billiton’s Ok Tedi Mine, both in Papua New 

Guinea.  Even before spills and other accidents occur, community concerns often begin with unease about 

potential negative environmental impacts.  When these concerns are compounded by cultural differences 

that are disregarded during the development phase, company-community relationships may become 

dysfunctional as the cases of HudBay’s Fenix Mine and GoldCorp’s Marlin Mine, both in Guatemala, 

illustrate – these are presented in further detail in the following subsections.  

Like many countries in the developing world, Guatemala currently struggles with widespread corruption, 

and a lack of capacity to enforce the rule of law (Behre-Dolbear, 2011).  The expulsion from their lands 

and massacre of large numbers of the country’s indigenous Mayan population during the war years has 

been characterized as a genocide (Manz, 2002) that continues to shape the country’s social instability. 
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Both cases center on legacy projects for which legal permits had been granted by a central government 

that lacked democratic credibility, where pre-acquisition consultation with the local indigenous 

communities had been negligible, and where the autonomy granted to a local subsidiary resulted in 

allegations of human rights abuses.  In both cases, community engagement efforts post-acquisition were 

minimal, with only perfunctory communication from the local company.  A review of the literature did 

not reveal any attempts by either HudBay or Goldcorp to ensure that standards of engagement and 

consultation followed in Guatemala were equivalent to those followed in Canada.  When reports of 

violence emerged, early risk and crisis communication by Canadian corporate head offices only 

contributed to growing frustration and anger on the ground, as well as increasing condemnation and calls 

for divestment from non-governmental and civil society organizations.7   

2.5.3 HudBay Minerals’ Fenix Project in Guatemala 

HudBay Minerals, Inc. (HudBay) acquired the Guatemalan mining company Compania Guatemalteca de 

Niquel (CGN) and its Fenix Mine near El Estor, Guatemala in 2008. As shown in Figure 2, the Fenix 

Mine marked by an orange flag, is located at sea level close to Lake Izabel, the country’s largest 

freshwater lake.  Most of the population in the areas around the mine are Mayan Q’eqchi’ (Aba, 2014).   

The Fenix Mine has a long association with conflict.  Canada’s INCO became interested in the property 

around 1960, around the same time that Guatemala’s civil war began.  In 1965, the company received a 

40-year lease and the country’s constitution and mining laws were rewritten to permit (previously banned) 

open-pit operations (Swift, 1977).  

                                                 
7 The Government of Canada’s response to unremitting negative attention on industry was the creation of the Office 
of the Corporate Responsibility Counsellor for the Extractive Sector, with responsibilities for mediation of disputes 
that could be brought by any party affected by the actions of a Canadian mining company operating abroad. 
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Figure 2: Fenix and Marlin Mines, Guatemala  
(Image courtesy of Mining Atlas.com at https://mining-atlas.com/country/Guatemala.php) 

HudBay is currently in the unprecedented position of having to defend itself in a series of three Canadian 

lawsuits related to incidents of violence and the abuse of human rights: 

• Margarita Caal Caa v. HudBay, Inc.  has been brought by eleven women who claim that, in 

2007, prior to the company’s acquisition of the mine, they were attacked and gang-raped by 

security, police and army personnel who were using force to evict the community from farmlands 

near the mine.  Among the allegations is the charge that the previous owners HMI/Skye were 

“…negligent and careless in seeking, requesting and authorizing the forced evictions of Lote 

Ocho without taking reasonable steps to protect the community from the use of violence during 

this eviction” (Klippensteins, 2016). 

• German Chub Choc v. HudBay, Inc. has been brought by a local father who was shot in the head 

by a member of the mine’s security force, and alleges that HudBay negligently authorized the 

excessive use of force by its security personnel in response to Mayan Q’eqchi’ communities that 

were opposed to the illegal occupation of historic Mayan land 

https://mining-atlas.com/country/Guatemala.php)
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• Choc v. HudBay, Inc. has been brought against the company by the widow of a well-known 

teacher and activist, who is alleged to have been hacked to death by mine security forces as he 

sought to calm the community’s rising anger over forced relocation. 

In an historic decision, on July 22, 2013, the Ontario Superior Court granted leave for a suit brought by 

thirteen members of the community alleging human rights abuses to be heard in Ontario, under Canadian 

law.  Traditionally, Canadian Courts have declined to hear cases involving actions extra-territorially 

because of jurisdictional limits, but for the first time, in Choc v. HudBay, a Canadian company’s bid to 

have a case brought against it by foreign nationals for losses incurred outside Canada dismissed on 

jurisdictional grounds, was denied (Mijares-Peña, 2014).  On June 30, 2015, the Court further ordered 

HudBay to release all internal documents related to security and management of their Guatemalan 

subsidiary. 

The conflicts that resulted in the events which are the subject of the three lawsuits are typical of mine-

community conflicts.  Loss of traditional lands and involuntary relocation (less provocatively, referred to 

as “resettlement”), often by force is often imposed upon indigenous peoples by central governments.  The 

economic insecurity that accompanies a subsistence or traditional lifestyle, lack of education and 

livelihood options, compounded by differences in language and values from the dominant society, leave 

indigenous and peasant communities vulnerable (Owen & Kemp, 2014).  Prior to the re-starting of the 

Fenix Mine, many Mayans who had been removed during the civil war, had returned and rebuilt their 

homes, asserting that they had never surrendered the lands surrounding the mine (Klippensteins, 2016). 

In requesting that HudBay be compelled to provide relevant company documents, Cory Wanless, 

representing the plaintiffs, told the Court, “…serious deficiencies regarding Hudbay’s interactions and 

relationships with the plaintiffs’ communities that contributed to the alleged gang rapes, shooting and 

murder committed by Hudbay’s security forces…” (Fraiberg et al., 2013).  HudBay’s exposure in the 

Fenix cases underlines the business imperative of culturally competent engagement with effected 

communities.  
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2.5.4 Goldcorp’s Marlin Mine in Guatemala 

When it acquired Glamis Gold in 2006, Goldcorp, a transnational major miner headquartered in 

Vancouver, became Canada’s second largest gold miner and the fourth largest gold miner in the world 

(Canadian Mining Journal, 2006).  One of the properties acquired was the newly productive Marlin Mine, 

located near San Miguel Ixtahuacan and Sipacapa in the San Marcos Department of Guatemala.  The 

mine is shown by the yellow marker in Figure 1.  

Prior to the acquisition, the Marlin project had come under scrutiny by the International Finance 

Corporation (IFC), which had provided financing to Glamis’ local subsidiary, Montana Exploradora de 

Guatemala, S.A (Montana).  The IFC’s Office of Compliance Advisor/Ombudsman (CAO) had received 

complaints from Mayan communities in Sipacapa.  After an investigation that included a field visit and 

thorough review of IFC and company documentation, the report concluded that, while many of the 

environmental concerns of the local population had been adequately mitigated or managed by the 

company, water quantity concerns and negative social impacts had not been addressed adequately, and 

that the communication with the community had not only failed to reassure them but had amplified 

distrust (Office of the Compliance Advisor/Ombudsman, 2005).  

The IFC’s 2005 report documents fundamental community engagement and communication failings that 

allowed tensions around the Marlin project to escalate.  For example, a 2005 referendum which rejected 

mining was ignored by the central government, which asserted its unilateral authority to grant permits, 

apparently forgetting the fact that the country is a signatory to ILO Convention 169 (Woodin, 2015).  

Resistance by some residents to selling their land to the mine caused resentment from those who wanted 

jobs.  Tensions emerged early and were allowed to fester, resulting in social destabilization (Mercer, 

2012).  

In 2009, the community brought allegations that local activists had been threatened and that security 

forces hired by the mine were involved in incidents of intimidation and violence, as well as a murder, to 

Canada’s Organization for Economic Cooperation and Development (OECD) National Contact Point 
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(NCP).  International media coverage and the seriousness of the allegations put not only Goldcorp, but the 

reputation of Canadian industry under a glaring and unwelcome spotlight.  The Government of Canada 

responded by creating the Office of the Corporate Social Responsibility Counsellor for the Extractive 

Sector, to “…help Canadian mining, oil and gas companies meet their social and environmental 

responsibilities when operating abroad” (The Office of the Extractive Sector Corporate Social 

Responsibility Counsellor, 2011, p. 6).  Goldcorp’s shareholders requested the company commission an 

independent human rights assessment. 

On Common Ground’s 2010 report represented one of the first applications of the Protect, Respect and 

Remedy Framework (Ruggie, 2011), which has been adopted by the International Council on Mining and 

Metals (ICMM) as a standard for human rights protections (International Council on Mining and Metals, 

2012).  The report found that, despite the project’s significant material contribution to the community, 

human rights had not been specifically addressed and this constituted a human rights concern.  The report 

highlighted the role of the local subsidiary, Montana, in allowing community concerns to escalate: 

• Montana had complied with less onerous and poorly enforced local laws, rather than the more 

demanding international standards.   

• Montana had not conducted competent social impact assessments or done due diligence to 

understand the social baseline.  

• Montana’s failure to communicate in the local languages and to acknowledge the cultural 

distinctiveness of the two Mayan-speaking communities near the mine, left communities 

without information and signaled a lack of respect for indigenous rights (On Common Ground, 

2010).  

On Common Ground found no evidence to suggest that Goldcorp was complicit in alleged abuses, but the 

company’s lack of policies and procedures respecting human rights as well as inadequate 

oversight/management of subsidiary Montana were found to have contributed to the worsening situation.   
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The report’s practical recommendations included: 

• Development of a comprehensive human rights policy with procedures to be fully integrated at 

every level of operation to avoid the inconsistent/incomplete/contradictory approaches that 

were found. 

• Policies respecting corporate social responsibility and human rights be adopted at the Board 

level so that they are binding on the corporation and its subsidiaries.  

• International standards be adopted (not merely “implemented”) so that obligations for external 

audits are realized. 

• Acknowledging the fact that the Marlin Mine was a legacy project for Goldcorp, an early and 

comprehensive Environmental and Social Impact Assessment is imperative to protect human 

rights. 

• Human rights assessments need to be conducted periodically as part of monitoring.   

• Commitment to change and effective leadership are required to undo “entrenched attitudes and 

dynamics in the relations with local communities and other stakeholders in Guatemala.” 

• Extensive training for employees combined with incentives to improve human rights 

performance, along with financial and human resources to effect change. (On Common 

Ground, 2010). 

The report makes it clear that among Goldcorp’s failings were lack of awareness of the social, political 

and cultural backdrop of the country and the community.  Goldcorp failed to appreciate the seriousness of 

the community relations/trust breakdown that Montana’s minimal legal compliance approach had created.  

The damage to Goldcorp’s reputation was significant, with numerous calls for divestment from civil 

society and church organizations (Council of Canadians, 2014; Cox, 2015). 

2.5.5 New Gold’s New Afton Mine 

The New Afton mine is located in the traditional territories of the Tk’emlúps and Skeetchestn Bands, 

which are part of the Secwepemc First Nation, approximately 350 kilometers northeast of Vancouver, 
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near Kamloops, British Columbia.  Like the Fenix and Marlin Mines, the New Afton property was a 

legacy purchase.  The 2007 purchase of the high-grade open-pit Au-Cu property from Teck Resources 

Inc. transformed New Gold from an exploration company into a producer, with commercial production 

beginning in 2012.  Life of mine is expected to be 12 years. 

A Resource-Sharing Protocol MOU, signed by the two bands, sets out protocols for the conservation and 

of management of natural resources.  In 2008, this put them in a strong position when they signed the 

New Afton Participation Agreement, which laid out terms for communication, co-operation and 

engagement with New Gold.  It is the basis for discussions respecting permitting, financing, distribution 

of benefits, and even operations (Stk'emlupsemc Te Secwepemc Nation, 2016).  

It cannot be overstated that operations in Canada are bounded by a rigorous regulatory regime, although 

the New Afton project’s size and legacy status meant that it fell below the threshold for a full 

Environmental Assessment.  As important as the regulatory climate, operations are constrained by Section 

35 of the Canadian Constitution Act of 1982, which affirms sui generis Aboriginal rights, notably, title.  

The title rights of Aboriginal peoples in British Columbia are not diluted or complicated by treaties, as 

was shown in the 2014 Tsilhqot’in Nation decision (2014).  Further, the Tk’emlúps te Secwepemc Band 

describe themselves as “progressive” (Stk'emlupsemc Te Secwepemc Nation, 2016), placing a high value 

on education (Sk’elep, 2016) and with their approximately 1000 members operating a mature and 

diversified economy.  

The environment in which New Gold built a relationship with the local community is markedly different 

from that which HudBay and Goldcorp encountered in Guatemala.  Depending on one’s perspective, 

these differences can be seen as advantages or disadvantages, but two key factors stand out: 

1. The legal framework provided by Canada’s Constitution imposes a higher bar for engagement, 

which is measured against Canada’s legal definition of “consent” (Haida Nation v. British 

Columbia, 2004).   
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2. The cultural divide that tends to impede industry-indigenous engagement was attenuated by the 

sophisticated (in the sense that the community has developed a program of modern education that 

incorporates and promotes Secwepemc traditions and cultural values), and outward-looking 

approach of the well-educated Tk’emlúps te Secwepemc and Skeetchestn Bands, who were less 

politically and economically marginalized than their fellows in Guatemala.  The bands’ high level 

of education and fluency in English also dampened the power-differential between the 

communities and the company. 

Working in this environment, New Gold has conformed to industry best practices.  For example, New 

Afton is B.C.’s only ISO14001 (2013) and ISO50001 (2014) certified mine (National Aboriginal Energy 

and Power Association, 2015).  Its Tailings and Water Management Facilities Emergency Preparedness 

and Response Plan (2014) is publically available.  In addition, New Gold is a member of MAC’s 

Towards Sustainable Mining Program, and environmental safeguards at the New Afton facility are 

verified by a third party.  Best practices notwithstanding, risk events do occur, as when a broken valve 

resulted in a 16 cubic meter8 spill in 2014 (Tk’emlúps, 2014).  Even though the spill was small and 

contained, such a breach had the potential to negatively impact the community-company relationship, but 

it did not.  Material benefits that accrue directly to the community undoubtedly played a role in the 

response, but so too, did the strong partnership apparatuses that were in place, notably, the Joint 

Environmental Monitoring Board, with representatives from the bands, New Gold and the Ministry of the 

Environment.  The Board meets quarterly and consults with Traditional knowledge keepers before 

potentially disruptive work is commenced (British Columbia Aboriginal Business and Investment 

Council, 2016).      

                                                 
8 For comparison, the Mount Polley spill sent approximately 17 million cubic meters of tailings into nearby 
waterways. 
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2.5.6 Comparing and Contrasting the Three Case Studies 

Clearly, New Gold has, with its partners, the Tk’emlúps and Skeetchestn Bands, built a trusting and 

resilient relationship based on a foundation of dialogue.  It might be argued that the context is too 

different from what was encountered by Goldcorp and HudBay in Guatemala, but in fact, every context is 

as unique as the culture of the local community.  Greater education and sophistication (as defined by the 

dominant society) may make the first steps to engagement a little easier for industry, but any successful 

operation will depend upon sensitive, culturally informed communication.   

HudBay’s Fenix and Goldcorp’s Marlin cases are typical of mining projects that become liabilities for 

communities and companies alike.  In both cases, the Canadian parent company had maintained an arms-

length relationship with their local subsidiary.  The local subsidiaries had adhered to local legal 

requirements in a country with weak governance capacity.  Compliance with local law, where poverty and 

oppression of indigenous peoples is part of the social fabric, proved to be completely insufficient to 

protect against disruption to operations and international condemnation.  Engagement strategies founded 

on a monologic communication model9 (Tufte & Mefalopulos, 2009) document a lack of awareness of 

development principles and appreciation of the need to open a two-way dialogue in order to build trusting 

relationships with the affected communities.  Theory and practice has had to evolve rapidly in order to 

avoid repeats of Fenix and Marlin.  In their guide to implementing FPIC, Doyle and Carĩno (2013), 

outline human rights due diligence for companies a) acquiring legacy properties, and b) working in areas 

where there is weak or non-existent government recognition of, and protection for, indigenous rights.  

They argue that an understanding by industry of the rationale for FPIC, i.e., supporting indigenous 

peoples’ right to self-determination, is key to constructive relationships.      

                                                 
9 In a communication guide prepared for the World Bank, Tufte & Mefalopulos (2009) contrast monologic models 
of communication, in which the singular goal is transmission of information to an effectively passive audience, with 
persuasion as the indicator of success, with the dialogic model, in which communication is seen as two-way and 
where the goal is greater engagement of the parties.  
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In contrast, the case of New Gold’s New Afton Mine demonstrates the critical importance of the 

company’s policy of “honest dialogue,” in its approach to corporate-community communication.  New 

Gold’s First Nations Coordinator Martha Manuel explains:  

As beneficial as it is to have a participation agreement in place it’s even more important to do what 

you can to develop that relationship with the First Nations by maintaining open and honest 

communication. Look for opportunities to socialize and get to know their history and background. I 

get asked for copies of the Participation Agreement all the time, but the Participation Agreement is 

just a document. What you need to do is work on the relationship and it doesn’t say that anywhere 

in this agreement. If you want a relationship to work, you have to work on the communication and 

have integrity in that relationship. (British Columbia Aboriginal Business and Investment Council, 

2016). 

 

2.6 Rethinking the Mitigation of Social Risk 

The approaches taken by both HudBay and Goldcorp in the cases presented in Sections 2.5.3 and 2.5.4 to 

mitigate growing social risk relied heavily on traditional monologic risk communication strategies and the 

promise of material benefits.  These strategies are typically oriented towards a pre-determined and 

narrowly scoped goal, and while orienting activity and resources towards achievement of a goal is 

undeniably a sound business practice, in the unique circumstances of mining, the unilateral (i.e. corporate, 

culturally foreign) definition of that goal is culturally imperialistic and has only hampered the 

development of trusting relationships, thereby increasing social risk.    

2.6.1 The Social Licence to Operate 

In fairness, the goal of risk communication has not traditionally been to build relationships.  Rather, it has 

been to adequately reassure—while it might be argued that “trust building” is a component, Hayenhjelm 

(2006) points to promoting the interests of the proponent rather than “relationship” building, as its 

objective.  The proponent’s interests have been loosely captured within the concept of the social licence 

to operate, widely understood to refer to obtaining “… the ongoing approval and broad acceptance of 

society to conduct its activities” (Prno & Slocombe, 2012), and in legal terms, (in the Canadian context) 
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by consultation (Moralatto, 2009).  Since the Government of Canada announced in October 2015 that it 

would move to ratify UNDRIP, proponents will now have to meet the higher standard of consent, a 

standard which in legal terms, remains contested (Brown, 2014), but which, in practical terms, is 

achievable only through the development of respectful relationships with communities.  Risk 

communication-based approaches to mitigation of social risk are unsuited to the industry’s new reality—

the imperative of relationship—because their focus is on one-way transmission of information.   

Failure to consider relationship as the key goal of community engagement efforts illustrates a cultural 

problem—the very concept of relationship, among others, is culturally defined, and for many cultures it is 

a precondition for communication about contentious issues.  Without a greatly improved capacity to 

appreciate the cultural imperative of relationship and create appropriate responses to cultural differences, 

the extractive industry will face a continuum of conflicts.  

2.6.1.1 An Example – the Concept of Place 

The most significant constraint on mineral resource development is place, since ore must be extracted in 

situ, where geologic forces have placed it.  Culturally, place has very different meaning and importance 

for different groups.  In a post-modern and globalized Western culture, place is simply where you are at a 

point in time.  Like so much else in a capitalist society, place is for consumption and is disposable.  Since 

the industrial revolution, as mechanization allowed production to be consolidated, the dominant culture’s 

collective connection to place has become less visceral and more fragmented.  People now relocate for the 

next opportunity or the big promotion, climb the property ladder, and buy low/sell high.  Multiculturalism 

notwithstanding, to the privileged and educated professionals of the West, place may be home, but it is 

also a fungible asset as in Location! Location! Location! 

Connection to land was, until the twentieth century, a deeply held value within some Western European 

cultures.  Indeed, there are still some members of Canadian society whose connection to place has 
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remained strong in spite of pressures: Century Farm10 plaques in rural Ontario remind us that some farms 

have been home to a family for successive generations.  But farming is hard work and local producers 

cannot compete on price with industrial-scale production, particularly from low-wage jurisdictions.  And 

so, later generations are electing to move to the city for work.  For the dominant culture, ties to place have 

become more tenuous over time and have now all but disappeared. 

The view of land as commodity stands in stark contrast to cultures for which place is intimately bound 

with identity—for most indigenous cultures, place is central to their creation stories, to their spirituality 

and physical sustenance, and to who they are as a people (Bryan, 2000; Turner et. al., 2000).  As such, 

stewardship of traditional lands is often held to be a sacred duty.  For these reasons, concerns about 

mining development can be understood as manifestations of cultural identity.  So deeply held is the value 

of land within indigenous cultures that even those whose life has been spent away from their traditional 

lands report that returning and reconnecting to the land has restored their pride and sense of self, and has 

brought them spiritual well-being (Hill, 2009).  For most indigenous cultures, the ancestors and the 

peoples’ entire story reside within the land and its elements (McGregor, 2005).  For many of the 

indigenous peoples of North America, the land is referred to as “our mother” who provides for them with 

water, flora, and fauna, and who must be protected and revered (Government of Manitoba, 2000).  

Contrast this profound and complex cultural connection to land, with the capitalist conception of land as a 

commodity to be exploited for maximum financial profit (Borras, 2012), and compound this contrast with 

the current sequelae of the colonial era’s marginalization of many of the world’s indigenous communities 

and the expropriation of their territories—it is unsurprising that in the present day, the dialogue required 

by consultation is impeded by a lack of common understanding.  Consent, the coming standard for project 

approval, may prove to be unattainable without finding a way to meaningfully address culturally-

determined values. 

                                                 
10The Ontario Century Farm (CFS) plaque program was introduced in 1967.  It was conceived of as a Centennial 
project to recognize the long-standing stewardship of farm families (Junior Farmers’ Association of Ontario, 2014) 
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2.6.2 The Social Licence to Operate 2.0 

Currently, the social licence to operate functions as a proxy for social risk.  As described in Section 2.6.1, 

its litmus test, obtaining and maintaining consent from community for a project, is often aspirational.  

First coined in 1997 by mining executive Jim Cooney,11 the term sought to give voice to people affected 

by development (Gerson, 2014).  The social licence captures the idea of community approval or consent.  

The intangible social licence is precious, because it decreases uncertainly (the likelihood that community 

protests will threaten operations), confers the legitimacy that protects reputation, and ensures access to 

investment capital.  

Speaking about the likelihood that the proposed Northern Gateway Pipeline could eventually be built, 

given the strength of opposition, particularly by Aboriginal title holders, Prime Minister Justin Trudeau 

emphasized the importance of the social licence within Canada: 

The one thing that we made very, very clear was that there needs to be social licence, there needs to 

be public trust before projects like these can go ahead. We need to be consulting with communities, 

we need to be partnering with indigenous peoples. We need to be reassuring Canadians that the 

science and the environmental impacts and the risks are being properly monitored that this and any 

project is truly in the best interest of Canadians and future generations. (Bennett, 2015). 

As presently conceived, though, the social licence is contested—in part due to the lack of broad 

agreement for a precise definition, but also because many in proponents of development believe that it 

creates even greater uncertainty by enabling project opponents (who they see as contrarians or activists) 

to effectively override regulatory approvals (Gerson, 2014).   

Indeed, a few aspects of the social licence continue to engender debate among proponents, consultants 

and government regulators.  These include: 

                                                 
11 As his biography on the Canadian International Resources and Development Institute (CIRDI) website notes, 
outgoing Chair Jim Cooney has been a visionary (2015).  Since the 1990s, Cooney has helped to advance and define 
concepts related to sustainable development in the industry through his work with Mining Minerals and Sustainable 
Development (MMSD) project, the World Bank, the International Finance Corporation, and Canada’s National 
Roundtable on Corporate Social Responsibility. 



41 

 

1. Determining who has authority to grant a social licence:  Geography contributes to the 

complexity of this determination in respect of Canada’s many pipeline debates, not simply 

because pipelines cover long distances, but because watersheds, ecosystem sensitivity and 

patterns of land-use mean that the definition of “affected community” is highly variable along 

any route.  Compounding this is complexity is the presence of Aboriginal communities with 

traditional territories, perhaps with active land claims, and desires to maintain traditional 

practices.  Within and between Aboriginal communities there are often diverse opinions about 

culturally appropriate development and acceptable levels of risk.  In every physical community, 

vocal factions may emerge around opinions, and history shows that external organizations, with 

agendas of their own, have often inserted themselves into such debates.  Defining consensus and 

identifying the legitimate voice of the community are highly non-trivial issues affecting the 

social licence. 

2. The appropriate weight given to the social licence:  While community leaders and civil society 

organizations point to the concept as a standard, Neoliberal theorists argue that it acts as an 

unwarranted and costly impediment to project development, as exemplified in the School of 

Public Policy at the University of Calgary’s symposium entitled, “Is Social Licence a Licence to 

Stall?”  The symposium’s program reflects anxiety (or perhaps, contempt) respecting the 

concept:  

“Social licence” is a relatively new term which some interests are using to create a different 

standard for the approval of projects –especially energy projects.  According to social licence 

advocates, projects must meet often ill-defined requirements set up by NGOs, local residents 

or other interests - a new hurdle for project approval, but without the rigour and rule of law 

of a regulator (University of Calgary, 2014). 

3. Fluidity of the definition:  Depending on the speaker and the audience, the definitions offered 

vary subtly and sometimes dramatically.  For example, Ian Anderson, president of Kinder 

Morgan Canada, says, “Social license is about trust, respect, performance, improvement and 

http://www.cepa.com/how-are-pipeline-companies-earning-canadians-trust
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humility and having those principles embedded in what you do,” (quoted in Canadian Energy 

Pipeline Association, 2014).  Anderson deftly avoids mention of either “consent” or “approval”.  

Recent literature explores shifting debates surrounding these issues (Owen & Kemp, 2013; Yates & 

Horvath, 2013; Parsons et al., 2014).  The ubiquity of the debate, the diversity of opinion, and the passion 

and richness of the discussion speaks to a broad appreciation of the potential captured by the concept of 

the social licence to operate.  

2.6.2.1 Redefining the Social Licence - Making Space for Culture 

The social licence to operate was developed as a tool for mitigating social risk (Gerson, 2014), which is 

experienced by project proponents and their shareholders, so it is not unexpected that the concept is 

defined in their terms.  “Social licence” is so captivating that it has come to be emblematic of a new, 

enlightened and respectful way of doing business, and it is understood by many to capture the free, prior, 

and informed consent intended in UNDRIP (Business Council of British Columbia, 2015).  For some, it 

represents many of the aspirations of CSR.  

Notwithstanding the widespread recognition of the utility and potential benefit of the social licence to 

operate, a fundamental omission in the current debate is the question of “who defines the social licence to 

operate?”  The preceding discussion suggests that with so much interest from so many corners, this is an 

obvious question, perhaps with “a negotiated/emergent consensus” as the obvious answer.  However, the   

concepts that must be addressed within any meaningful definition of the social licence, are not only 

contentious in terms of precedence assigned by cultural values, but are also understood differently—they 

have different meanings and are associated with different values by the various parties.  Compounding 

this problem is the fact that parties to a negotiation are not always aware that the other side is hearing 

things differently because they are unaware of (or unattuned to) the existence of worldviews other than 

their own: what is heard is filtered by culture.          
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As noted in Section 2.6, because it was conceived as a risk management tool, the social licence is 

monologically defined, as in, “How can we obtain a social licence?,” without consideration of the 

reciprocal question, “Why would I grant you a social licence?”   

It is straightforward and efficient for a business to ask the first question, which serves as a checklist—i.e. 

what does my company need to do to get the certainty we need?  Put so bluntly, the social licence appears 

merely pragmatic, self-serving, and less noble.  But, such a powerful concept can transcend mere proof of 

compliance—if relationship is prioritized.  If the social licence to operate is conceived of as tool, 

certainly for the mitigation of company risk, but equally as a means of getting to know a community and 

its priorities, it has potential to provide a framework for the ongoing dialogue that is required to build 

authentic and resilient trust.  As Section 2.5.5 showed, even with best-practice approaches to operations, 

accidents that test community trust, will occur.  A relationship developed through ongoing dialogue, that 

produces mutual insight and understanding is the foundation of trust.  And community trust offers the 

greatest protection against social risk.        

2.6.2.2 Redefining the Social Licence – The Problem with “Licences” 

When Cooney coined the term “social licence to operate in” 1997, he sought to elevate the concerns of 

communities, with a term that paralleled terminology employed in the government permitting process 

(Gerson, 2014).  The term’s success and appeal to so many communities of interest accounts for current 

debates respecting its proper meaning.  Proponent groups, especially those in the petroleum and pipeline 

industries complain that the social licence effectively undermines government authority to grant permits, 

and threatens all infrastructure projects.  They argue for diminishing the influence of the social licence 

(Gerson, 2014; Crowley, 2014).   

The term “licence” may contribute to critics’ comprehension problems.  Crowley argues that companies 

should be able to apply for a social licence, with the right to appeal should it not be granted.  He scoffs at 

the concept that “some abstract entity called ‘society’ must be satisfied or else it is illegitimate to build 

the mine or the pipeline” (Crowley, 2014).  Common usage of the term “licence” may indeed give rise to 
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the expectation that there will be a known set of conditions, and that once satisfied, the licence will be 

granted.   

Craig Ford, former Vice President, Sustainability for Inmet Mining, Inc., has suggested an alternative 

term that may help critics understand the nature and power of the social licence: he speaks about the 

privilege to operate (Oct 23, 2013, speaking at Queen’s University), a term which clearly communicates 

that there is no right to impose development on an unwilling community.  Reference to privilege in future 

discussions of the social licence may serve to underline, for the more obdurate, the meaning and intent of 

the transformative term. 

2.6.2.3 Redefining the Social Licence – Prioritizing Relationship 

Standard approaches to community relations do not acknowledge the fundamental role of culture in 

shaping values; in such approaches, the aim of building relationships is to support project agendas, and 

the task of relationship building is delegated to (specialized and highly-skilled) community relations 

staff;.  This starting premise is misguided. 

Because the concept of relationship is so critical to the indigenous and agrarian cultures that are often at 

the centre of extractive conflict, a more effective strategy for earning the social licence to operate is to 

build relationships independently of project agendas.  This relationship-first approach would invert 

current strategies: building relationships in order to communicate (about the difficult and culturally 

contentious issues that accompany extractive projects), instead of following communication strategies to 

create a relationship, offering several potential advantages arising from such relationships: 

• They inherently respect the cultural engagement preference of most affected communities 

• They build resilient trust and resistance to later-stage social risk 

• They contribute to capacity-building 

• They enhance the opportunity for exploring technical design alternatives for mining projects that 

are sensitive to cultural values 
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Anticipating the counter-argument that, particularly in the current uncertain climate, businesses cannot 

embark on loosely scoped open-ended projects such as building relationships independent of business 

interests, it must be emphasized that the proposed approach does not advocate that businesses should (or 

have the means to) expend resources in the pursuit of undefined ends.  Rather, the approach proposed in 

this thesis approaches the mitigation of social risk by casting mining engineers in a key role in the 

relationship building function within mining companies.  

Because trust is integral to effective management of social risk (Seigrist et al., 2012; Slovic, 2000; 

Kasperson et al., 2003, Leiss, 2004), the proposed approach conceives of mining engineers as building 

trust through culturally informed and competent engineering practice respecting mine design and 

operations.  As Anthony Hodge, the outgoing President of ICMM, has said,  

Generating this kind of trust is not possible through following the kind of paternalistic approach 
that characterized the industry only a few decades ago.  Progressive mining companies see 
themselves as a member of the community – a cog in the wheel – not even the dominant member… 
(as quoted in Klein, P., 2012). 

With an enhanced appreciation of culture as a determinant of values and attitudes, mining engineers can 

inhabit the forefront of community relations efforts, not duplicating the social impact assessment and 

development work of social scientists and community relations staff, but building trust as engineers. 
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: Mining Engineering Education Viewed Through the Lens of 

Culture 

The previous chapter identified the extractive sector’s lack of capacity to appropriately respond to a 

changing risk environment, in which cultural values play an increasingly important role –particularly with 

respect to social risk.  This thesis contends that a new approach to mining education offers an effective 

and efficient means of increasing industry’s capacity to engage with culturally diverse communities in 

order to reduce social risk.  This chapter introduces the relevant theoretical frameworks for the argument 

that risk-reduction approaches to mining must be culturally informed, and the corollary: that if mining 

engineers are to design and manage projects that obtain and maintain the social license to operate, the 

undergraduate mining engineering curriculum must support the development of knowledge and skills 

needed to understand the role of culture in shaping stakeholder attitudes to the extractive sector in general 

and to local projects in particular.    

Although mining education has not traditionally included the study of sociology and culture, it is apparent 

that as social risk becomes a greater threat (Owen and Kemp, 2013; Ernst and Young, 2014; Ernst and 

Young, 2015), failure to understand the extent to which cultural values affect community relationships 

with industry, and the consequent lack of ability to model effective approaches to building community 

trust, leaves mining’s key professionals unprepared to address pivotal determinants of project viability.    

The chapter begins by considering “culture” as a lens for understanding the values that collide around 

extractive projects.  The second half of the chapter presents the theories that inform the research 

undertaken in this thesis.  Taken together, the theories described provide a critical framework that 

supports the cultural approach taken to the related problems of conflict and social risk in mining.  The 

points at which these theories converge are highlighted in order to demonstrate the potential for 

catalyzing a cultural shift through a curriculum reform that is based on principles of transformative 

learning theory and disciplinary training.   
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3.1 The Lens of Culture 

Culture is known to play a role in conflict (Ting-Toomey, 1982; Featherstone, 1990; Avruch et al., 1991; 

Triandis, 1994).  The conflict that sometimes accompanies industrial scale extractive projects is no 

exception (Kemp et al., 2010).   

Culture and reviewing the ways in which cultures are thought to evolve.  The social and cultural 

dimensions of the engineering profession and the role played by education in reinforcing engineering’s 

cultural norms and values are discussed. 

3.1.1 Defining Culture  

Definitions of “culture” vary due to the fact that the concept is foundational in so many disciplines.  The 

word “culture” itself has become ubiquitous outside the social sciences, having become a fixation of 

popular media, and more recently having been identified as a vein to be mined within both the scholarly 

and popular literature of business (Rothman, 2014).  As if to underline the arguments made in this thesis, 

meaning of the term “culture” appears to transform depending on the field employing it.  But, it would be 

wrong to conclude that culture is a contested concept or that there is no broad consensus on its meaning.  

Rather, its influence on human activity is so powerful and pervasive that most researchers rely on 

definitions that are narrowly focused—something that depends on the field in which research is situated, 

as discussed in the following section.  A universally accepted sufficient and complete definition is 

elusive, but an amalgam of working definitions from several sources captures the factors that are 

foundational for cultures as well as the ways in which cultures are manifest.   

Baba and Pawlowski (2001) define culture as “shared systems of meaning and practice emerging from 

collective learning and taught to a group’s newcomers as the correct way to think and behave,” a 

definition that supports their work as engineering educators studying the processes by which novices learn 

disciplinary knowledge and modes of thinking.  Scholars concerned with education within many 

disciplines employ similar definitions that are limited to conceptualizing professions as cultures.  Indeed, 
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most of us will intuitively concur that disciplines function as distinct cultures, whose discourses and 

approaches to problems are may be completely unfathomable to an outsider.  

In the context of this work, “culture” refers to what Bennett and Bennett refer to as subjective culture 

(1993), the social factors that shape the development of a worldview.  Objective culture, i.e. the 

observable manifestations of culture (the artefacts, rituals, and practices of groups) is not the focus of this 

research.  Two definitions inform the conception of culture employed here.  The first focuses on process 

and the individual:  

Culture provides the blueprint that determines the way an individual thinks, feels, and behaves in 

society.  We are not born with culture, but rather learn it through enculturation and socialization. 

It is manifested through societal institutions, lived experiences, and the individual’s fulfillment of 

psychological and basic needs. (Gollnick & Chinn, 2009, p.31).   

Godfrey and Parker, (2010), who investigate the culture of Australian engineering education, 

acknowledge that they have built upon the work of Edgar Schein, who described culture as a core of 

beliefs and assumptions, which may be unconsciously held, that are expressed as the values and outward 

patterns of behaviour that guide choices and actions (Schein, 1992 in Godfrey & Parker, 2010, p. 6).  

Schein expanded upon this core to define the culture of a group as: 

…a pattern of shared basic assumptions that the group learned as it solved its problems of 

external adaptation and internal integration, that has worked well enough to be considered valid, 

and therefore, to be taught to new members as the correct way to perceive, think, and feel in 

relation to those problems. (Schein, 1992, in Godfrey & Parker, 2010, p. 6). 

As it is used in critical literature, culture is a powerful concept, encompassing the worldview and 

production (epistemology cosmology, artifacts and practices) of a particular group.  In the anthropological 

tradition, culture refers to the worldview and practices of a kinship group:  persons belonging to an 

extended family or tribal group with a common ancestry and history.  Thus, we speak broadly of 

“Aboriginal culture,” and more narrowly of “Algonquin culture.”  Similarly, we speak broadly of 
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“Western European culture” and with a sharper focus, of “Northern English culture.”  The lens of culture 

is so powerful, that, as stated above, it has been borrowed to facilitate the study of other non-kinship types 

of groups.  These include constructed groups, such as prison inmates and employees of a particular 

corporation and self-forming groups, such as disciplinary and professional communities (for example, 

doctors, mining engineers), as well as communities of interest (for example, hobbyists and stakeholder 

groups) and  scientific disciplines, or epistemic cultures (Knorr-Cetina, 2001).  Within both popular and 

scholarly discourse, phrases such as “prison culture” and “the culture of engineering” succinctly convey a 

backdrop against which a rich discussion can commence.  

Permutations/extensions to these basic definitions of cultures also might reveal useful insight in some 

circumstances:  for example, a hybrid of kinship and self-forming groups, as evident in the term settler 

culture, which refers to the perspectives and values of all those who arrived in North America subsequent 

to first contact (with the Aboriginal inhabitants).  Far from being insufficiently discriminating, this term 

functions as a convenient placeholder in decolonizing literature because it invokes the binary of 

otherness12, comprising the entirety of the worldviews that fall outside the norm of Aboriginal culture.  Its 

utility comes from its place of opposition to a norm, that, having been subjected to cultural genocide 

(MacLachlan, 2013), is being reasserted.  Characteristics of both settler and Aboriginal culture which are 

relevant to this research are discussed in greater detail in the sections that follow. 

3.1.2 Culture within Organizations 

The impact of culture on business is broadly acknowledged if not well understood.  From attention to 

                                                 
12 Critical theorists Edward Said (1979) and Gayatri Spivak (in Silverman, 1993) transformed the noun “other” into 
the verb, “othering,” to describe systematic and intentional assignment, which began in the colonial period, of non-
Europeans to a subordinate category within the natural order.  Whether cast as savages (as were the indigenous 
peoples of Africa and the Americas) or as exotic (as the peoples of Asia), the effect was to define peoples without 
regard to their values —to objectify.   Since the original introduction of the term, it has been used across disciplines 
to neatly package the suite of attitudes and assumptions that are used by the dominant or powerful in any society to 
maintain exclusivity and consolidate power.  Introduction of the term settler by post-colonial and Indigenous 
scholars is an ironic subversion of Imperialism that casts the imperial centre as the other.  As described in Chapter 2, 
imperial Europe needed to create a narrative of inferiority—the otherness attributed to non-Europeans— to justify 
the expropriation of lands and subjugation of peoples.  
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cultural practices: typically protocols and mannerisms (superficial indicators of culture), such as the style 

of greeting or exchange of business cards, a keen interest in the values that shape observable behaviours 

has evolved.  Motivation for attention to culture has also evolved from pursuit of short-term ends, such as 

winning specific contracts, to the desire to build longer-term business relationships with international 

partners.  Indeed, globalization has clearly been a significant factor in this increased attention to culture, 

for, as capital and production have become mobile, so too have talent and markets.  Today, suppliers of 

raw materials, designers, manufacturing facilities, distributors and consumers for a single product13 may 

be on different continents.  Because errors and inefficiencies are known to be the result of poor 

communication, organizations doing business globally have a pragmatic interest in ensuring that their 

communications have the same meaning when received as when sent.  Thus, the business literature 

reveals a great interest in cross-cultural communication as well as management techniques intended to 

harness the power of cultural diversity (Watson, et al., 1993; Clyne & Clyne, 1996; Ely & Thomas, 2001).  

In business, it seems that there is broad consensus that it is no longer sufficient to be competent in a single 

cultural context, and that the cultural contexts of business in the twenty-first century have become far 

more complex for Western businesses because much less is shared with the emerging economies of the 

group consisting of Brazil, Russia, India and China (the BRIC countries) and Africa and Latin America 

than with traditional trading partners in Europe.  The identification of gaps and the strengthening of bonds 

of commonality are essential to support a capitalist agenda.  

Finally, as management has come to be accepted as a science and subject for scholarly research, there has 

been much written about leadership and culture within organizations.  The corporate leader, it seems, is 

responsible for, or is at least advised to “create” or “influence,” the culture of the corporation.  

“Corporate” culture is defined as the sum of the ways things work at a particular organization:  the rules, 

values, norms and taboos that govern behaviour and expectations within a workplace.  Although some 

                                                 
13 Examples include Apple products, which are advertised as “designed in California.”  Components of Mac 
computers and iPhones are manufactured across Asia and assembled in China (Kabin, 2013).  Automobile 
manufacturer Toyota, similarly assembles cars from components, which are sourced worldwide (Toyota-Global.com 
2013).  
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authors include the topic of “belief” in their treatment of corporate culture, this may or may not be 

legitimate.  In his discussion of “communities of practice,” Wenger suggested that, indeed, communities 

comprised of those who share a skill-set and type of work, share assumptions and values (1999).   

Perhaps, not precisely “belief,” but assumptions and values, taken together, can reveal much about how 

such communities of practice view their worlds. 

The need for intercultural competence within organizations is widely discussed.  In the publications of the 

now-defunct Canadian International Development Agency (CIDA), the Government of Canada used the 

term “interculturally effective person,” or IEP.  Writing about the work world that awaits millennials, 

Amanda White, of CIDA’s Centre for Intercultural Learning, indicates that competencies associated with 

intercultural effectiveness will be critical.  She states, “…innovation skills and resilience are increasingly 

important competencies in today’s uncertain and complex environment of international work” (White, 

2010).   

Writing in The Canadian Manufacturers and Exporters Magazine, Doug McDonald reports that another 

acronym, CDD, or Cultural Due Diligence, has entered the business lexicon (2005).   

3.1.3 The Evolution of Cultures 

The processes by which cultures change have been studied extensively, initially by cultural 

anthropologists, and, in the latter half of the twentieth century, with the help of analogies borrowed from 

the life sciences.  Meyerson and Martin (1987) describe three basic models of culture and associated 

methodologies (which they call “research paradigms”) that explain the mechanisms for cultural change 

over time.  These paradigms are evident in more recent work on cultural change, particularly in the 

context of corporate culture (Martin, 1992; Deal & Kennedy, 2000).  While each paradigm approaches the 

problem in distinct ways, they concur with established anthropological theory that the main drivers of 

cultural change include:  

• Environmental changes 

• Technological developments 
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• New ideas resulting from 

• Diffusion, or 

• Acculturation 

For the most part, because these changes occur over time, the cultural shifts they trigger are theorized to 

also evolve gradually (Boyd & Richerson, 1995; Patton, 2005).  However, following Kuhn’s 1970 

introduction of the paradigm shift as a model of the evolution of scientific theory and Eldridge and 

Gould’s 1972 work on punctuated equilibrium in evolutionary biology, there has been increased attention 

from the social science and anthropology communities to processes akin to punctuated equilibrium to 

explain cultural change (Durham, 1990; Gersick, 1991).  It is unsurprising in an era of growing 

environmental awareness and profound technological change that interest has more recently turned to the 

identification of events which catalyze such punctuations or paradigm shifts.   

Weick and Quinn (1999) unite the view of anthropologists, i.e. that cultural change occurs imperceptibly 

over time, resulting from the cumulative effects of continuous micro-scale changes in organization, with 

that of the evolutionary biologists, i.e. that cultural change occurs as a consequence of singular dramatic 

events that destabilize a system (such as a culture) to the extent that its point of equilibrium is altered.  

Essayist Malcolm Gladwell borrowed from the principles of epidemiology when he popularized the 

intuitive term, “tipping point,” (2000) to refer to the destabilizing events occurring at thresholds of 

cultural shift.   

3.1.4 Intentional Culture Change 

There are numerous examples of successful programs designed to effect cultural change in the areas of 

public health and safety.  Smoking, once associated with social élan is now unacceptable in North 

America to the point that smokers are banished from almost all public places.  Almost certainly, the shift 

in values away from smoking would not have occurred without the massive and pervasive campaign of 

education and persuasion rallied by health agencies and governments (Axelrod, 1997; Brandt, 1990; 
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Stoodard, 1997).  That the shift occurred over little more than a single generation demonstrates that 

cultural values are susceptible to intentional manipulation (Rochon, 2000). 

Much of the literature documenting “how to” effect change in the values of a culture comes from 

researchers in management and health care who contend that large entities develop and reinforce their 

own “organizational” or “corporate” cultures (Burack, 1991; Hofstede, 1997).  They hold that one of the 

tasks of the successful or visionary leader is to continually shape that culture to enhance performance, to 

better achieve the organization’s goals (Atkinson, 1990).   

The professions, not just the corporations that employ them, are theorized to have distinct cultures 

(Wilensky, 1964; Moore, 1970), although Daley (2001) cautions that the influences on professional 

knowledge and practice that result from employment within large organizations need to be better 

understood.  Management theory’s current view of culture as highly plastic appears to contradict research 

that has described professional culture as monolithic and normative and strongly resistant to intentional 

cultural change.  Notwithstanding, there is call for cultural change in engineering education (Bucciarelli et 

al., 2000; Institute of Engineers Australia, 1996; Godfrey & Parker, 2010), although Godfrey and Parker 

cite a lack of agreement on the role of curriculum in creating a cultural shift (Baba & Pawlowski, 2001; 

Godfrey, 2003; Merton, et al., 2004). 

3.2 Engineering as a Professional Culture  

The profession of engineering has experienced substantial shifts in public perception over the past 

century, in portrayals from mining engineer Richard Hannay, the dashing hero of novelist (and fifteenth 

Governor General of Canada) John Buchan (2005) to Dilbert, the cube-dwelling, socially awkward 

computer engineer and dot-com era everyman (Adams, 1996).  From such portrayals in popular culture to 

the aggregate observations of social scientists, the engineering profession continues to suffer from a 
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simultaneous aura of awe and mystery and a dismissive set of assumptions about its social incompetence 

and sexism.14 

3.2.1 Population Characteristics 

The expansion of access to tertiary education in the second half of the twentieth century, along with 

pressure from the women’s movement, resulted in programs to actively promote the traditionally male-

dominated fields, such as law, medicine, and engineering to women.  In Ontario, the legal profession has 

come close to reaching gender parity (Ornstein, 2010) while the percentage of women entering medical 

school has now overtaken that of men—nationally, the average is 58% with individual schools reporting a 

range of enrollments from 47 to 70% (Macleans, 2010).  A more recent report notes that the percentage of 

women in Canadian medical schools continues to climb (now 60%) and that in another male-dominated 

field, pharmacy, 75% of students are now female (The Canadian Press, 2013).  However, the number of 

women entering Canadian engineering schools has plateaued at roughly 20% overall (Engineers Canada, 

2014) with some variation by discipline, although the University of Toronto recently became the first 

school in Canada to break the 30% barrier (University of Toronto, 2015).  The professional culture of 

engineering (particularly that experienced during the educational period) has been extensively studied 

(Davis, 1996), with the aim of understanding the reasons behind lower participation rates among women 

and particular ethnic minorities (McIlwee and Robinson, 1992; Tonso, 1996; Dryburgh, 1999; Murphy, et 

al., 2007).  Much of this work has focused on the United States, where the focus has been on 

understanding barriers to participation by Hispanics and Blacks, populations that continue to be under-

represented (Yoder, 2011).  There is no corresponding tracking from Canada, although Engineers Canada 

reports that only 0.35% of Aboriginal students in post-secondary education are enrolled in science and 

                                                 
14 In researching the nature of engineering’s professional culture, it was discovered that there is a very shallow body 
of scholarly work, and that which does exist is quite polarized.  My own interest in engineering culture began early:  
there were many engineers in my family circle (all men, of course).   After decades of professional employment in 
engineering firms, my experience of engineers and their values does not align with the literature.  As I proceed with 
my research, one of the outstanding tasks will be to reconcile my personal, i.e. experientially developed, view of the 
cultural of engineering with that presented in the literature.     
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engineering programs (2015). Statistics Canada data confirms that Aboriginal Canadians are glaringly 

absent from the profession (Ferguson, 2013).   

While Godfrey and Parker (2010) observe that it is widely assumed that there is a single culture across 

engineering disciplines, schools, and even trans-nationally, a survey of the literature found no support for 

this assumption.  Still, outside the profession, caricatures of the engineer—always a “he”— abound.  The 

engineer is an awkward nerd, who is more comfortable with a complex problem that involves differential 

equations and hundreds of lines of calculations than with social interaction.  This pre-Dilbert caricature 

was legitimized by the serious critique of the profession and its values expressed by mid-century writers 

such as Jacques Ellul, Lewis Mumford and C.P. Snow.15  Whether this imaginary scenario involved a 

slide rule or a super-computer, the perception has persisted into the twenty-first century:  the engineer is 

out-of-touch with real life and “normal” people and lacks the communication skills to get back in touch.   

3.2.2 Engineering Culture and Its Values – the Feminist Critique 

A comprehensive and serious, evidence-based characterization of the twenty first century engineer as a 

social being does not seem to exist.  A review of the literature found that the most cited studies of 

professional culture were unhelpful, since nearly all were focused primarily on the dimension of gender 

and its norms.  Dryburgh, in particular, presented an analysis that outside feminist circles would be 

considered sloppy: basing far-reaching conclusions on speculative interpretations of a very small number 

of anecdotes.  Faulkner’s critique of gender essentialism (2000, p 89)16 provides a counterpoint within 

work that thoughtfully explores the equation of masculinity with technology. 

                                                 
15 Post WW II, with the invention of the hydrogen bomb, and later when Rachel Carson wrote about the catastrophic 
impacts of chemical pesticides, unwavering faith in technology was replaced by dystopian warnings and anxiety. 
16 England (2010) describes gender essentialism as the notion that “…men and women are innately and 
fundamentally different in interests and skills.”  Richmond Hill’s announcement of its 2016 summer camp offerings 
for children: Boyz Rule Camp (with extreme sports, including roller skating, biking and skateboarding) and Girlz 
Rock Camp (advertised as “Every girl’s dream camp! Girlz Rock serves up a ton of girl-friendly fun. Campers can 
bring in photos to create an amazing scrapbook and colour their world with mini-manicure and pedicure.  There is 
also plenty of cooking and baking…” is a striking example (Strapagiel, 2016). 
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Anecdotally, female students currently enrolled in Queen’s University’s undergraduate mining 

engineering program confirmed in focus group discussions that the typical response from non-engineer 

relatives to their decision to study engineering has been delighted awe (engineering as a profession is 

perceived as “hard” and commands respect) but to their choice of discipline, they note that the response 

has most often been one of shock and puzzlement.  They report, with laughter, that the stereotypical 

image of a mining engineer as a “burly guy” is alive and well.   

Thus, much of research on engineering culture has been interpreted through the lens of gender studies.  

Early work (before 1995) describes a culture that is “masculine” and openly unwelcoming to women.  

More recent work describes women succeeding in engineering settings (school and workplace) but at the 

cost of personal authenticity.  To be accepted “as engineers,” women must adopt masculine styles of 

social interaction (Tonso, 1996; Parrot, 1998).  Parrot claims that it is problematic that women must 

identify as engineers first.  It is difficult to accept the conclusions reached in many of the studies of 

engineering culture:  Parrot does not satisfactorily demonstrate that women are expected to conform to 

any social style, nor does she explain how she concluded that they must identify as “engineers first.”  She 

identified as “masculine” a form of social interaction which might equally be described as a professional 

form of social interaction, practiced by men and women equally in contexts where participants in an 

exchange are attempting to focus on information rather than personality (Dryburgh, 1999).  Conversation 

fragments included in the studies cited are described as having a “male style,” yet what characterizes 

them is concision as well as precision.  In the speech fragments, a direct, as opposed to a tentative or 

overly polite invitational approach to action, is evident, but it could be argued that, while this is very 

much a style of expression associated with “thinking like an engineer,” it is neither masculine, nor 

feminine.  It is a style of usage that facilitates thinking and the exchange of ideas in the realms of science 

and technology.  Lack of rigour in the analysis and speculative conclusions17 point to a bias in much of 

                                                 
17 A number of the social scientists, including Dryburgh and Parrot include in their studies, scattered anecdotes about 
sexist comments.  They do not comment on the frequency or pervasiveness of such remarks, nor do they comment 
on whether there is an escalation that would legitimately be perceived as creating an uncomfortable workplace.  The 
authors argue that such remarks demonstrate the existence of a sexist culture.  I would counter that presenting single 
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the available research on engineering culture.  Yet, there is evidence of a problem.  Faulkner (2000) seeks 

to understand the enduring inequality in participation rates by women in engineering, through an 

exploration of the tension between the historical associations of both masculinity and technology with 

domination and the feminist challenge.  She suggests that three masculine/feminine binaries act to 

discourage participation in the profession by women: 

• Technology vs. people (the image of the isolated nerd vs. the engaged social actor) 

• Hard vs. soft technology (large scale industrial vs. small household) 

• Objectivist rationality vs. subjective rationality (emotionally detached thinking by men vs. 

emotionally connected holistic thinking by women) 

Faulkner contends that it is the resilience of these dualisms (and the images they conjure), as well as a 

tendency in the broader society to gender-essentialize, that reinforces the notion that engineering is 

masculine.  At the same time, recent publications concur that a gender difference is behind flat 

participation rates (Calnan & Valiquette, 2010), career dropout rates (Fouad et al., 2012) and choice of 

discipline (Myers, 2010).  Myers reports that academics and students agree that women are motivated by 

a desire to help, and that because it remains mysterious to the general public, the engineering profession 

has not typically been seen by young women as a field where they can help others.  At the same time, 

when women do choose engineering, they prefer fields like geology and bio-engineering, where they 

perceive the opportunity to positively affect the environment (Engineers Canada, 2013).   

The researcher’s own experience does not align with the findings reported above.  The researcher’s own 

experience (working for several years in engineering firms and teaching STEM (science, technology, 

engineering and mathematics) courses at both the college and university level) contradicts the claims that 

                                                 
incidents of an undesirable behaviour only tells us about an individual and is insufficient to conclude that such 
incidents are symbolic of values of the culture.   
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engineering suffers more than other professions from a pervasive and systemic sexism, with the result that 

little confidence could be placed in their other conclusions about engineering culture18.   

3.2.3 Engineering Culture and Its Values – Beyond the Feminist Critique 

Writing in 1987, Florman observed that the majority of engineering students are children of college 

graduates (p. 37).  This is indeed the case at Queen’s as documented in the most recent National Survey 

of Student Engagement (NSSE) report (Queen’s University, 2014).  According to the survey, most 

students have at least one parent who attended university and almost all are Canadian citizens.  The 

financial status of students is not directly accessible, but while 60% of incoming students received a 

Queen’s scholarship, bursary or award (Queen’s University, 2015), only 29.6% of students receive 

government assistance (OSAP).  For 2013, the Queen’s Journal reported that 44.9 per cent of new 

undergraduate students marked their family’s gross income as $125,000 or higher, compared to 24.8 per 

cent between $75,000 and $124,999 and 21.4 per cent between $0 and $74,999 (Russell, 2015).  Clearly, 

the majority of Queen’s students come from families that the Government of Canada would define as 

middle class and higher (Anderssen, 2015)19.  The prerequisites for entry into the undergraduate 

engineering program and high cut-off grades (Queen’s University, 2015)20 support a characterization of 

Queen’s engineering students as scientifically literate.  The NSSE does not investigate values, and while 

there is no research done internally at Queen’s to develop a picture of the values of engineering, some 

general observations apply: engineering students are known generally to be believers in the values of 

                                                 
18 As a software testing and document specialist I worked for many years with electrical and mechanical engineers.  
I found them to be very enthusiastic and articulate when speaking about their work.  They were eager to share their 
interests, which sometimes tended towards the “boys’ toys” end of the spectrum (F1, electronic gadgetry) but not 
exclusively so.  This experience accounts for some of my skepticism around the conclusions of feminist social 
scientists. 
19 In a 2013 report  What We Know about the Middle Class in Canada  prepared for the Deputy Minister of 
Employment and Social Development, the middle class family was defined as one whose after-tax income falls 
between 75 and150%  of the national median (for 2012, this represents an after tax income range $54,150 to 
$108,300/year).    
20 For 2015 admission, the cut-off grade was 88+ or a high school GPA of 3.5 



59 

 

"economic growth" and technological progress (Riley, 2008),21 and contemporary engineering students 

are concerned about issues related to sustainability (Carew & Mitchell, 2002) – more so than their (older) 

practicing colleagues (Brown, 2012).   

Values associated with engineering culture in the West were compiled by reviewing the literature (Tonso, 

1996; Tonso, 2006; Heywood, 2005; Leydens & Lucena, 2006; Lucena et al., 2010; Dryburgh, 1999). 

These values include:  

• Reliability  

• Economy       

• Safety  

• The potential of technology to solve the most complex problems  

• Progress and innovation 

• Curiosity and adventure 

• Teamwork 

• Competitiveness 

• Hard work   

Faulkner adds to this list “a pleasure in technology” and “pride in technical competence” (2000, p. 109), 

confirming the defining cultural values that Florman described decades earlier.  Competence is valued 

above intelligence (Schmidt, 2013). Dunne (2005) observes that engineers dislike uncertainty and are 

uncomfortable when they cannot control the behaviour of components in a system22.   

Nahar et al. (2009) created a matrix based on the “Social Values Map” developed by demographer 

Michael Adams for his massive study of the differences between Canadian and US values (Adams, 2003).  

                                                 
21 Donna Riley, of Smith College and the National Science Foundation, identified these attributes in American 
undergraduate engineers in 2008.  To my knowledge, mining engineering students have never been studied in such 
detail.  
 
22 The unpredictability of people, he suggests may be at the root of the presumption that engineers prefer machines 
to people. 

Together, these are likely to account for a 
conservative approach to risk 
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Using an adapted questionnaire and following up with semi-structured interviews to isolate and identify 

values, Nahar and his colleagues queried 54 undergraduate students and practicing engineers, and 

determined that values associated with engineering could be represented with a matrix.  As shown in 

Figure 2, Nahar conceives of engineering values as falling within two dichotomous dimensions, 

Conformity-Ideals and Authority-Autonomy.  While there is a glimmer of promise in Nahar’s conception 

of the two-way tensions, there is too little explanation of the conceptual framework represented by the 

matrix.   

 

Figure 3: North American Engineering Values Map (Nahar, et al., 2009) 

As a vehicle for illustrating the tensions within and between these dimensions, the matrix is flawed (e.g., 

each element contains unequal, multiple numbers of values, or factors) and ambiguous.   

Looking at the two columns, the values of Conformity conflict with those of Ideals (idealism?) and the 

values associated with Authority are incompatible with those associated with Autonomy. Looking from 

left to right, the matrix suggests that Conformity requires subordination to Authority, while Idealism 
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requires Autonomy.23  Nahar argues that the matrix captures an approximate sum of the cultural values 

held by engineering students, and that the matrix can be employed by engineering educators to locate 

individual students and their development along either dimension.  The framework is included here 

because it includes values and concerns that have become relevant for the engineering profession only 

recently (e.g. “humanity and social development,” “sustainable world”).  Considering Nahar’s framework 

as a first draft or work in progress, its originality argues for some leniency with respect to ambiguity.  It is 

disappointing that no further refinement of this framework has been published.    

A review of the literature did not produce any published studies of mining engineers as a distinct 

population; thus, it is acknowledged that a limitation of this thesis’ work is the lack of comprehensive and 

reliable information about undergraduate mining engineers against which to compare results of the 

investigations presented in Chapters 5 and 6.    

3.2.4 The Epistemology of Engineering – the Foundation for Engineering Culture 

As noted above, Queen’s University gathers very little relevant information about incoming students and 

to date, little is known about the cultural values of engineering students in 2015.  Research on dimensions 

of culture (such as openness, empathy, etc.) would have been helpful in designing the curriculum 

intervention studied in this thesis, and results regarding those dimensions will inform future revision and 

expansion of the curriculum.  The research presented here, as well as the research planned to be 

undertaken in the future, would be enriched by a comprehensive and authentic characterization of the 

current culture of engineering at Queen’s.  Accordingly, in addition to approaching this culture from a 

social perspective, studies that approached engineering through an exploration of its epistemology were 

sought.   

                                                 
23 Nahar’s labels for the four quadrants (Profession, Eng, Social, Society) are not explained and do not contribute to 
a deeper understanding of the model.    
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A 2009 study of engineering students’ beliefs about knowledge (King & Magun-Jackson) offers a useful 

description of the two dominant methodologies employed to investigate the ways students think about the 

knowledge they rely on.   

Pre-dating Mezirow’s theory of Transformative Learning by some twenty years, Perry was the first to 

attempt to model the ways in which the cognitive and affective domains interact to scaffold 

transformative learning over the course of college education (1970, cited in King and Magun-Jackson).  

Perry sought to explore shifts in students’ beliefs about knowledge that resulted from college learning 

experiences and how these shifts might in turn alter cognitive processes.  He mapped epistemology across 

four dimensions:  

• Dualism, in which knowledge is based on a single answer provided by an authority 

• Multiplicity, in which knowledge is based on differing opinions, 

• Relativism, in which knowledge is dependent on a given scenario, and  

• Commitment, which Perry describes indicating that knowledge is based on known information. 

In the late 1970s Perry found that engineering students scored lower than other students on the dualism 

and multiplicity dimensions.  King and Magun-Jackson cite several studies that have confirmed Perry’s 

findings: for example, engineering students have been found to be more likely than others to believe that 

knowledge is certain (Jehng, 1993, cited in King and Magun-Jackson).  A criticism of Perry’s framework 

is that the potential for interaction among the four dimensions is not explicitly addressed, and this fact 

lessens its utility for investigating the development of the suite of attitudes and skills associated with 

intercultural competence. 

The second methodology, the Schommer Framework, conceives of epistemology as having four 2-part 

dimensions, as shown in Figure 3, which together, capture the way in which an individual relates to 

knowledge (King & Magun-Jackson, 2009).   
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Dimension 
Description of Beliefs 

Naïve Sophisticated 

Structure Knowledge is simple, 
consisting of isolated pieces 
of information that are 
clearly understood. 

Knowledge is complex, 
consisting of pieces of 
information that are related 
and dependent on the other. 

Certainty Knowledge is certain, 
absolute, and not changing. 

Knowledge is continuously 
evolving 

Control Knowledge is innate and set 
or fixed. 

Knowledge is incremental 
and can increase or improve 

Speed Knowledge is quickly 
obtained. 

Knowledge is obtained by a 
gradual process. 

Figure 4: The Schommer Framework  

Schommer’s contribution to the understanding of how knowledge and values relate resides in her 

contention that beliefs about knowledge need not mature simultaneously, i.e. that beliefs in one dimension 

may be quite sophisticated, while those in another can be naïve.   

For example, considering the Structure of knowledge dimension, Schommer’s continuum ranges from 

naïve to sophisticated.  This continuum is mirrored in the ICE model of learning assessment (Fostaty-

Young & Wilson, 2006) which conceives of three stages of learning, beginning with unconnected Ideas 

(facts), progressing to Connections (principles and patterns respecting interactions and dependencies 

among facts) and Extensions (ability to adapt and synthesize and to extend principles and patterns for 

applications predictions in unfamiliar contexts).  Similarly, the movement along Schommer’s Certainty 

dimension begins with a belief that knowledge is certain and absolute, and is often received from an 

authority.  With increasing intellectual development, the student becomes less narrow about what counts 

as knowledge, and more cognizant of the fact that knowledge is expanding and subject to change, as 

Dewey (1933) and Russell (2014) theorized.  

This model of epistemology is consistent with transformative learning theory’s position that learning in 

the cognitive domain can initiate changes in the affective domain, but that the unsettling process means 

that affective changes may be incremental rather than immediate (Cranton, 2006). 
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In this thesis, the Schommer dimensions will be referred to in the context of tensions between disciplinary 

knowledge and the development of a more relative and flexible view of knowledge (a feature of 

intercultural competence).   

3.3 Educating Mining Engineers – Theories of Adult Learning  

Because this thesis takes a curriculum approach—equipping young engineers to practice with greater 

appreciation for alternative worldviews—the theoretical foundation of the work rests implicitly upon 

theories of knowledge, and explicitly upon the domains of education, critical theory and communication.   

The sections that follow survey recent work on the mining engineering curriculum, and introduce learning 

theories that inform the research presented in the thesis: Transformative Learning (Mezirow, 1991), 

Communities of Practice (Lave and Wenger, 1991), the Developmental Model of Intercultural 

Competence (Bennett, 1993)24, Cultural Intelligence (Ang & Van Dyne, 2008), and Threshold Concepts 

(Meyer and Land, 2003), which was employed in the analysis of focus group data.  

3.3.1 Drivers of Curriculum Change 

The engineer of the twenty first century has a much more complex and nuanced job than her twentieth 

century predecessor (Clift, 1998; Vest, 2006).  The skills traditionally taught in engineering schools have 

not diminished in importance or utility, but as has been shown here, are no longer adequate for practice in 

a world that is simultaneously more globalized and more fragmented.   

For mining engineers, the legacy mistrust and frustrated self-determination felt by communities (now 

empowered by social media and an evolving global conception of business ethos), where tensions caused 

by structural inequity can escalate into violence or be exploited by external interest groups for their own 

ends, can doom a project.  Increasingly, extractive projects are accompanied by the very real risks of loss 

on all sides and no one winning.  Yet, managed well, mining operations can bring lasting value 

(including, on their own, culturally defined terms) to communities that may have few economic options 

                                                 
24 Note that the Developmental Model of Intercultural Competence and Cultural Intelligence model both 
communication and learning. 
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(Evans, 2013).  It is against this delicate and volatile background that tomorrow’s mining engineer must 

practice her profession.   

Socio-political considerations are thus, as important as technical factors in determining the viability of 

extractive projects (their ability to guarantee an acceptable return on investment to stakeholders).   

3.3.2 The Mining Engineering Curriculum  

In recent years, interest has grown in effecting revisions to the undergraduate mining curriculum to 

address industry’s changing risk climate.  Published research cites a need to educate “… global citizens 

who are politically, culturally, and socially aware” (Costa & Scoble, 2006), to show recognition of  

“increasingly more diverse and complex responsibilities” (Scoble & Laurence, 2008), and to answer calls 

from industry that mining education go “beyond learning the hard sciences directly related to engineering 

to encompass the soft areas related to people, ethics in society, and the environment reflecting the 

complexity of the environment in which decisions now have to be made,” and “being able to work and 

communicate effectively across discipline boundaries” (Hagan, et al., 2012). 

None of the research surveyed mentions “culture,” or acquisition of skills associated with intercultural 

competence, although, in describing the philosophy of the Sustainability Working Group (SWG) at the 

Norman B. Keevil Institute of Mining Engineering at the University of British Columbia, Costa and 

Scoble (2006, p. 8) state that,  “The intention is to respond to current challenges, such as community 

participation in mining, sustainable development, capacity building, environmental impacts, risk 

communication, the concerns of Aboriginal peoples, land access, conflict and poverty alleviation, among 

others” (p 371).  Costa and Scoble note that the SWG’s focus is on graduate and continuing education.  

They do not elaborate NBK’s undergraduate sustainability course.  

Lind and Andrews (2007) describe a project of Mining Education Australia (MEA), a collaborative 

curriculum development consortium that includes University of New South Wales, University of 

Queensland and Curtin University of Technology, which developed a framework of graduate attributes 

for a problem-based learning approach to the undergraduate curriculum.  For each, desired competence 
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level is identified using the indicators: Knowledge, Skill, Awareness, Behaviour.  Additionally, the level 

of criticality ascribed to the attribute is given.  Among the proposed graduate attributes is “Understand 

sustainability & cultural diversity, international issues” (Lind & Andrews, 2007, p 82).  However, from 

options that included “critical,” “basic,” “important,” and “valued,” this attribute is described in non-

committal terms as “value-added.” 

3.3.3 Transformative Learning Theory 

Transformative learning is a theory of adult learning that models the process by which a “mind-set or 

worldview of orienting assumptions and expectations involving values, beliefs, and concepts” is 

permanently altered (transformed), making “frames of reference more inclusive, discriminating, open, 

reflective, and emotionally able to change” (Mezirow, in Dirkx et al., 2006, p. 124).  Contexts in which 

this type of learning is encouraged include higher education, conflict resolution, community, social 

action, and intercultural learning.      

To identify transformative learning opportunities within the undergraduate mining curriculum, it is worth 

briefly reviewing Bloom’s 1956 taxonomy of learning objectives, which remains foundational within 

education and educational psychology.  Bloom places types of learning in three domains: cognitive, 

psychomotor and affective (Glisczinski, 2007).  The cognitive domain, where almost all of the explicit 

learning objectives in engineering (such as abstract reasoning) reside, comprises learning about 

knowledge and its use.  Learning objectives from the psychomotor domain, which describes the 

coordinated development of mental and physical control to create skills, range from the rudimentary 

ability to grasp a crayon to create legible symbols on a page, to the ability of elite athletes to use their 

bodies to perform elaborate feats, are almost exclusively employed by coaches, clinical instructors in the 

health disciplines and teachers in all of the performing arts.  The affective domain, which involves 

emotion and interpersonal relating, provides learning objectives that shape much of the primary education 

process (for example, readiness to learn as evidenced by paying attention is the most basic objective) but 

which continue to be important in post-secondary and professional education contexts (the mid-level 
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affective objective of valuing, is seen in the promotion of lifelong learning).  Objectives progress in all 

three domains, from those that require only superficial learning (an example from the cognitive domain is 

the memorization of facts) to those which require deeper, more integrative and extensible learning (an 

example from the cognitive domain is evaluation of an approach or proposal).    

The theory of transformative learning provides an alternative model for understanding both processes and 

implications of attainment of the highest order (deepest) objectives within the affective domain.  

Specifically, Mezirow posits that the process of transformation involves emotional, intuitive, symbolic 

“imaginistic” and/or contemplative modes of learning (in Dirkx et al., 2006).  For the purpose of 

assessment, this domain of learning and its processes are acknowledged to pose problems for the 

researcher, but Mezirow responds that, although most of the process of transformative learning occurs 

within the affective domain (outside of the learner’ awareness), learning can be accessed and consolidated 

if it is brought into the learner’s awareness.  In the following list, Mezirow presents elements of 

awareness that are indicative of reflection upon epistemic assumptions and amenable to observation: 

1. recognition that an alternative way of understanding may provide new insights into a problem;  

2. context awareness of the sources, nature, and consequences of an established belief; 

3. critical reflection of the established belief ’s supporting epistemic assumptions; 

4. validating a new belief by 

a. an empirical test of the truth of its claims, when feasible, or 

b. a broad-based, continuing, discursive assessment of its justification to arrive at a tentative 

best judgment; 

5. anxiety over the consequences of taking transformative action; and 

6. taking reflective action25 on the validated belief (Dirkx et al., 2006, p 124). 

                                                 
25 The learner elects to take different actions than he/she would have before the transformation.  Reflective action 
means that the learner is aware that his/her knowledge has expanded and that this has led to a re-evaluation of 
assumptions and their influence.  Taking reflective action is the final step in transformative learning, in which the 
learner intentionally acts according to transformed beliefs and values. Dewey (1933) said that reflective action 
requires “…active, persistent, and careful consideration of any belief or supposed form of knowledge in the light of 
the grounds that support it and the further conclusions to which it leads” (p. 9).  
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The focus group questions used in Chapter 6 of this thesis were developed from the survey results 

presented in Chapter 5 of this thesis, and sought to identify the presence of any of these indicators.    

While the objectives of transformative learning reside in the affective domain, the route to desired 

affective outcomes need not involve learning activities that would be recognized as engaging the affective 

domain—indeed, Cranton (2006) presents a number of examples in which adult learners experienced a 

life-changing transformation as a consequence of learning in what might have been thought to be 

unremarkable, even “objective,” subject areas.  Mezirow emphasizes that, even though transformative 

impacts occur in the affective domain, the process necessarily involves the cognitive or rational process of 

critically assessing one’s epistemic assumptions, as their limitations come into awareness—it is 

fundamentally an active learning process not facilitated by aspirations or motivations (Dirkx et al. 2006, 

p. 133).   

Belenky and Stanton (2000) conceive of transformative learning as a discursive process, effectively an 

internal dialogue through which the learner develops capacity for reflection and critical thinking about the 

unquestioned assumptions that have girded his or her relationship to the world.   

3.3.3.1 The Disconnection of Transformative Learning Theory  

Proponents of transformative learning theory have tended to avoid the important topics of assessment and 

evaluation (Mezirow, 2000; Cranton, 2006).  Cranton is conservative in her discussion of learning 

outcomes, expressing the view that while transformative learning can be promoted and supported26, a 

classically rigorous approach to curriculum design, i.e. the alignment of objectives, learning activities, 

and outcome assessment, may not adequately account for effects of student psychology on the 

transformative learning process.  Indeed, it is a criticism of the transformative learning model, that so-

called extrarational27 outcomes are not formally assessed (Kucukaydin & Cranton, 2013).  The debate 

                                                 
26 The structure of unit aligns with the transformative teaching framework that Slavich and Zimbardo (2012) argue 
creates conditions maximally conducive reflection, re-evaluation and re-orientation.    
27 That is, outside the cognitive domain.  Such outcomes include feelings and attitudes, which in turn, influence, 
often at an unconscious level, cognitive decision making.     
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over assessment is particularly lively within health science education, where (as in the science, 

technology, engineering and mathematics [STEM] fields), the tradition of empirical research dominates, 

but in which the transformative learning model has been widely adopted28.  A small number of studies 

emanating from the health sciences have attempted to reconcile this qualitative model of learning with 

demands for quantitative assessment (Kember et al., 2000; Wittitch et al., 2010), to verify that the 

intended transformation has occurred.  The survey approaches documented in these studies share the 

weakness of other quantitative approaches, however, in that in the end, they do not provide the educator 

any information about where students had difficulty, or what facets of their curriculum were provocative 

of reflection leading to an expanded outlook.  Psychosocial factors, including previous experience, which 

influence either transformative learning or resistance, elude examination by questionnaire.   

Furthermore, because susceptibility to transformative learning opportunities is strongly determined by 

these psychosocial factors outside the educator’s control (Taylor, 2007; Mälkki, 2010), it must be 

assumed that some students will not experience any deep change in their perspective, and that for others, 

the reflexive questioning of tacit assumptions theorized as prerequisite to a transformation may only occur 

at a later date.29  It must be emphasized that, in the research conducted for this thesis, it was not the intent 

                                                 
28This conflict can be appreciated if we consider the rise of the “patient-centred” treatment model. The attention 
given to relationship-building as a professional skill for students in the health sciences is not dissimilar to the 
argument advanced here for mining engineers.  The “patient-centred” model expresses the recognition of the 
therapeutic value of partnership between patient and professional, but equipping allied health students with skills to 
form such partnerships requires emphasis on communication skills but also the development of empathy.  It is not 
difficult to see that confirming or accurately measuring empathy poses a significant challenge.  Many schools, for 
example, McMaster University’s School of Health Sciences, require students to regularly submit “reflection papers” 
in which they are given the task of reporting on their feelings in response to situations encountered in their clinical 
placements.  Assignments serve to scaffold the transformative learning process by providing explicit instructions, 
such as  

• Describe your reaction and feelings when this happened  
• Why do you consider this worthy of reflection? 
• What did you learn about yourself (values, attitudes, knowledge, skills, strengths or challenges)? 
• Did you identify a learning need?(McMaster University, 2015)  

Clearly, these instructions encourage students to critique their own pre-conceptions, but it is not at all clear that 
responses to these questions could confirm that they have made progress in the desired direction. 
29 Cranton opines that the cultural assumptions of some students may be resistant to re-evaluation.  Assumptions and 
cultural norms may be so deeply embedded in their worldview and experiences that to challenge these assumptions 
may cause psychological discomfort that slows the process of reflection and re-framing or may result in the student 
becoming entrenched in a familiar norm. 
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to evaluate immediate learning outcomes from the curriculum intervention with respect to values around 

social responsibility, but to examine the momentum that the approach may create for the undergraduate 

mining program’s curriculum trajectory. 

 Mezirow advises that the contexts where promoting transformative learning is most appropriate are those 

where problems involve reasoning about complex and highly contextual collections of information.  The 

curriculum in mining engineering provides many opportunities for educators to include cases that 

illustrate the ways in culturally determined worldviews or frames of reference lead to divergent attitudes, 

for example, examination of case studies or the inclusion of the Kairos Blanket exercise in the fourth year 

sustainability class.  Facilitation of critical engagement with such cases can lead students deeper into to 

epistemic reflection and adoption of the inclusive and accepting frames of reference, which are also 

indicators of intercultural competence.   

Transformative learning theory is used to guide design of curriculum, as investigated in Chapters 5 and 6, 

intended to facilitate perspective changes similar to that sought for mining graduates.  Hence the 

transformative learning model informed the interpretation of results and analysis of student perception of 

cultural difference. 

3.3.4 Situated Learning – Communities of Practice 

Situated learning theory fits within the constructivist paradigm, which holds that learning occurs as a 

result of the learner constructing new, increasingly sophisticated models of reality, to align with their 

observations and experience of the world.  This model is particularly suited to the characterization of 

professional learning, as noted by Eraut, “Professional knowledge cannot be characterized in a manner 

that is independent of how it is learned and how it is used” (1994, p. 19). 

The objectives of professional education share the quality that they are not open to negotiation. For most 

professions, learning outcomes are defined and prescribed by an accrediting body (usually composed of 

experienced and respected practitioners).  While individual schools or instructors may enrich the learning 

experience they provide with opportunities for students to acquire additional knowledge and skills, the 
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defining outcome of any professional program of education is the production of a “professional”— e.g. a 

doctor, a nurse, or an engineer. 

Socialization into the engineering profession requires learning to work in a team and learning to identify 

with other members of the profession (Strauss, 1963, p. 8).  Trice (1993) and Dryburgh (1999) concur that 

a significant element in professional training is socialization into the profession— internalizing its 

cultural norms, its ideologies and practices.  Indeed, some have argued that it is the development of an 

“identity” that characterizes successful engineering education (Walker, 2001; Stevens et al., 2008; 

Seymour & Hewitt, 1997).  

This process of socialization into a profession is modeled by situated learning theory (Lave & Wenger, 

1991), which holds that learning is situated in communities of practice: social groupings that are held 

together, formally or loosely around an enterprise—an activity that is engaged in by group members—

rather than a mere interest.  Such enterprises may reside in realms of recreation (clubs) or occupation 

(trades, professions).  Significantly, the communities of practice model views learning as an integrated 

cognitive-social process involving the acquisition of skill and, in coming to identify with the group, a new 

cultural identity.  The education of young mining engineers, situated within the community of engineers 

at the Queen’s Faculty of Engineering and Applied Science, can thus be seen as both a social and 

cognitive process.  

As a part of the research presented in this thesis, the social dimensions of disciplinary learning in mining 

engineering are identified and examined.  In the longer term, this will inform creation of curricular 

opportunities to provoke student reflection on their epistemic assumptions.  Lave and Wenger describe 

the process of enculturation into a profession through “authentic activity”—the use of professional tools 

in context.  They acknowledge the powerful influence of a profession’s cultural norms on its novices.  

The training of a young engineer has traditionally been about “becoming an engineer,” as much as about 

acquiring the skills and knowledge required for practice (Tonso, 1996).  This intuitive sense that is shared 

by engineering faculty and students alike underlines the importance of sensitivity to cultural norms of the 
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profession, which must be considered in the design of any curriculum intervention that intends to support 

critical reflection and lead to transformative learning.   

3.3.5 Threshold Concept Theory 

As described in 4.6.6, Meyer and Land’s Threshold Concept (TC) Theory was selected as an analysis 

framework for the focus group data.  The theory, introduced in 2003 to support tertiary education30, posits 

that for every discipline, there are critical concepts that function as gateways or portals to new levels of 

understanding.  Threshold concept theory could be understood as a critical path tool for curriculum. 

By definition, threshold concepts are not merely difficult—they are transformative, in that once mastered, 

a learner’s understanding of the discipline is irreversibly altered, such that his/her thought and reasoning 

becomes more sophisticated and integrative.    

The theory has been applied to the conceptualization of learning across higher education.  For example, in 

describing the utility of threshold concepts for teaching economics, Davies and Mangan write:  

Thinking and practising like an economist requires using the big ideas in the discipline (which we 

have identified as the threshold discipline concepts) to frame and organise the way we see 

problems and possible solutions, and the adoption of a modelling approach that operationalises 

the way we set about analysing the situation. (2007) 

“Like an economist” might be replaced by “like an engineer,” “like a doctor,” or “like a” professional in 

any other discipline.    

3.3.5.1 Characteristics of Threshold Concepts 

Meyer and Land offer a general set of characteristics associated with threshold concepts31.  They contend 

that a potential threshold concept must be 

                                                 
30 The Enhancing Teaching and Learning Environments in Undergraduate Courses project involved multiple 
universities across the United Kingdom. Its aims were to develop conceptual frameworks for the improvement of 
learning at the tertiary level across a variety disciplines. (Entwhistle, 2003).     
31 Since 2003, additional characteristics have been proposed, but for this research, potential threshold concepts were 
measured against these original five.    
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• Transformative – the learner’s perspective is shifted so that their understanding of a subject or 

sub-topic is changed.  The threshold concept itself may reside in the cognitive domain, but it may 

result in affective transformation. 

• Probably irreversible – having passed through the TC portal, the learner has difficulty 

comprehending the subject (or the world) as he/she did previously.  Meyer and Land offer the 

example of experts, who are unable to comprehend the struggles of the novice.  

• Integrative – mastery of a threshold concept serves to connect dots, revealing the big picture or 

the interconnectedness of concepts whose relationship to one another had previously been outside 

the learner’s awareness and understood in isolation.  Meyer and Land (2003, p 4) explicitly point 

out that communities of practice have distinct ways of thinking about concepts within their 

disciplines, such that a particular concept may qualify as a threshold concept for the community, 

but not for others.    

• Often (not always) bounded – Meyer and Land suggest that this characteristic often identifies 

threshold concepts that mark disciplinary boundaries.   

• Potentially (usually) troublesome, i.e. difficult to integrate into existing conceptual models.  

Meyer and Land defer to Perkins’ (1999) taxonomy of troublesome knowledge, adding a few 

suggestions of their own: 

o Ritual knowledge has “a routine and meaningless character” (Perkins, p.8) and while 

students may with varying degrees of difficulty grasp the facts and mechanical uses of 

ritual knowledge, they may fail to comprehend underlying meanings 

o Inert knowledge comprises knowledge that once acquired is seldom used, and hence is 

more challenging to integrate into a cognitive framework.  Without integration, inert 

knowledge can only function as discrete pieces of trivia. 

o Conceptually difficult knowledge comprises those concepts that are inherently hard to 

learn.  They exist in all disciplines but predominate in mathematics and the sciences, 
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possibly because underlying principles and laws initially appear to contradict lived 

experience or intuitive expectations. 

o Alien knowledge comes from a perspective that conflicts with the student’s own 

perspective.  An example is the introduction of new models when students progress from 

secondary to tertiary education—having spent years developing a perspective based on 

classical relativity and quantum physics, grasping string theory is made more difficult. 

o Tacit knowledge, according to Meyer and Land, captures a number of characteristics that 

render knowledge difficult to master.  Perkins originally included among troublesome 

concepts, those which are complex, seemingly paradoxical, or which involve subtle 

distinctions (they offer those of weight and mass as an example). 

o Troublesome language – Meyer and Land cite Wenger in their acknowledgement that 

disciplinary discourses “…represent (and simultaneously privilege) particular 

understandings and ways of seeing and thinking. Such discourses distinguish individual 

communities of practice and are necessarily less familiar to new entrants to such 

discursive communities or those peripheral to them…” (p. 11) 

Threshold concepts are not the same as “core” concepts, those that may be important and difficult to 

master, but which lack the power to integrate and transform the learner’s overall perspective on his/her 

discipline and role within it.  Male and Bennett (2015), emphasize this distinction, explicitly arguing that 

a threshold concept must not only be epistemologically transformative, but must also be ontologically 

transformative.  

For educators within professional schools then, the threshold concept functions as a heuristic that might 

be employed to manage limited resources in an increasingly dense and varied curriculum, through 

identification of concepts critical to student development as professionals.  By identifying the thresholds 

and guiding students towards thinking like an engineer through learning activities that that unlock the 

door, the engineering educator can focus scarce resources on critical learning.  
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3.3.5.2 Identifying Threshold Concepts 

Because threshold concepts are theorized to be discipline-specific rather than related to the individual 

learner, they are identified through an examination of data capturing the experiences (difficulties) of 

many learners.  For example, research from the field of economics, has identified opportunity cost as a 

threshold concept (Davies & Mangan, 2007), while for biology, the concepts of reproductive success and 

randomness are threshold concepts that must be understood in order for a learner to progress towards 

expert comprehension of genetics and evolution (Taylor, 2006).   

Much of the work to-date on the identification of general threshold concepts within engineering has been 

performed by Caroline Baillie and her colleagues (Baillie & Johnson, 2008; O’Shea & Baillie, 2011; 

Kabo et al., 2010; Quinlan et al., 2012), although Male and Bennett (2015) point out that there has been a 

steady interest in the identification of threshold concepts within science and technology subject areas 

(Boustedt et al., 2007; Scheja & Pettersson, 2010; Knight et al., 2014).  Referring to these as 

epistemological threshold concepts, Male and Bennett observe that considerably less attention has been 

paid to the identification of thresholds that open the door to ontological transformation.  

A few papers, however, have sought to identify threshold concepts through an examination of values that 

might be associated with engineering ethics and responsible practice.  Baillie (Kabo & Baillie, 2009; 

Vandersteen & Baillie, 2009; Schneider, 2010; Baillie & Armstrong, 2013) has long argued that social 

justice should be considered a threshold concept within engineering, while Levintova and Mueller (2015) 

suggest that sustainability is an interdisciplinary threshold concept.  There has been interest as well in 

identifying concepts that might be considered components of or contributors to such grand concepts as 

social justice and sustainability.  Kabo and Baillie (cited in Trevelyan et al, 2012) identified trusteeship,32 

a critical view of development, as a threshold concept for social justice and within the larger field of 

sustainability, while Sandri (2013) identified systems thinking as threshold concept for sustainability. 

                                                 
32 Responding to the increasing numbers of the world’s population living in zones of conflict and privation William 
Bain proposed the concept of “trusteeship” as a critical value for the reduction of suffering (2003).   Similar to the 
concept of noblesse-oblige, Bain conceived of trusteeship as a relationship in which the more capable in society are 
responsible for the well-being of those less capable.  . 
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The Threshold Concepts framework is particularly suited to the objectives of this research for the 

following reasons: 

• Thresholds have been described by numerous researchers, as “portals” to a “transformed” 

understanding.  The “liminal space,” before the threshold, in which the student must reconcile the 

new concept with prior frameworks in order to integrate it into a transformed perspective is 

described as a place of struggle and discomfort (Land et al., 2014).  Thus, the framework 

explicitly links the content of education within a discipline to the student’s experience of 

learning.  Threshold concepts can thus be seen as closely related to, or perhaps as components of, 

the experience of a dilemma that precedes transformative learning described by Mezirow33.   

• Threshold concepts theory was developed specifically for practical application in higher 

education.  Unlike educational theories that are oriented towards mere description of the student 

experience, threshold concepts theory is oriented towards acquisition of disciplinary knowledge 

and practical skill.  As noted in Chapter 3, university educators are not educational psychologists, 

and the array of psycho-social factors that may affect an individual student’s experience of 

learning is neither accessible nor logistically possible to manage (for the purpose of optimally 

tailoring the curriculum) in the engineering school setting.  

• Threshold concepts’ direct and efficient approach makes it an appealing tool for education 

research in disciplines (natural sciences, economics, and engineering) in which rigor, 

quantification and procedure, are valued.   

• Rather than characterizing individual student experience, TC provides a means of identifying the 

“troublesome” concepts inherent within the discipline, enabling educators to focus teaching effort 

on those topics and concepts that pose the greatest difficulty for their students.  

                                                 
33 Indeed, TC’s notion of the intellectual discomfort of the portal or liminal space aligns with Dewey’s (1910) 
observation that reevaluation of beliefs and accepted knowledge requires reflective thinking that is likely to be 
painful. 
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3.3.5.3 Scope and Limitations for Threshold Concept Theory 

It is important to note that as a general theory, threshold concepts theory does not prescribe curriculum 

interventions or teaching strategies to address concepts identified as troublesome.  Implicit in TC, is the 

recognition that disciplines are communities of practice, and that effective strategies for overcoming 

obstacles will be distinctive and discipline-specific, reflecting both the culture and values of each 

discipline.  

The objective of all learning theories, of course, is to more accurately model the learning process for the 

purpose of informing the design of effective learning opportunities.  Threshold Concepts theory’s 

advantage is its orientation towards discipline rather than pedagogy.  Like the tool designed for the 

weekend hobbyist, Threshold Concepts theory enables the discipline specialist to productively engage in 

the task without heavy investment in learning theory34.    

In the research presented in this thesis, threshold concepts are associated with cognitive structures that 

impede the development of intercultural competence.  

As described in Chapter 4, through an analysis of focus group data, the intention was to begin to 

deconstruct the puzzles and ambiguities that emerged in the analysis of the survey data, employing TC to 

identify candidate threshold concepts that might guide the future development of curriculum to support 

development of intercultural competence among undergraduate students of mining engineering.   

3.4 Critical Theories  

Critical theories conceptualize inequity by deconstructing the mechanisms by which the dominant 

elements in a society consolidate and maintain power.  The critical theories employed in this research 

                                                 
34 The theory aligns with the analogy presented in Chapter 1, in which it was suggested that social risk is a function 
of cognitive frameworks of imperialism, which impede resolve and ability to undo the inequities of the past.  These 
frameworks were conceived as fastenings so old and rusted that their undoing is confounded by the difficulty of 
identifying and applying the appropriate tool.  Using the TC framework to examine focus group data is analogous to 
the application of household cleaner CLR® to a rusted fastening—the solvent reveals the fastening (the threshold 
concept) so that the correct tool (curriculum intervention) can be used to undo it, without prescribing a particular 
tool.    
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provide lenses that reveal the sources of oppression and privilege that contribute to social risk around 

mining projects.      

3.4.1 Theories of Decolonization 

Many of the sites where conflict related to mining occurs have a colonial history.  There are few places in 

the world that have not experienced European imperialism, and although the trajectories have differed, the 

commonalities in respect of negative impacts upon indigenous economies, cultures and ways of life led to 

the development of Post-colonial theory.  Post-colonial theory is a critical theory concerned with the 

examination of cultural legacies of the colonial project and their effects upon peoples within nations that 

have a colonial past.  It interrogates the mechanisms by which cultural imperialism was (and continues to 

be) effected and the ways in which these mechanisms influence both the colonized and the colonizer.  

Variants of post-colonial theory are distinguished by their foci, which may be on geography (as in 

“Orientalism”), social hierarchy (as in “Subaltern studies”) or epistemology (as in “Decolonization”).  

Colonization is defined by Waziyatawin and Yellow Bird (2005) as “…both the formal and informal 

methods (behaviours, ideologies, institutions, policies, and economies) that maintain the subjugation or 

exploitation of Indigenous Peoples, lands and resources”.  It is this critical-theoretic definition of 

colonization (or colonialism) that is relevant to the work presented here.  

In order to model the openness to alternative worldviews promoted in this research, a short introduction to 

decolonization or decolonizing theory, is included among the critical theories explored here.   

Decolonization is an activist theory that seeks to “undo” colonization— to re-establish the dignity and 

legitimacy of Indigenous epistemologies through the interrogation of settler colonialism (i.e. the form of 

imperialism experienced in North America and Australia, in which the colonizer comes to stay, 

significantly, eventually far outnumbering the original population).  Supporting the active task of 

decolonizing is the development of a research corpus that provides a self-defining alternative to 

“Western” scholarship, which is perceived as complicit in oppression of indigenous peoples (Smith, 1999, 

p. 56).     
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Battiste (2004) connects the concerns of decolonizing and postcolonial critics to Foucault’s focus on 

modes of power with her argument that the disciplinary knowledge expressed in the discourse of the 

professions further institutionalizes hegemony of the colonizing culture.  Speaking specifically of 

scientific knowledge, Harding (1992) and Luke (2005) explore the implications of imperialism on 

approaches to environmental knowledge.  Decolonizing theorists argue that the public education system is 

instrumental in promoting the world-view of the dominant group in a society—in Canada, that of the 

settler—including empiricism, individualism, and capitalism (Canagarajah, 1999).  Democratizing 

disciplinary discourse by including broader epistemic perspectives is the solution sought by decolonizing 

critics, but such a project would be highly problematic, if not impossible, within an accredited 

engineering program.   

Notwithstanding the goal of the research to encourage attitudes of openness to broader perspectives, 

decolonization theory demands that the non-Indigenous population recognize their complicity in a 

fundamentally unethical project that is maintained through the formal and informal influences of 

educational and political structures.  It is a dominant theme within modern Indigenous scholarship and 

looks to a radical reconfiguration of settled places.  In its activism and criticality of western thought, 

decolonizing theory clearly is antithetical to a robust extractive sector of the conventional capitalist 

variety but, because it invigorates Indigenous politics and cultural practices, it is a view that all those 

involved in this sector disregard at their peril.   

In Canada and other post-colonial jurisdictions that are home to extractive sector operations, the impacts 

of colonization reverberate in conflict around mining.  Notwithstanding improvements to community 

relations practices and benefits sharing, industry has not pursued a deeper understanding of these impacts, 

leaving their resolution to governments and other agencies.  Although this allocation of responsibilities 

has been accepted as appropriate and reasonable (Norton Rose Fulbright, 2013; Saskatchewan Ministry of 

the Environment, 2012; Government of Ontario, 2012), it has the effect of leaving a major source of 

conflict to simmer (Hudek, 2014).  Decolonizing theory is thus included here to illustrate the theoretical 
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counter-weight to this thesis research:  to present the argumentative thread that resistance to mining 

operations is not growing within a vacuum of ignorance or misunderstanding of the industry, but rather, at 

least in part, because of a determined and compelling philosophy that is growing in influence, fueled by 

feelings of frustration felt by the cultural communities who continue to be oppressed in the post-colonial 

era, and by an awakening to global issues of social justice within academia.   

The curriculum intervention implemented as part of this thesis research did not introduce students to any 

critical theories, and the work described here does not fulfill the objectives of decolonizing theory.  But 

because the de facto superiority of the western epistemological paradigm rests on the avoidance of 

questioning the criteria by which knowledge is validated, specifically: empiricism, objectivity, and 

universality, the critical reflexive approach to disciplinary education that is expressed in the intervention 

described here has potential to increase awareness in young practitioners of the assumptions embedded 

within their worldview.   

The role for the decolonizing lens within this research is limited to providing further insight into the 

chasm between worldviews that interact when a mine is proposed, and to how curriculum is presented. 35  

In particular, the potential of the curriculum intervention to contribute to the project of Reconciliation will 

be considered through this lens. 

3.4.2 Power - Knowledge 

In her introduction to post-colonial theory, Leela Ghandi comments that modern colonialism perpetrates a 

unique violence through the creation of “enduring hierarchies of subjects and knowledges—the colonizer 

and the colonized, the Occidental and the Oriental, the civilized and the primitive, the scientific and the 

superstitious, the developing and the developed” (1998, p. 15).  Said (1993), Trask (1999), and Battiste 

                                                 
35 Because feminist scholarship has alerted educators to the existence of gender and racial bias in curricula at North 
American engineering schools (Lewis et al., 1998; Bucciarelli et al, 2000), we can predict that turning a 
decolonizing lens on the engineering curriculum at Queen’s might reveal assumptions that disadvantage Aboriginal 
students.  Such an undertaking would presumably be led by the Director of the Aboriginal Access to Engineering, 
with the participation of departments. Godfrey and Parker (2010) point out that most institutions respond by adding 
“culturally appropriate” to design constraints, but the existence of alternate epistemologies is generally avoided.    
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(2004) also confront the differential legitimacy granted to knowledges.  Battiste notes that Indigenous 

knowledge is often cast as inferior because it is local and its performative oral tradition does not meet the 

“standard” of publication.  Publication (in journals edited by scholars invested in the dominant tradition), 

thus acts as a filter to de-legitimize knowledge that has not been produced by or owned by the dominant 

group.  As both Cajete (1994) and Piquemal (2003) argue, for the same reason, oral cultures are also 

denigrated as illiterate cultures, a pejorative label that ensures their place in the social and political 

hierarchy.  Casting the epistemologies of other cultures as inferior has been called epistemic injustice by 

philosopher Miranda Fricker (2007).  Fricker contends that while the political and social injustice felt by 

non-dominant groups in a larger society is recognized, there is as yet insufficient comprehension of the 

ethical implications of failing to recognize their knowledge, and in particular the role of this failure in 

reinforcing those systemic injustices.   

The influence of Michel Foucault’s mid-twentieth century critique of the concept of a single authoritative 

knowledge can be seen in these later theories.  Foucault argued that perspective, rather than truth, 

determines what constitutes knowledge, while power determines whose perspective is legitimate.  

Foucault’s fascination with the machinery of state domination took social critique along a new path, 

rejecting, Mirchandani says, “… the idea of knowledge and truth and language as neutral, and instead 

argues that knowledge is always connected to power…” (2005, p.91).  Foucault’s work provides a lens 

through which the impacts of economic neoliberalism upon non-dominant groups can be better 

understood. 

3.4.2.1 Power/Knowledge – Foucault and the Role of Discourse 

Foucault (1980) rejected the accepted contemporary understanding of the ways in which power is 

exercised in modern society, arguing that power is subtly reinforced through control of discourse.  His 

conceptualization of the interplay between power and knowledge36 offers an alternative path towards 

                                                 
36 As stated here, Foucault’s work has had such influence that everything presented here is now in the public 
domain.  It is not well known in the realm of engineering, so only a single primary source is referenced. 
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understanding the relationships among stakeholders in extractive sector projects.  It is also key to re-

imagining a role for the stakeholder/actor about whom this thesis is concerned – the socially and 

culturally competent mining engineer.    

Foucault produced a body of ground-breaking work during the period from1960, when his first major 

book, Madness and Civilization, was published, until his death in 1984.  While the study of Foucault has 

waned, this is not because his contribution has fallen from influence, but rather because his work 

catalyzed a paradigm shift in many fields from linguistics, to critical theory to philosophy and political 

economy.  Foucault’s work is canonical—it is impossible to imagine conducting any type of constructive 

critical analysis of a social structure without referring to it. 

Trained in psychology, as well as having experienced institutionalization for mental illness himself, 

Foucault’s earliest work, an exploration of the historical treatment of madness by the French medical 

establishment, led him to consider the interplay of knowledge (as owned first by, priests, and later, 

physicians) and power (as exercised by the Church, the medical community, the family, the institutions of 

the state, which see their role as “defenders of community standards”).  This research perspective was so 

novel that, when it first appeared in Madness and Civilization, it provided an entirely new lens through 

which to examine a variety of social phenomena.  His conclusions regarding the linkage between power 

and knowledge relied upon an initial rejection of the way in which language had been conceived.  In his 

quest to explain the symbiotic relationship between knowledge and power, Foucault recognized that the 

concept of language (by which knowledge is constructed, expressed and shared), was too narrow and 

restrictive, rendering it inadequate to enable a deep exploration of how verbal communication is used to 

reinforce social structures.  

To capture the additional, previously ignored, qualities embedded within language, Foucault borrowed the 

term discourse from linguistics, redefining it, to encompass: 

• Vocabulary 

• Rules  
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• Social practices 

Foucault’s innovative re-definition of discourse effectively combines vocabulary, syntax, semantics, 

class/cultural norms, and etiquette into a single meta-concept.  To appreciate the power offered by 

Foucault’s innovation, an engineer might consider as an analogy, the introduction of the “record” data 

type into procedural computer programing languages in the late 1970s (Wirth, 1976)37 and the 

exponential expansion of power this provided for the solution of problems involving large data sets, 

multiple item attributes, and multiple problem states.  Far from being unwieldy then, the introduction of 

discourse as a tool for capturing multiple facets hidden behind a single utterance or piece of writing has 

enabled social critics to examine in detail the role of language in the creation of knowledge and the 

exercise of power in a variety of social contexts. 

Foucault concluded that power does not rest primarily in the state, in the means of production or even in 

the military but in the coercive and normative force of representation.  Discourse is the heart of power: 

through it and in it, the epistemology and objectives of the dominant culture become embedded and 

reinforced.  Discourse is thus at the heart of inequality, because cultural control of the discourse is both an 

exercise of power as well as an expression of power.  Foucault observed that power is omnipresent, and 

that in the colonial encounter the worldview of the imperial power becomes the accepted view, de-

stabilizing and marginalizing that of the original inhabitants.  Through discourse, knowledge and values 

are controlled, and for Foucault, controlling the worldview is the most potent source of power.  This 

concern is echoed in Mezirow’s charge that post-secondary education can be mere instrumental learning 

in which “…cultural canon, socioeconomic structures, ideologies, and beliefs about self often conspire to 

foster conformity and impede development of a sense of responsible agency” (2000, p. 8). 

Lave and Wenger have shown that the period of education imposes both external (desire for group 

belonging) and internal (desire to possess an identity) pressure upon the student to engage in professional 

                                                 
37 Sebesta and Mukharjee (2002) state that the COBOL language was the first to include the composite record data 
type.  
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discourse through the acquisition of disciplinary knowledge and adoption of disciplinary values—the 

power that is embodied in this knowledge is thereby both communicated and reinforced (1991).  Reid and 

Ng (1999) explain the relationship between language and power in greater detail: as well as reflecting and 

creating power, they argue that language depoliticizes and “routinizes” power (p. 121).  The imposition of 

the language of dominance, they argue, reinforces the relationship of dominance, making inequality seem 

natural, beyond question, and thus, the fact that language, including the language of science, is laden with 

cultural values is very difficult for members of the dominant group to comprehend.  

Post-colonial, de-colonizing and Foucauldian discourse theories share a rejection of knowledge that 

claims universality and objectivity in favour of that which is individually-experienced, fluctuating, and 

tentative.  Application of these critical lenses to the artifacts of discourse can reveal 1) the vectors by 

which the dominant (capitalist, colonial) ideology, including its theory of knowledge is transmitted and 2) 

the means by which this ideology avoids interrogation to become entrenched.  In particular, Foucault 

offers a framework for evaluating the interrogative potential and predicting the effectiveness of a 

curriculum intervention intended to support the transformative learning that is a necessary step in the 

development of intercultural competence.  Given that all professions have discourses, the obstacles 

implied by the power-knowledge dynamic for the development of cultural competence concurrently 

with—indeed, within—the education that confers professional status must be identified, because these 

obstacles contribute to the cognitive frameworks of imperialism.  In this thesis research, critical theory 

will guide investigation of focus group transcripts. 

3.4.3 Local or Traditional Ecological Knowledge Theories 

Traditional knowledge theories explicitly challenge the primacy of Western Scientific Knowledge 

(Iaccarino, 2003) suggesting that the relational and non-linear worldview expressed by holistic and 

intuitive traditional knowledge systems, such as those preserved within many Indigenous oral traditions, 

are equally valid and possess equivalent capacity for representing what can be known about a place.  As 

Berkes et al. (2000) point out, it should not be assumed that knowledge is held exclusively by peoples 
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who are recognized as “indigenous,” but rather should be understood to refer to knowledge about the 

symbiotic relationships of organisms in a particular place, which is preserved and passed from generation 

to generation through the oral tradition.  The cultural communities affected by extractive operations are as 

likely to be peasant farmers as indigenous, and they too, have unique knowledge of the land developed 

over several generations.     

Without attaching social critique, such holistic theories compliment Foucault’s power-knowledge with 

their argument that the positivist knowledge tradition is not superior, but as Nakashima and Roué 

describe, differently constructed (as cited in Mazzocchi, 2006).  Local ecological knowledge theorists 

argue that place-based unique and precious knowledge is the inalienable cultural heritage of land-based 

peoples, for whom such knowledge forms part of their cultural identity and integrity (Mazzocchi, 2006).  

Thus, it is easy to see why the concurrent rush by multinational pharmaceutical companies to patent 

traditional herbal remedies and dismissal of traditional local knowledge by proponents of large industrial 

and infrastructure projects is perceived by many as a reincarnated colonialism that threatens the cultural 

(and economic) survival of many communities. 

There is a growing view that the environment and humankind would benefit if greater attention were 

given to holistic knowledges (United Nations, 1992; Berkes et al., 2000).  In the context of geological and 

mining engineering, the traditional environmental knowledge (TEK) of First Nations living near a 

potential mine site, could be seen as having value complementary to established scientific research 

methods, because, as Nakashima and Roué argue, its local specificity can confirm data trends or alert 

planners to anomalies observed over time, and most significantly, can enrich information collected using 

scientific approaches with ecosystem (integrated) observations (as cited in Mazzocchi, 2006).  In 1999, 

Nadasy confirmed a broad expansion of interest in the question of how best to integrate TEK in formal 

land use planning, especially as it relates to natural resource exploitation, but noted that the discussion 

was largely aspirational, as he had not found any reports of application.  In the years since, however, there 

has been a determined effort to integrate TEK into both permitting and planning, and examples from the 
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extractive sector are plentiful.  The Ekati Diamond Mine Project (BHP Billiton, 2006), the proposed 

NICO Mine in the Northwest Territories (Mackenzie Valley Review Board, 2009), the proposed Jackpine 

Expansion (Fort McKay First Nation,  2008) and the Joslyn North Mine (Fort McKay First Nation, 2008), 

both within the traditional territories of the Fort McKay First Nation (FMFN) in the Athabasca  region of 

northern Alberta, are just a few examples of projects that have been required to demonstrate consideration 

of TEK as part of the approval process. 

For the purposes of this thesis research, theories of local or traditional knowledge capture the cultural 

“otherness” that engineering students must come to understand and interact with as they develop cultural 

competence. 

3.4.4 Two-eyed Seeing 

Indigenous scholars also share this interest in conceptualizing the negotiation of meaning across culture 

difference.  Two-eyed seeing is a theoretical framework proposed by Mi’kmaw Elders Albert and 

Murdena Marshall as a means of bridging the divide between Western and traditional knowledge (Martin, 

2012).  Two-eyed seeing might be described as an “adaptive” or “collaborative” theory, in that it 

conceptualizes the co-construction of knowledge: “…a way in which diverse perspectives might work 

together…” (Martin, 2012, p. 22), rather than on de-construction of privileged knowledge.  It maintains 

activist objectives, but offers a restorative perspective on knowledge. 

While not directly informing this research, Two-eyed Seeing is included here because it illustrates an 

Aboriginal perspective on its central question, and because of its resemblance to Bakhtin’s Dialogism.  

Marshall et al. suggest that the theory can be best understood by imagining: 

…two versions of knowing (Western and Indigenous) as two people sitting around a campfire 

sharing knowledge, suspending judgments and opinions and simply listening to what the other 

has to say (cited in Martin, 2012, p. 36). 

Two-eyed Seeing is described as analogous to binocular vision, in which the brain constructs a three-

dimensional model of reality using the two monocular (distinct) inputs from left and right eye (Martin, 

2012).  The process by which this analogy is enacted is reflexivity, i.e. the process of iteratively 
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questioning one’s assumptions, beliefs, and motives (Tomasello & Rakoczy, 2003), against new input.   

Two-Eyed Seeing thus proposes that competing knowledges be negotiated through an iterative process of 

test-assess-verify.  It is interesting that both Two-eyed-seeing and Dialogism approach knowledge and its 

construction without either a deadline for resolution or even a requirement for disputed perspectives to be 

resolved.  The implied value or legitimacy of specific viewpoints disappears in these frameworks for 

knowledge-making, offering a fresh opportunity to build a transformed and more complete model of the 

world, one that is respectful of the perspectives brought by those whose culture has given them different 

worldviews.   

3.5 Communication Theories 

A number of classification systems characterize communication styles, and the assumptions that underlie 

them (Morsing & Schulz, 2006; Krauss & Morrcella, 2006; Tufte & Mefalopulos, 2009).  All contrast 

traditional transmission or monologic paradigms and those that are dialogic, or participatory.  In recent 

years, the inadequacies of monologic approaches have become apparent, especially for communication of 

environmental risk (Plough & Krimsky, 1987; Fiorino, 1990; Tufte & Mefalopulos, 2009), yet truly 

dialogic models have not been adopted, notwithstanding the rising importance of “stakeholder 

engagement” for businesses (Morsing & Schultz, 2006).   

As documented in Chapter 2, conflict around extractive projects often begins with communication 

failure—as Triandis (2000) observes, the likelihood of failure increases with cultural difference.  Since 

communication styles and language systems are both cultural products and the means by which culture is 

transmitted, it is informative to consider the role of communication in bridging cultural distances.  

Dialogic and intercultural theories of communication contribute to the theoretical framework for the 

research presented here.  
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3.5.1 Dialogic Theories of Communication 

With the paradigm shift in the field of linguistics38 at the start of the 20th century, new communication 

theories explored the gaps in understanding that must be bridged through language (Rorty, 1967).  The 

dialogue theory proposed by Russian linguist and literary critic Mikhail Bakhtin (1981) inspires this 

thesis’ approach towards curriculum intervention.  Beginning with a powerful analogy that emerges from 

a process that can be instinctively grasped, Dialogue Theory, or Dialogism, offers a non-threatening 

framework for conceptualizing relationships between cultures.  Although they are concerned with 

different characteristics and applications, the major philosophers of dialogue (Bakhtin, 1981; Buber, 

1970; Gadamer, 1980; Friere, 1985) share the conviction that dialogue’s defining quality is connection, or 

relationship.  

As Mazzocchi notes, “Dialogue can become a tool for social cohabitation, as well as for discovering and 

enhancing knowledge” (2006, p. 466).  Specifically, dialogue theory provides a tool for conceptualizing a 

knowledge state in which incompatible or contradictory conceptions are held to be true simultaneously.  

As the process of dialogue unfolds, these conceptions evolve: influencing each other by turns, creating 

distinct new understandings which comprise layers of meaning, perhaps a merged and comprehensive 

understanding, or perhaps a transformed and entirely unrecognizable understanding.   

The dialogic model described by Bakhtin supports the development of a non-reductionist and inclusive 

view of diverse knowledges that will be useful for the culturally competent engineer.  Because it avoids 

de-valuing Western scientific views of knowledge during the formative period of engineering education, 

in which students adopt the culture of the profession, Bakhtin’s dialogic model lends itself to the 

construction of a flexible knowledge framework that has the capacity to accommodate the evolving 

understanding of perspectives, which is needed to conceptualize and incorporate cultural constraints (e.g. 

those related to stakeholders) in engineering practice. 

                                                 
38 Rorty termed this evolution, the Linguistic Turn.  The term refers to the period of change in which a coalescing of 
developments in philosophy, linguistics and literary criticism led to the study of language evolving from one focused 
on a system of structures to one focused on meaning, or a system of symbols. 
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Bakhtin’s dialogism provides the theoretical foundation for considering competing worldviews in a 

manner that is conducive to the building of respect, trust, and strong relationships.  If we are to prepare 

young engineers to be culturally aware and effective communicators in the field, their training will have 

to enable them to concurrently internalize disciplinary knowledge while appreciating that all knowledge is 

a function of epistemological viewpoint.  Although the concept of dialogue is now  ubiquitous in 

government and industry discourse, Bakhtin’s use is specific: dialogue is conceived of as both process 

and perspective— a space is created for conceptions that have no correspondence across cultures, so that 

as meaning is collaboratively made and remade in a dialectic exchange, mutual understanding (or, as 

Bakhtin would contend, truth) emerges.  Dialogism allows for acceptance of the simultaneous legitimacy 

of opposing views, suggesting that it is that a truth eventually emerges.  Furthermore, dialogism can be 

taken a step further beyond simply allowing opposing views, to enable modeling mutually exclusive 

knowledges, leading to a resolution through the dialogical process, i.e. a shared understanding of 

culturally contentious concepts.  Bakhtin’s notion that truth is a composite of many truths is useful for 

considering knowledge and our unquestioned privileging of scientific over other forms of knowledge 

(such as traditional ecological knowledge).  Dialogism offers an effective framework for developing 

strategies for mediating between perspectives.  It may be possible to employ this framework for 

responding to challenges to one’s own worldview in a way that is non-threatening but which may still be 

a catalyst for transformation.  Dialogism posits that various contradictory positions can be all be true and 

that a more complete truth requires that these be assimilated into a new, more nuanced and complete 

truth.  Bakhtin is relevant today because in an increasingly complex society, the work of many 

professions, particularly that of the mining engineer, requires collaboration and negotiation of 

understanding with those having different disciplinary and cultural perspectives.  Dialogism offers a 

constructive, collaborative approach to negotiating difference.  Martin Buber noted that dialogue is not 

prevented by unequal power between participants, but if authentic dialogue occurs, the outcome will 

necessarily be a transformed relationship (of equals).  He conceived of distance between persons (which 
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can be described as a recognition and acceptance of otherness) as a necessary precondition to the 

development of an authentic relationship (2003).  In Buber’s view, dialogue’s authenticity is a function 

not of speaking, or being heard, but of the intention of coming to understand the other and his/her 

experience (2003).  Put another way, the ontological space between beings may be treated as mere 

distance— an impediment to relationship, or it may be treated as opportunity for relationship.  Through 

dialogue comes respect and with relationship, the opportunity to become partners.  

3.5.2 Cultural Communication Models  

From the engineering education literature, the term global competence, has been proposed to capture the 

skill set essential to twenty first century engineers (Lohmann, et al., 2006; Vest, 2006; Parkinson, 2009).  

Without listing specific skills, Downey et al. (2006), describe global competence as the measure of an 

engineer’s ability to work with colleagues who “define problems differently.”  This measure is inadequate 

to capture the requirement for mining engineers to work with stakeholders, who may not share team goals 

or who may oppose them altogether.  A related concept, cultural sensitivity, for which assorted 

instruments have been developed to facilitate measurement, has been widely advocated across all 

professions, particularly those in healthcare and education, but the late twentieth century also saw a 

growing trend for engineering managers also to be required to complete “cultural sensitivity training.”  As 

noted in the introduction to this chapter, globalization of the economy and the movement of industrial 

production away from Europe and North America, as well as greater cultural diversity within the 

professional workforce account for the attention given by corporations to cultural sensitivity; however, 

the cultural sensitivity approach is also inadequate to address the unique challenges faced by resource 

industries, since: 

1. Typically such training focuses on the practices of a specific cultural community rather than to 

the more general concern of cultural differences and how they are met 

2. Cultural sensitivity training is typically informative rather than transformative—and, most 

importantly, 
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3. It is not linked to professional practice, in particular, to engineering practice.    

Two models dominate the literature:  the Developmental Model of Intercultural Sensitivity (DMIS), or 

Intercultural Competence model and the Cultural Intelligence model. 

3.5.2.1 The Developmental Model of Intercultural Sensitivity 

Moving beyond cultural sensitivity’s non-judgmental awareness and acceptance of difference, the DMIS, 

introduced by Bennett in 1993, is concerned with attitudes to cultural difference, hence the focus on inter-

cultural, or understanding between cultures.  Attitudes that correlate with intercultural competence and 

which find expression in observable behaviours include: 

• awareness that all perspectives are a function of culture  

• respect for diversity 

• appreciation of difference 

• comfort within one’s own culture 

• self-reflection, and  

• avoidance of the rush to judge motivations behind the behaviours of others.   

Cultural competence requires communication skills that allow the appreciation and negotiation of 

difference through dialogue.  

As shown in Figure 5, the DMIS categorizes developmental stages for intercultural competence, in which 

subjects become progressively more capable of interacting effectively in the context of culturally different 

perspectives.   
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Figure 5: The Developmental Stages of Intercultural Competence  
(adapted from Hammer, 2012) 

The stages of development move through: 

• Denial: lack of awareness or denial of deep cultural difference.  

• Polarization: a problematized view that is characterized by seeing the world as “us” and “them.”  

• Minimization: tends to mark a willing stage, where the focus is on superficial commonalities and 

shared values, along with a failure to appreciate the depth and significance of deeper, culturally-

determined values. 

• Acceptance: the recognition and appreciation of both patterns of cultural difference as well as 

shared values and perspectives. 

• Adaptation: being able to shift cultural perspective and change behaviours in ways that are both 

culturally appropriate and respectful, as well as authentic (Hammer, 2012).   

Effective interaction with people from different cultural groups then, comprises appreciation of 

difference, respect for difference, and willingness and effort to work to constructively respond to needs 

related to cultural differences—in a nutshell, intercultural competence implies respect in action.  The 

Time, Effort, 
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DMIS model aligns with the transformative nature of educational experiences designed to support the 

development of student ability to appreciate cultural perspectives and to address them appropriately. 

Associated with the DMIS is The Intercultural Development Inventory (IDI), a 50 element questionnaire 

that queries the degree to which a respondent is willing/able to incorporate the views of other cultures into 

his or her own thinking (Hammer et al., 2003).  The IDI is appropriate for characterizing student 

improvements in capacity to accept different cultural perspectives.  Participants access the instrument 

through a unique link sent via email.  While the instrument itself is straightforward and quick to complete, 

the mandatory follow-up with the researcher (in the form of a telephone conversation reviewing their 

individual results and suggestions for personalized strategies to improve their intercultural competence) 

requires commitment on the part of the participant.      

It was the researcher’s intention to validate focus group findings with IDI results from at least half of the 

participants.  When this aspect of the project was explained and the request for volunteers made, the 

initial response from focus group participants was one of interest.  However, when the requirement of 

speaking one-on-one with the researcher about personal results was recognized, student interest 

evaporated.  Whether the issue was one of time or a perception that the discussion would be too intimate, 

volunteers could not be found.  In the future, it is this researcher’s intent to employ this instrument to 

query more directly the degree to which mining engineering students are willing/able to incorporate 

alternative cultural views into their engineering thinking.  It is worth pointing out that institutions that 

have the authority to compel participation, can employ the IDI on a population-basis to identify baselines 

and population characteristics.  This points to the IDI having potential utility as a tool for curriculum 

development and validation in the future. 

3.5.2.2 Cultural Intelligence 

Ang and Van Dyne’s (2008) Cultural Intelligence (CQ) model has gained wide acceptance in the business 

community, perhaps because of its focus on strategy and outcomes.  Unlike the DMIS, which seeks to 

model and support the development of a deep and resilient capacity for relating across culture, the CQ 
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model is aimed at immediate and measureable results.  The direct results-oriented focus explains the 

preference of the U.S. defence sector for this model (U.S. Army, 2006). 

Cultural intelligence research sought to understand the phenomena of a) individuals functioning at a high 

level of social competence within their own cultural milieu and failing to function effectively in other 

cultures, and b) success in unfamiliar cultural setting by individuals, viewed as less socially skilled in 

their own cultural context (Early & Ang, 2003).  The CQ framework and its vocabulary (criteria, etc.) fit 

neatly into the theory of multiple intelligences introduced by Gardner (1985)39 and is informed by seminal 

work in the area of social and emotional intelligence.  Ang & Van Dang (2015) theorize cultural 

intelligence as comprising four factors: 

• Metacognitive CQ: the capacity to understand and acquire cultural knowledge 

• Cognitive CQ: general knowledge and knowledge structures about culture (i.e. the content of 

traditional cultural sensitivity training). Essentially, this facet is a measure of the individual’s 

ability to “read” or decode social information in an intercultural situation 

• Motivational CQ: willingness of individual to expend energy to learn to be effective in 

intercultural situations 

• Behavioural CQ: ability of individual to respond appropriately and effectively in intercultural 

situations 

While CQ has been widely touted as a critical skill for business leaders (Ang & Ng, 2005; Brislin et al., 

2006; Ang & Inkpen, 2008; Chen et al., 2012), its framework was not adopted for this research because of 

its preoccupation with strategy (achievement of stated outcomes).  Engineers are already quite adept at 

making pragmatic decisions (optimization is a subject of study within the mining program), and it is the 

pragmatic, results-oriented approach to dialogue with people from other cultures that contributes to 

                                                 
39 Responding to growing criticism of the Stanford-Binet intelligence test and its biases, Gardner had suggested that 
every individual has 7- 9 intelligences (for example, linguistic, musical, kinaesthetic) or capacities.  Ironically, 
proponents of CQ employ a measurement scale that is similar to the original intelligence quotient (IQ). Gardner’s 
work contributed both legitimacy and a framework for conceptualizing abilities outside the cognitive domain, 
leading the way for the development of theories including CQ.   
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relationship dysfunction.  The premise of CQ theory is achievement of unilaterally determined goals (i.e. 

by the party belonging to the dominant culture) in intercultural contexts—hence, the theory is 

fundamentally mono-cultural.  

It must be restated that intercultural competence is only a proxy for the transformation of worldview that 

this research seeks to better understand and support.  The IDI does not address questions of differential 

power and the scholarly literature surrounding the DMIS fails to confront the (glaring) issue of 

asymmetric power between cultures whether it be in the post-colonial or professional-lay contexts.  

Insight into the meaning of this omission for intercultural contexts encountered in mining must be sought 

in the application of critical theories, which provide lenses through which social phenomena can be 

examined.  Their application reveals gaps in the way engineering students view the world and are able to 

offer insight into the modes of thinking that become entrenched and hegemonic.    

3.6 Obstacles to Effecting Cultural Change through Curriculum 

Even with the most progressive curriculum and motivated, open-minded students, addressing cultural 

change within the undergraduate engineering curriculum faces obstacles: 

• Entrenched (cultural) attitudes within a privileged profession (National Academy of Engineering, 

2004) 

• The tensions that underlie the perennial problem of inclusion of so-called “soft-skills” in the 

engineering curriculum. (Berggren et al., 2003, Maillardet, in Baillie & Moore, 2003).  

• The crowded curriculum (Florman, 1987, p. 172; Boyle, 1999; McDivitt, 2002) 

• Current research on the need for critical thinking skills (Claris & Riley, 2012) 

• The continuing debate around identification of and inclusion of appropriate liberal arts for 

professional engineers40 

                                                 
40 Heywood (2005) writes that when, in 1973, he attempted to bring perspectives from social sciences, economics 
and humanities into his engineering courses, he observed that students were accustomed to working in the context of 
discrete disciplines, and uncomfortable with studies that required them to integrate perspectives.  Reflecting later, in 
2003, he noted that while problems continue to grow more complex, interdisciplinarity remains elusive.   He 
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• The uniquely multi-disciplinary domain of mining engineering (Florman, 1987, p. 179- 84)  

• Faculty assumptions about curriculum change and what it requires from them (Clarke et al., 2004)  

• The tendency of disciplines to become autonomous (Ertas et al., 2003)  

• The overwhelmed academic – larger class sizes, less time for research, stiffer competition for 

research funding and curriculum innovation’s negligible impact on career progress  (Huntzinger 

et. al., 2007)  

• Political pressures experienced at every institution to maintain consistency across programs 

(Godfrey, 2003) 

Social psychologist John Berry once observed “until alternative approaches, focusing on other research 

topics and theories, and rooted in other cultures, have been formulated…, psychology will unfortunately 

remain a western, ethnocentric, and incomplete science” (1992, p. 10).  He might have been writing about 

the education of mining engineers. 

 

                                                 
suggests that the most significant impediment is engineering education’s historical and ongoing struggle to find 
balance between academic knowledge and industry practice.   
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: Research Design 

As the preceding chapters have outlined, this thesis develops a theoretically grounded framework to guide 

and support continuing curriculum enhancement and evaluates particular outcomes of curriculum 

interventions that have been effected within the Robert M. Buchan Mining Department’s undergraduate 

program in mining engineering.  This chapter describes the curriculum interventions and the research 

methods employed to examine learning outcomes.  

4.1 Objectives 

As discussed in Chapter 3, professional education and research into its best practices, frequently aspire to 

trans-disciplinarity.41  Because professionals must be able to integrate subject-area knowledge with 

“ways of thinking”—the specific, procedural thought patterns or problem solving strategies required by 

their field (Meyer & Land, 2003), professional education is designed to re-orient student perspective from 

lay/novice to professional.  This is explicitly acknowledged in medical and engineering education 

(Crawley et al., 2007; Baillie, et al., 2011), where the professional ways of thinking are distinct and 

performative.  Since professionals must also be equipped to practice in a real-world context, appropriate 

and effective education must be informed by current research respecting both the subject (or practice) 

area and educational psychology, and the evolving contexts for their practice. 

The research in this thesis acknowledges evolving contexts for the practice of mining engineering.  It 

explicitly argues that the education of mining engineers must occur at the nexus of several disciplines.    

Accordingly, the theoretical framework for gaining a deeper understanding of student experience of 

learning, and for supporting a reconceptualization of the curriculum to enhance that experience, must 

                                                 
41 Much of the scholarly discussion about professional education involving more than a single discipline comes from 
medicine and medical education.  In higher education, with increased emphasis on training effective teams, the 
terms “multi-disciplinary,” “trans-disciplinary,” and “inter-disciplinary” have become ubiquitous, yet their precise 
meanings are poorly understood.  Speaking of the terms in the context of the health sciences, Choi and Pak (2006) 
distinguish them thus: “Multidisciplinarity draws on knowledge from different disciplines but stays within their 
boundaries. Interdisciplinarity analyzes, synthesizes and harmonizes links between disciplines into a coordinated 
and coherent whole. Transdisciplinarity integrates the natural, social and health sciences in a humanities context, 
and transcends their traditional boundaries.” 
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build upon research about the evolving context of the practice of mining engineering.  Specifically, the 

highly charged geopolitical and intercultural context in which mining engineers will practice demands 

that mining education not only be concerned with engineering science but also be informed by philosophy 

of science, adult and engineering education, cultural studies and sociology.    

It is argued that if the cultural values implicit in their education are modified, graduates of the Robert M. 

Buchan mining engineering program will enter professional practice with a different perspective than 

preceding cohorts.  There is potential, particularly at this unique moment in time, as a generation of 

mining engineers nears retirement, for a large population shift to catalyse what could be called a “tipping 

point” (Gladwell, 2006) in the culture of mining engineering within Canada.  Specifically, support for the 

development of skills related to inter-cultural communication as a component of the educational 

experience of a new generation of engineers has the potential to catalyse change, tipping mining’s 

disciplinary culture towards a more elastic, less hegemonic perspective on the industry’s meaning within 

a global society.  Such a change in perspective will be a useful tool for the mitigation and management of 

the persistent and growing problem of social risk: the approach to the problem of social risk via culture is 

fundamentally more respectful of the communities where mining engineers will work, and for this reason, 

is likely to be more effective. 

The broad theme explored in this thesis—the diminishment of social risk through culturally competent 

practice—is consistent with the Department’s overarching curriculum objectives, cited in its vision 

statement (2010).  Acknowledging that it not feasible within the limited timeframe of this thesis research 

to test whether planned and effected changes in curriculum will lead to a measurable diminishment of risk 

in extractive projects, given the very long lead times of such projects, the research sought answers to the 

two narrowly-scoped questions introduced in Section 1.4: 

1. Within the structure of traditional, technical, undergraduate mining engineering courses, have 

we provided educational experiences that catalyze or support the development of knowledge, 

skills and attitudes correlated with intercultural competence?   
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2. Does development of the attributes associated with intercultural competence in undergraduate 

mining engineering students alter their approach to professional practice and their conception 

of the scope (i.e. the range of responsibilities, and understanding of to whom responsibilities 

are owed) of the professional mining engineer?  In other words, is there evidence that the 

development of intercultural competence, within the engineer’s training, affects the values 

(and thus the culture, and identity) of mining engineering as perceived by students? 

Together these questions seek to evaluate curriculum effectiveness, and explore and characterize learning: 

both the experiences that promote, and the concepts that stand in the way of, the development of 

intercultural competence among undergraduate students in the Robert M. Buchan Department of Mining 

Engineering at Queen’s University.   

In designing an investigation to determine where students are currently situated with regard to the 

development of intercultural competence, the intent was to identify areas of learning that may function as 

Threshold Concepts42 (Meyer & Land, 2003), gateways to deeper understanding that students must pass 

through in order to progress (generally along the path towards expert level thinking) to the next stage of 

openness to alternative worldviews, i.e. intercultural competence.  Identification of any threshold 

concepts will inform effective revision and future enhancement of the curriculum.   

4.2 The Curriculum Interventions  

Among its accreditation criteria, Engineers Canada lists an awareness of the “impact of engineering on 

society and the environment” (2014, p. 14), with explicit instruction to educators that the curriculum must 

include coverage of sustainable development and environmental stewardship.  While the environmental 

                                                 
42 The theory of Threshold Concepts was developed as a practical tool for teachers in higher education.  It builds 
upon Perkins (1999) interest in identifying troublesome knowledge, the obstacles or sticking points that educators 
anecdotally reported as causing many of their students to “get stuck.”  Meyer and Land looked across disciplines to 
categorize the qualities of the concepts associated with stickiness.  They arrived at seven basic types of concepts that 
students struggle with.  These types are universal, but concepts are discipline specific.  For example, research from 
computing science education reports has identified recursion as a threshold concept because it was shown that unless 
this concept is internalized, students are unable to comprehend and master subsequent, more sophisticated concepts.  
This, recursion acts as a threshold.  Threshold concepts are discussed in greater detail in Chapter 5. 
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impacts of mining and mineral processing have been addressed in technical courses for several years, 

there has recently been a marked increase in the attention paid to social issues across the undergraduate 

mining curriculum in the Department.  MINE 422, the fourth year core course in Sustainability (first 

introduced in 2008 as a third year core course), covers the social impacts of mineral resource extraction 

and processing in some detail, but in addition many other core courses now also address social 

implications of various engineering decisions.   MINE 201, the introductory mining and mineral-

processing course, was selected for detailed study here because of its role within the curriculum as a 

gateway or initiation into the discipline of mining engineering.     

4.2.1 MINE 422 

The core sustainability course, MINE 422, has been delivered to eight cohorts of mining engineers at 

Queen’s since its introduction in 2008.  Currently taught in the first semester of fourth year, this course 

consolidates student learning about the environmental and social impacts that result at the various stages 

of the mine cycle.  The course is unique in its incorporation of regular seminars featuring external 

speakers who represent diverse stakeholder groups and disciplinary perspectives of the many non-

engineering professionals whose work is essential to the industry.  The course outline for the 2014 version 

of MINE 422 is included in Appendix E.  

A change in instructors for the 2015 term was accompanied by changes to the curriculum that responded 

to the research results presented here.  In its current form, MINE 422 presents sustainable development as 

a contested topic, emphasizing the diversity of culturally-determined interpretations.  With the assistance 

of the staff at the Four Directions Aboriginal Centre, MINE 422 introduces the immediate and resonant 

impacts of colonization on indigenous peoples who may be affected by extractive projects, via 

participatory learning activities. The course now addresses both stated and implied obligations under the 

Engineering Code of Ethics (Professional Engineers Ontario, 2016) respecting environmental and social 

dimensions of sustainability.   Completion of Towards Sustainable Mining (TSM) certification ensures 

that students become conversant with industry conceptions of current best practice respecting 
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sustainability.   The course now includes classroom learning activities and assignments that introduce the 

process and practice of critical engagement with course content and reflection on personal conceptions of 

professional ethics in practice. 

Topics covered in the current version of MINE 422 are: 

Week 1. Defining Sustainability and Sustainable Development 

Week 2. Sustainability, Engineering Ethics and Public Policy – What is our Role? 

Week 3. Advancing Sustainability Through Effective Communication 

Week 4. Public Law in Canada 

• The Constitution to 1982 - Divisions of Power 

• The Constitution after 1982 – The Charter and Section 35 

Week 5. Intercultural Competence  

• The Kairos Blanket Exercise 

• Aboriginal Cultural Safety Training 

Week 6. The International Legal and Regulatory Environment for the Protection of 

Human Rights 

• Industry Standards, International Covenants 

• The Evolution of Soft Law - Responses to Civil Society Expectations 

• Equator Principles and Other Financial Tools 

• Global Reporting Initiative  (GRI) 

Week 7. Environmental Law, Environmental Impacts and Climate 

Week 8. The role of minerals in a low carbon economy 

• Implications for and responsibilities of the extractive industries 

Week 9. Engaging with Communities  

• Social Assessment and Stakeholder Analysis  

• Developing an Effective Engagement Plan 

https://courses.engineering.queensu.ca/d2l/common/dialogs/quickLink/quickLink.d2l?ou=%7BorgUnitId%7D&type=coursefile&fileId=MINE+422+eaj+Lecture+6.pdf
https://courses.engineering.queensu.ca/d2l/common/dialogs/quickLink/quickLink.d2l?ou=%7BorgUnitId%7D&type=coursefile&fileId=MINE+422+eaj+Lecture+7.pdf
https://courses.engineering.queensu.ca/d2l/common/dialogs/quickLink/quickLink.d2l?ou=%7BorgUnitId%7D&type=coursefile&fileId=Doug+Macauley+on+Financial+Approaches++October+21.pdf
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Week 10. Doing Business the Canadian Way - Approaches to Responsible Mining 

• Engineers Without Borders (EWB) on Local Procurement 

• Resettlement Best Practice 

• OECD National Contact Point  

• The CSR Counsellor 

• Development Policies and Trade Commissioner Support 

Week 11. Mine Closure and Rehabilitation  

• Evolving standards 

• Cases studies  

Week 12. Looking to the Future –  

• Tara Shea of the Mining Association of Canada on Application of TSM 

• The Shell Canada Lecture in Sustainability - Mary Boyden of Goldcorp on  

Learning from Relationship, A Glimpse into the Value of Indigenous 

Knowledge 

The course outline for the 2015 version of MINE 422 (including assignments) is also included in 

Appendix E. 

4.2.2 MINE 201 

Since 2011, all students in the undergraduate mining engineering program have taken MINE 201, a term- 

length course that provides an introduction to both mining and mineral processing, with six weeks (18 one 

hour lectures) devoted to each.   

MINE 201 begins with a classically-defined intervention,43 which is designed to introduce students to the 

complex social context of mining, in which stakeholders’ views about a nearby project and its potential 

                                                 
43 The term “educational intervention” refers to a new approach to teaching, or new set of learning activities, which 
are sustained and focussed, usually consisting of at least several lessons—a unit—but not a full course or program.  
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impacts and benefits can be understood as products of culturally-derived worldviews, just as their own 

attitudes have been shaped by their own culture.  Community experience of mining is explored over two 

lectures, a tutorial, and a field trip.  Reading materials covering geographically diverse cases, consolidate 

coverage of the topic. 

In the field-trip centred unit, students gain first-hand exposure to the views of stakeholders in affected 

communities.  The field trip to the northern Ontario mining city of Timmins provides many students with 

their first experience of a mine site.  In instructor-led groups of 10-12, they visit one of the city’s mines.  

Students are assigned to site tours by the instructor.  Those assigned to Goldcorp’s Hoyle Pond site attend 

the Teaching Lodge and have a lesson from Traditional Practitioner Martin Millen, who introduces 

students to some of the teachings of Ojibwe and Cree Elders.  

It is significant that students are introduced to stakeholder concerns concurrently with their introduction to 

the technical issues that inform design decisions.  Bringing social perspectives on mining into second year 

(the first disciplinary year) emphasizes that “the social licence to operate44” is as important a 

consideration for the extractive sector as are ore price and size of deposit.  Students learn from their first 

lecture in the department that there is a diversity of viewpoints around the impacts of mining, and, more 

importantly, that whether supported by empirical evidence or not, stakeholder viewpoints are relevant 

because they can affect decisions around permitting, design and operations—thus, they cannot be 

dismissed.  As Chris Anderson, Rio Tinto’s Director of Community Relations for the Americas, 

addressing a group of international mining executives in Toronto (2015) has said, “Their perception is our 

reality.”  

                                                 
An intervention is usually intended to support student acquisition of a particular set of knowledge/skills or less often 
at the tertiary level, attitudes.  
44 The social licence to operate is an industry concept.  The language of permitting and regulations underlines its 
originating Western, legal perspective, suggesting that the goal is adequacy or sufficiency, i.e. a minimally 
functional or contractual relationship rather than a non-Western view of relationship. Hegemonic perspective aside, 
the concept has been helpful in capturing the business case for earlier substantive engagement and in advancing the 
interests of communities. 
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In this chapter the following aspects of MINE 201 are discussed: 

• Field Trip preparation  

• Field Trip experience 

• Post-field trip learning and assessment activities 

Dr. Joshua Marshall, who developed and teaches MINE 201, was kind enough to allow the course outline, 

and summaries of the introductory and professional skills lectures that comprise the unit, to be included in 

Appendix D.  The learning activities accompanying the unit introduce the concepts of knowledge, values, 

and culture in the context of mining.  The desired outcome is a transformative experience around the 

following dimensions of learning:   

1. The role of culture in shaping community values and attitudes to mining 

2. The role of culture in determining what knowledge matters 

3. The fact that students’ own beliefs about knowledge are cultural 

4.3  Types of Data and Selection of Data Analysis Methods 

The research methodology45 had to be consistent not only with the critical cultural perspective described 

in Chapter 3, but also with methodologies currently accepted as valid within the field of engineering 

education.  A mixed method approach consisting of survey (quantitative) and focus group research 

(qualitative) was employed. 

To contextualize the research objectives, it is important to emphasize that because transformative learning 

is concerned with effecting a persistent change in attitudes, the subject of study is the quality (i.e. depth) 

and experience of student learning, rather than the number of students who have met predetermined 

standards of achievement.  A further distinction that needs to be explicitly enunciated here is that the 

terms “quantitative” and “qualitative” derive not from research methods, but from the conception of the 

data.46  It is also fair to point out that there is some circularity here: both the type of data being sought and 

                                                 
45 That is, the combination of philosophical perspective with methods of inquiry and analysis. 
46 It is taken for granted that numerical data is “quantitative,” but textual data can easily be treated as quantitative.  
An example comes from the humanities, where concordances, that is, enumeration of words, phrases, spellings, or 
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what the researcher wants to learn from or prove by it, determine the choice of research method.  In order 

to arrive at an understanding of how this research has been conceived and decisions respecting its 

methods arrived at, it is worth briefly outlining the tensions between quantitative and qualitative methods, 

and their application in the social sciences.  

4.3.1 Quantitative Data and Methods 

Quantitative data includes not only numbers, but those response types that can be measured and described 

in comparative or “more/less” terms.  As discussed below, a philosophical perspective on knowledge 

itself accounts for a disciplinary preference for numbers.   Because this research is concerned with the 

ways in which students of mining engineering think about the knowledge of their discipline, it is germane 

to address disciplinary attitudes towards the methods employed to conduct this research.    

Quantitative (or empirical) methods have their roots in the Enlightenment and are associated with the 

philosophy of science, positivism.47   As discussed in Chapter 2, the Enlightenment refers to the period in 

European history during which the dominant belief in the authority of the Church was replaced by a belief 

in man’s own authority.  The ownership and creation of knowledge, through the application of reason 

(according to Descartes) and observation (according to Locke)48, were both significant drivers and 

outcomes of the Enlightenment.   

Writing during the French Revolution, Auguste Comte consolidated and generalized the core values of 

positivism, arguing that the scientific method of inquiry, which enabled the great leaps that had been 

made in knowledge about the natural world, could similarly facilitate the development of knowledge 

about society49.  Assumptions inherent in the positivist approach include: 

                                                 
(with modern computing power) complex rhetorical constructions are used to authenticate and date early works of 
literature. For a readable discussion of current applications, see Bolton, W. (1990).  
47 The term “Positivism” was coined by Auguste Comte to describe a philosophy of science, which holds that the 
only legitimate or authoritative knowledge is that which can be directly observed and verified, or which can be 
proven using the tools of logic and/or mathematics.  Émile Durkheim, who held the first professorship in the field of 
sociology, firmly established empirical methods in the social sciences.   
48 For a brief history of the development of the empirical tradition, see Garratt & Li (2005).  
49 Comte’s views were later reflected and consolidated in Durkheim’s establishment of the principles for the practice 
of sociology (Durkheim, 2014). 
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• Observed phenomena obey scientific principles  

• Data collection is impersonal  

• Data analysis is impartial 

• Scientific principles are discoverable and verifiable using mathematical and logic tools 

• Knowledge derived (i.e. scientific principle) is universal 

These assumptions are second nature to engineers and scientists, who ask questions of the type, “How 

long will a haul truck operate before requiring withdrawal from service for maintenance?” or “How 

effective is the company’s new safety training?”  It follows that to obtain empirical data, i.e. to employ 

quantitative methods, questions must be framed so they elicit quantitative answers.50  In engineering 

settings, this is appropriate not only because it is familiar and comfortable, but because it is practical and 

cost-effective (given the power of modern statistical techniques for extrapolating reliable conclusions 

from limited data sets), thus providing mine managers useful data about reliability.  Importantly, in 

decision scenarios, empirical results can readily be converted into graphical form to support accessible 

and persuasive argument.51  

It is not surprising that other than those working in the specialized field of engineering education, most 

engineering academics are unfamiliar with, or perhaps even sceptical of, qualitative research methods that 

lack (perhaps eschew) measurement and statistics.  Such methods typically have no utility in their fields 

of research, so this is hardly surprising.  It is slightly ironic that such misgivings about the value of 

qualitative work exemplify the clash of cultural values explored in this work.    

                                                 
50 Quantitative methods such as questionnaires are suited to allowing comparison between predetermined variables 
or to testing a hypothesis, but multiple outcomes are routinely studied, in order to identify and determine the 
strength of correlations among variables.  Notwithstanding, the essence of the quantitative approach is the practical 
necessity that possible outcomes are both predefined and limited in number with the consequence that individual 
variation cannot be captured. 
51 Social scientists make use of quantitative methods to support decision-making as well.  As part of the Social 
Impact Assessment (SIA) that is included in the Environmental Assessment of an extractive project in most 
jurisdictions, Baseline Studies capture quantitatively, demographics, the numbers and existing state of housing 
stock, human and livelihood vulnerabilities.  The numerical data captured in an SIA typically informs community 
and company negotiators in the development of undertakings respecting impacts and benefits.  
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4.3.2 Qualitative Data and Methods 

Accepting that quantitative methods are invaluable in the study of natural phenomena and within applied 

settings, their value is less clear in the study of living social phenomena, and for small populations. 

Notwithstanding the positivist stance adopted by early sociologists, who were seeking credibility as 

scientists as well as legitimacy for their field (Durkheim, 2014), the criticism that insight into social 

phenomena cannot be gained through external observation alone has driven the parallel development of 

methods to uncover the motivations (the individual experience) behind observed phenomena.  An 

exploration of individual experience is not facilitated by quantitative methods which, as described in 

Section 4.3.1, by definition limit response variation to that which can be either counted or measured.  In 

contrast, methods of data collection for qualitative study intentionally avoid directing or limiting a 

subject’s freedom to express him or herself.  Established methods include ethnography and participant 

observation (where the data produced consists of field notes written by the researcher), interviewing and 

focus groups (where the data consists of audio and/or video recordings, and possibly notes), as well as 

textual and discourse analysis (Cresswell, 2013; Somekh & Lewin, 2009). 

4.3.2.1 The Myth of Objectivity 

As Ryan and Bernard (2000) point out, the salient distinction between quantitative and qualitative 

methods is interpretation52.  The emphasis on interpretation of data contrasts sharply with the claim 

commonly made of quantitative methods, that they are “objective.”  Given, however, the fact that possible 

responses are limited to those the researcher anticipated, this assumption of objectivity invites challenge.  

The selection of questions to be asked is surely a function of researcher bias.  The potential for researcher 

bias to cause quantitative research approaches to miss significant data cannot be overstated.  

Intuitively, quantitative methods cannot offer the open-endedness required to explore individual learning 

(here, perspective development) in any depth.  Because the range of data obtained by using qualitative 

                                                 
52 In fact, some authors prefer the term interpretive over qualitative in characterizing these methods. 
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research methods is unconstrained, reproducibility of results is not a goal of qualitative research, and 

reliability is not an evaluation criterion. 

4.3.2.2 Latency 

A further consideration that invalidates reliance on quantitative methods for this study is latency.  Deep 

engagement with educational experiences that challenge assumed beliefs and values (the building blocks 

of cultural frameworks) is a developmental process that involves cognitive dialectic between the 

old/familiar and the new/destabilizing.   It requires reflection that may be difficult because the glues that 

fix beliefs and values are perceived as cognitive, but are also both emotional and cultural.  An 

intervention designed to support transformative learning is described as “disorienting” or unsettling 

(Cranton, 2006, p. 20).  Conceptually, this would seem to be a fitting analogy to the “loosening” of 

cognitive frameworks that was introduced in Chapter 1 as the subject of this research.  

To evaluate the effectiveness of current curriculum interventions on student attitudes towards the cultural 

differences they will encounter in their work as mining engineers, a study needed to be designed to 

determine whether the learning opportunities provided are producing the desired learning outcomes in 

students: 

• recognition that their own engineering view of the world is but one of many,  

• awareness of alternative views, and  

• ability to interact respectfully and constructively with other views. 

These outcomes represent the ideal—a self-reflective and sophisticated level of intercultural competence.  

Such competence is achieved via critical reflection and intentional engagement with both cognitive and 

tacit impediments.  As stated above, the study needed to gather information about impediments to 

achievement of these results.   Specifically, it needed to gather information about students’ current 

thinking about culture, engineering practice and their own interaction with the wider world.   It was 

known at the outset that the task would be difficult due to the fact that a lasting change in perspective, as 

implied by transformative learning theory, occurs in the affective domain.  Assessment of learning is 
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limited to the cognitive domain, necessarily focusing on learning outcomes prescribed by the Canadian 

Engineering Accreditation Board (CEAB), as represented within the engineering knowledge and problem 

solving skills covered in the course.  A lasting change in perspective cannot be confirmed via standard 

assessment mechanisms.  The difficulty inherent in assessing affective learning has been documented 

(Newman, 2012; Cranton, 2006).  Some of the specific and significant problems frequently associated 

with assessment of learning in the affective domain include: 

• Lack of baseline measurement for pre- and post-intervention comparison 

• The role of emotion in transformative learning, and 

• The fact that most teachers do not possess the psychotherapeutic knowledge and skill needed to 

support student navigation of deep emotions (Kasl & Elias, 2000).   

Thus, the selected method of analysis had to acknowledge and accommodate known difficulties in 

assessing transformative learning.  Geertz53 (1973, p. 5, as cited in Godfrey and Parker, 2010) observed 

that the analysis of culture is “not an experimental science in search of law but an interpretive one in 

search of meaning.”  This insight informed decisions made regarding methodology.  Recall that the 

research questions are: 

1. Can a curriculum intervention lead to improved openness to the worldviews of people from other 

cultures (particularly, of communities affected by extractive projects)?  

2. Does improved openness to cultural perspectives alter student understanding of their professional 

practice as a mining engineer? 

McMillan and Schumacher (2001) advocate the use of qualitative research methods whenever a novel 

approach is undertaken or new facets of learning are to be examined.  Indeed, many contemporary 

researchers in engineering education are concerned with the mechanisms of learning (Rugarcia et al., 

                                                 
53 Influential American anthropologist, author of the seminal text The Interpretation of Cultures, Geertz promoted 
the use of ethnographic methods to yield what has come to be called “thick” description (1973).  This is particularly 
significant in contexts where cultures outside one’s own are being studied:  Geertz acknowledged that interpretation 
of outward behaviours and rituals is complex because the cultural foundations are deeply embedded and not directly 
observable.  Hence, “thick”---meaning with as much detail as possible---description is helpful for coming to an 
interpreted understanding of what is not directly accessible.  
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2000; Leydens, et al., 2004), and favour qualitative methods over quantitative methods to obtain insight 

into the individual experience of learning.  Thus, the individual semi-structured interview predominates in 

the literature (Case & Light, 2011; Walther, et al., 2013).    

For the purpose of evaluating a transformative learning (TL) curriculum, outcomes are less important than 

the student experience of learning.   Because a truly transformed sense of dasein, or “being in the world,” 

only comes through an experience, the research task is to verify whether curriculum provokes reflection.   

Typically, the researcher seeks to learn from the student how he or she grappled with the challenges posed 

by education to a safe and familiar worldview.  How is he or she navigating the path away from the 

comfort of an unquestioned worldview? Is it unsettling his or her sense of what it means to engage in a 

constructive and fulfilling relationship with a social world?  The experience of this process is studied 

qualitatively rather than quantitatively since an understanding of individual experience is sought.   Since 

engineers are acknowledged to learn within a community of practice, it was decided that an extended 

semi-structured discussion with a small number of participants would provide the appropriate setting in 

which to gather authentic information.   

An anticipated criticism of the research design relates to the voluntary nature of participation.  It was 

expected that students choosing to volunteer would already be open to the culturally competent mode of 

thinking being fostered by the new curriculum.  It was also assumed that those students who remain 

unwilling to consider alternative worldviews, in spite of exposure to learning experiences that illustrate 

the need for alternative ways of viewing the world and strategies for incorporating such views into their 

engineering design, would be unlikely to volunteer.54   The question of why some students reject outright 

alternative perspectives is an interesting one and the answer is elusive.  Curriculum design would benefit 

from better understanding of the inflexibility of these students, in particular, through identification of 

factors differentiating students who are open to developing inter-cultural competence from those who are 

                                                 
54 The question of why some students reject outright alternative perspectives is an interesting one.  Curriculum 
design would benefit from better understanding of the inflexibility of these students, in particular, through 
identification of factors differentiating students who are open to developing inter-cultural competence from those 
who are resistant, is unfortunately outside the scope of this study.   
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resistant.  It is unfortunately outside the scope of this thesis; however, in the future, with expanded access 

to the entire undergraduate mining population and the opportunity to conduct longitudinal studies, the 

following questions might be asked:  

1. Do some students begin their studies open/closed to cultural difference?   

2. Does openness have any bearing on their choice of engineering discipline? 

3. What curriculum interventions might be effective for resistant/unwilling students?  

4.4 Methods 

Two research tools were employed:  

• Survey – a 50-item anonymous questionnaire accessed through the Moodle, and later, the D2L 

learning management systems (LMS).    

• Focus Group – students attended a focus-group (voluntarily but not anonymously) in which the 

questionnaire results were explored via a set of open-ended questions.  In particular, the focus 

groups were intended to explore the influence of intercultural competence on student 

understanding of the practice of mining engineering. 

Because the relationship-building capacity of practicing professionals cannot be directly measured 

without a longitudinal study, it was planned that the Intercultural Development Inventory (IDI) 

instrument, based on Bennett’s Intercultural Competence Model (Hammer et al, 2003), would be 

administered in order to complement survey and focus group data, possibly corroborating results.   

The IDI, which measures subject experience of other cultures, was selected as an appropriate proxy for 

conceptualizing the skills necessary for relationship building in a context of non-specific cultural 

difference.  Volunteers were sought from among the focus group participants, but in spite of stated 

willingness, no students completed the inventory.  This is, in all likelihood, a function of the crowded 

curriculum and participation fatigue on the part of those who had volunteered already, but may also relate 

to unease surrounding the feedback component of the IDI.  Failure to attract volunteers to take the IDI 

underlines an inherent problem of research involving a small population:  relying upon voluntary 
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participation in an activity that requires a significant time commitment from students who may have 

exhausted their store of participation generosity. 

The survey data is analysed in Chapter 5, while the focus group data is analysed in Chapter 6. 

4.4.1 Research Ethics 

In the fall term of 2013, students were invited to participate via a notice posted in the Moodle pages of 

MINE 201 and MINE 341.  The invitation included a link to an electronic Letter of Information (LOI), 

which detailed background and rationale of the research and highlighted the voluntary nature of 

participation and emphasized the fact that all responses would be recorded anonymously.   Clicking the 

link to the survey acted as an acknowledgement that the student had read the LOI and understood risks 

and benefits as well as the fact that participation was entirely voluntary.  A second opportunity to 

withdraw was afforded by the requirement to click a link in order to submit the survey. 

The electronic LOI also provided information on how the student could have any questions and concerns 

dealt with (directed to the investigator or the university’s Office of Research Ethics). 

By the 2014-15 academic year, the Department had determined that there was potential value (to 

academic planning) in surveying the perspectives of all incoming students, and authorized making survey 

participation mandatory.  The LOI was revised to reflect the non-voluntary nature of participation.   No 

other changes were made to the survey protocols or the LOI.  

The Approval granted by the Queen’s University General Research Ethics Board (GREB), and the LOI 

are included in Appendix A.   

4.4.1.1 Survey Privacy 

With respect to the survey, the LOI assured students that privacy would be protected.  Names were not 

retained from any participants.  Learning management system software used to create and administer the 

survey employed unique student NetIds to prevent multiple entries, but did not associate recorded 

responses with NetIds.  
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4.4.1.2 Focus Group Privacy 

With respect to participation in focus groups, students signed up giving their names and contact 

information.  The sessions were audio-recorded but not video-recorded.  Throughout the recordings, 

students frequently referred to each other by first names.  Surnames of participants did not come up in the 

discussion and thus it is extremely unlikely that any participant could be identified even by the raw data.  

Nonetheless, the transcriptions replace names with numbers.  The recordings (three .mp3 digital and one 

microcassette analog) are identified only by the principal investigator’s name and the date.  These are 

stored securely: the digital recordings have been encrypted and stored on the university’s network, while 

the analog cassette is stored in a locked cabinet in a locked office on campus.   

4.4.2 Sampling and Participation  

Research was conducted over the span of two academic years (2013-14, 2014-15).  As noted in Section 

4.4.1, survey participation was initially voluntary.  In the first data collection in the fall of 2013, survey 

volunteers were recruited from the following populations in the Robert M. Buchan Department of Mining 

at Queen’s University: 

• 70 second year students registered in class MINE 201 - Introduction to Mining and Mineral 

Processing 

• 71 third year students registered in class MINE 341- Introduction to Open Pit Mining 

For the second data collection in September 2014, survey completion was a condition of field trip 

participation.  Data was collected from a single population of: 

• 71 second year students registered in class MINE 201- Introduction to Mining and Mineral 

Processing – 65 of whom who went on the field trip and completed the survey.   

Focus group data was collected in the late fall of 2014, with volunteers recruited from the class of 80 

fourth year students registered in MINE 422 - Mining and Sustainability.  Enrolment for MINE 422 

includes students from outside the department, who take the course as an elective.   
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4.4.2.1 Identification of Datasets 

Survey data was sorted into three datasets according to by the amount of exposure participants had had to 

the curriculum interventions.   

Table 1 associates the dates of survey completion with curriculum exposure.  As shown, in Fall 2013, 

volunteers were sought from two populations, students in MINE 201 as well as students in MINE 341.  

Both populations included students who had only been exposed to classroom portions of the curriculum 

intervention, as well as a (smaller) number of students who had additionally, as part of the MINE 201 

field trip, been exposed to the experiential component of the intervention. 

Table 1: Data Collection Dates  

Collection  Class Participants Survey 
Completion 

Curriculum intervention status 
and dataset assignment 

Fall 2013 MINE 201  
 
MINE 341 

21 
 

25 

Nov 8, 2013 
 
Nov 8 2013 

Both classes had completed the 
classroom and field trip 
components of MINE 201.  
 
Participants were assigned to 
dataset Tc or Te according to 
their response to Question 1.  

Fall 2014 MINE 201 65 Sept 20, 2014 No curriculum intervention-
lectures to this date had not 
introduced cultural concerns.  
 
Field trip had not taken place.  
All participants assigned to 
dataset T0. 

 

To aid in the discussion and analysis of data, datasets and their characteristics are shown in Table 2.  Data 

collected by Queen’s University’s Faculty of Engineering and Applied Science (FEAS) indicates that 

nearly 100% of incoming students are “direct entry,” defined as no more than 2 years post-high school 

graduation (Queen’s University Senate, 2013).  Neither the survey nor the focus group gathered 

information respecting participant age or ethnicity.   
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Table 2: Population Characteristics 

Engineering Knowledge and Attitudes Survey 

 Class  Enrolment Participants Participation 
Rate 

Dataset T0 (No curriculum 
intervention) 

MINE 201 
Fall 2014 71 65 92% 

Datasets 
Tc (Classroom intervention 
only) 
Te (Classroom and 
experiential interventions) 

MINE 201 
Fall 2013 72 21 29% 

MINE 341 
Fall 2013 70 25 38% 

Focus Groups 

 MINE 422 
Fall 2014 

80 20 25% 

 

Problems attracting volunteers from MINE 201 in the first data gathering in Fall 2013, led to the decision 

to seek additional volunteers from MINE 341.  It is acknowledged that the decision to treat these 

populations as a unit complicates the discussion and decreases the level of certainty with which 

conclusions can be drawn.  Latency of transformative learning effects in combination with an extra year 

of study and developmental maturity mean that MINE 201 and MINE 341 were not equivalent, and 

should have been treated as distinct, albeit very small, populations.  It must also be emphasized that 

identification of the two intervention datasets (Tc and Te) was a function of attendance the Teaching 

Lodge, and not by their enrolment in either course.     

4.4.2.2 Gender Representation and Gender Participation 

Because students in the FEAS work in mixed gender groups, the research design did not incorporate an 

exploration of response variation by gender.  Table 3 shows the marked variation in participation by 

gender, which emerged during the analysis of the survey data.  This variation was unanticipated, and in 

the design of the survey’s questionnaire, no provision had been made for exploration of gender 

differences.  Whether participation differences might have affected survey results cannot be determined. 
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Table 3: Gender Representation and Gender Participation  

Class  Males Male 
Participation 

Females Female 
Participation 

MINE 201 
2013 

54 
 (75%) 

8  
(15%) 

18  
(25%) 

13  
(72%) 

MINE 341 
2013 

54  
(78%) 

15  
(28%) 

16  
(22%) 

10 
(63%) 

MINE 201 
2014 

63  
(89%) 

59  
(94%) 

8  
(11%) 

6  
(75%) 

MINE 422 
2014 

60 
 (75%) 

10  
(17%) 

20  
(25%) 

10  
(50%) 

From Table 3 it can be seen that male students substantially outnumber female students in all of the four 

classes that participated in the study.  Of the three classes that participated in the Engineering Knowledge 

and Attitudes survey, females accounted for only 25%, 22%, and 11% respectively.  Females accounted 

for 25% of the MINE 422 class that participated in the focus group portion of the research.  

The participation rate was calculated as a percentage of gender enrolment.  For example, in the MINE 

201 class for 2013, the enrolment was 72, comprising 54 males (75% of the total) and 18 females (25% of 

the total).  Of the 54 males in the class, 8 (15% of the males) participated, whereas 13 of 18 females (72% 

of the females) participated.   

The difference in participation rates by gender is striking.  With the exception of the MINE 201 class of 

2014, by which time participation in the survey had become a condition of “going on a field trip,” the 

survey participation rate for male students was poor, at 15% and 28%, and focus group participation by 

males from MINE 422 is similarly poor at 17%.   This contrasts with female students, who made up only 

25% of the MINE 422 class in 2014, yet had a participation rate for the focus groups of 50%. 

These differences are immediately apparent and quite stunning.  Because they were submitted 

anonymously, the surveys could not be re-examined for gender differences, but focus group data was re-

examined in a search for clues that might suggest an explanation for the variation.   These are discussed 

briefly and speculatively in Chapter 6, but an in-depth investigation of the factors that might account for 

the differences would be a worthwhile future research project.  
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4.5 The Engineering Knowledge and Attitudes Survey  

The intent of the anonymous survey was to characterize student perspectives and openness to alternative 

worldviews (i.e. those that are inconsistent with the technophile, pro-development view that is 

traditionally associated with engineering) as well as to determine their awareness of concepts related to 

alternate worldviews.  As discussed in Chapter 3, because very little is currently known about the cultural 

values of students in engineering, and mining engineering in particular, it was essential to stake out a 

practical and defensible starting point for deeper inquiry.  Accordingly, the survey had two purposes: 

1. to narrow the focus of questions to be explored in greater detail in the focus group interviews, 

and  

2. to illuminate any differences that might correlate with the experiential curriculum intervention 

and which might offer suggestions for future enhancement expansion of the field trip experience.   

Before taking the survey, students were told by the class professors that the survey sought honest opinion 

and that there were no right or wrong answers.  The fact that responses were anonymous was emphasized 

in class by Dr. Thorley, Dr. Marshall and by the investigator when she attended the classroom to 

introduce the survey and explain its purpose.   These messages were reiterated in the instructions that 

appeared when the survey was opened in the LMS. 

4.5.1 The Engineering Knowledge, Culture, and Values Questionnaire 

A questionnaire, initially including 49 Likert scale items, a single open ended text question, and a single 

multiple choice question, was developed for the survey.  Implementation of the survey ensured that 

students could not submit until each question had been answered.  In the 2013-2014 academic year, 

participation was voluntary, although Professors Thorley and Marshall encouraged their students to 

participate.  In the data gathering, a total of 48 students from the two groups completed the survey.  By 

the time of the second data gathering, in the Fall of 2014, the MINE 201 course site had been ported to 

the D2L LMS.  Professor Marshall made completion of the survey a necessary step in registering for the 

field trip.  From the class of 71 students, 65 students completed the survey, in order to go on the field trip.   
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The Engineering Knowledge, Culture, and Values questionnaire, employed by the survey, queried six 

themes that relate to intercultural competence in the context of mining engineering.   These are shown in 

Table 4.  The intention was that the pattern of responses would inform the development of focus group 

topics to be explored in depth.  At the same time, the survey itself revealed some interesting facts about 

where students are situated with respect to their thinking upon entry to the undergraduate mining 

engineering program, after the social responsibility classroom unit, and after experiential learning at the 

Teaching Lodge.   

Table 4: Themes Explored in the Engineering Knowledge, Culture, and Values Questionnaire 

Theme Definition 

Values especially as related to mining (to what extent does the student 
“buy in” to the mainstream neoliberal narrative, a potential 
impediment to transformation) 
 

Respect for diversity (acknowledgement of and willingness to consider alternative 
perspectives) 
 

Self-awareness (particularly of the sources of own perspective; a key indicator of 
susceptibility to a transformative experience) 
 

Attachment to 
disciplinary knowledge 

(confidence in the correctness and capacity of the Western scientific 
approach) 
 

Receptiveness to 
alternative 
knowledges 

(an appreciation of other disciplinary knowledge and willingness to 
learn from, perhaps defer to these) 
 

Interest in other 
cultures  

(as distinct from openness, interest is conceived as active, willing, 
and participatory) 
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As it appeared to students, questions from the various themes were interspersed throughout the 

questionnaire.  A few throw-away55 questions were included to create engagement (Rossi et al., 2013).  

Intentionally, there was also some redundancy, with questions inverting the apparent emphasis to allow 

the researcher greater confidence in the truthfulness of responses.  The full questionnaire, as it appeared to 

students, is included in Appendix B.   

4.5.1.1 Data Collection 

The first collection of survey data took place in the last week of October 2013.  Students from the two 

participating groups (MINE 341 and MINE 201) had taken part in the second year field trip to Timmins.   

For this first run of the survey, volunteer participants were asked to indicate which mine tour they had 

been on during their MINE 201 field trip.  The multiple-choice question offered the following options: 

• Glencore-Xstrata Kidd  

• Goldcorp- Hoyle Pond 

• Lakeshore Bell Creek 

• Lakeshore Timmins  

• I did not attend the Timmins field trip 

As described in Section 4.4.2.1, responses to this question facilitated separation of the anonymous 

surveys into two datasets:  

Tc: students who had only experienced the classroom learning intervention, consisting of 

lectures and course learning materials, and 

Te: students who had experienced the classroom learning intervention and had also 

participated in an experiential learning activity with the Aboriginal traditional 

practitioner at Goldcorp’s teaching tepee at the Hoyle Pond site in Timmins. 

                                                 
55 Also known as “ringers,” questions thought to be of intrinsic interest to participants may be added to a survey to 
create or maintain interest.  Such questions must be used sparingly so as not to simply burden the participants.  
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Six of the 21 respondents from MINE 201 (approximately 29%) indicated that they had been in the field 

trip sub-group that visited an Aboriginal learning site.  At the Learning Lodge at Goldcorp's Hoyle Pond 

site in Timmins, ON, they learned from a traditional Ojibwe practitioner about stewardship of the land in 

Aboriginal culture (Tollinsky, 2011).  Of the 25 third year students (those registered in MINE 341), who 

responded, 10 (approximately 40%) indicated that they had visited the Hoyle Pond Aboriginal learning 

site in their second year.  Table 5 presents the dataset compositions.  It also shows an individual response 

as a percentage of the total dataset.  As can be seen, the smaller the dataset, the larger the effect of a 

single response.  Implications of this fact are discussed in Section 4.5.1.2.     

Table 5: Dataset Size and Composition  

Dataset  Size Composition Individual Response as 
Percentage of Dataset Total 

T0 65 MINE 201 Fall 2014 1.5% 

Tc 30 15 students MINE 201 Fall 2013 
15 students MINE 341 Fall 2013 3.33% 

Te 16 6 students MINE 201 Fall 2013 
10 students MINE 341 Fall 2013 6.25% 

 

In 2014, the survey was administered via D2L to the incoming MINE 201 class.  The survey was posted 

during the first week of term, before the students had attended any MINE 201 lectures or participated in 

the field trip.  This cohort became dataset T0, so named to indicate that they had had NO exposure to any 

curriculum intervention.  As described in Section  4.4.2.2, completion of the survey had, by this 

collection, been made a requirement of field trip participation, because it was determined that an 

assessment of student attitudes upon entrance to the mining program would be informative for the course 

professor, as well as for departmental curriculum planning.  This requirement both ensured survey 

completion and eliminated the need for inclusion of the mine-tour question.   
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4.5.1.2 Data Limitations, Considerations, and Cautions  

The survey data suffers from significant limitations: 

1. Small populations 

2. Low participation rate in the 2013 data gathering (i.e. when participation was voluntary) 

3. Potential for response bias  

As shown in Table 5, the very small and unequal sizes of the datasets, means that drawing statistically 

valid inferences is next to impossible.  The disparity between the percentages that represent a single 

response in each dataset illustrates this.  Understanding that the data does not support valid statistical 

inference, analysis was nonetheless undertaken, with the objective of highlighting issues to be explored in 

the focus groups.  The analysis is presented here because in addition to informing the development of 

focus group questions, noticeable differences in the three datasets that are seen for some themes and 

questions warrant as a preliminary discussion of possible causation.    

An important note about the survey is that the three datasets cannot be considered equivalent for 

comparison purposes, because as described in Section 4.4.2.1, they were drawn from populations that 

took the survey at different stages in their education, and thus, had had different learning experiences, 

beyond the learning experiences being evaluated here.   

As shown in Table 1 and Table 2, by the time they took the survey, the classes in the first data gathering 

had completed the mining component of MINE 201, including both field trip and intervention learning 

unit.  Volunteers from class MINE 341, however, with over a full year of subsequent coursework, had 

also benefitted from additional exposure to concepts related to sustainability in comparison with the 

MINE 201participants, as well as workplace experience.   For this reason, survey results between datasets 

Tc and Te must be interpreted cautiously, i.e. with an awareness of the probable effects of developmental 

maturity and latency in mind.  

In contrast, for the second data gathering, students in dataset T0 had had no exposure to any of the 

curriculum interventions at the time of their participation in the survey, having only experienced two 
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MINE 201 lectures that did directly address issues of cultural difference.  Clearly, this difference 

precludes direct comparison of the three cohorts.   

The primary purpose of the survey, however, was not to obtain quantitative support for the curriculum but 

to identify themes for deeper exploration within focus groups.  Notwithstanding the acknowledged 

limitations of the study for obtaining quantitative data that resulted from differences between the groups, 

useful information about the value of the field trip experience emerged in the analysis of survey data.  

Analysis of the survey data is presented in Chapter 5.  

4.6 Focus Groups 

The focus group method was chosen for investigation of the development of a culturally competent 

worldview in engineering students.  Although this method originated in marketing, it is widely used in 

social science research (Morgan, 1998).  

Past experience of student engagement within the Robert M. Buchan Department of Mining (Professor 

Steve McKinnon, private conversation, 2013) suggested that students who volunteered to participate in a 

focus group would be very forthcoming.  Indeed, when the four groups self-organized and contacted the 

researcher to indicate their willingness to volunteer, the spokespersons expressed interest in the research 

question and two expressed an interest in the education of future students.    

4.6.1 Participation 

Twenty fourth year students participated in focus groups held in 2014.  Four sessions with five students 

each were conducted with sessions held on four separate evenings during the autumn of 2014.   While 

distribution varied across groups, representation by gender was equal overall.  Three groups were 

composed of students who had progressed directly through the undergraduate program in mining, while 

the final group was made up of five students who had started the program a year earlier and whose fourth 

year was delayed by participation in an eight month internship during their third year. 
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4.6.2 Focus Group Characteristics 

The focus group is conceived of as combining benefits of the individual interview with naturalistic 

observation (i.e. of unedited groups as they navigate daily life), and providing an opportunity for the 

researcher to “focus” a discussion towards the topic under study, while simultaneously allowing 

conversation to unfold spontaneously.   In terms of research utility, the focus (subset) group offers the 

following advantages: 

• The research “topic” or focus retains the immediacy of the lived domain (i.e. it is less susceptible 

to indifference than either electronic or paper surveys) because it is by definition, participatory. 

• Group norms may be revealed through spontaneous interaction of participants – in the 

investigation of the cultural values of mining students, the norms that shape social interaction 

revealed values that are shared by the group.  In some instances, the focus group method is 

combined with a quantitative method in order to verify group norms and gain insight into the 

processes by which viewpoints are formed56 (Somekh & Lewin, 2009, p. 42).   

A disadvantage of the method is that within the group setting, the relative resiliency of individual 

perception that may differ from group norms may or may not be revealed.   

Boddy’s (2005) prescription for assembling effective focus groups was followed:  

• Participant groups should be small and conversational—each group in this study had five 

participants. 

• Groups should be internally homogeneous—characteristics of the Queen’s FEAS population 

guaranteed social status and age would be consistent.  Boddy suggests that in some instances it is 

reasonable to predict that greater insight may be revealed if participants are organized into same-

gender groups.  Notwithstanding the marked difference in participation rates between males and 

females in the survey, the research was not concerned with questions related to gender or 

                                                 
56 If a quantitative picture of learning outcomes is desired in the future, the IDI would be the appropriate instrument.  
This is discussed in 8.2.3 
 



124 

 

sexuality, but in the values of participants as engineers who work together in mixed teams.  The 

researcher sought voluntary (un-compensated) participation, and was prepared to take participants 

“as they came.”  Accordingly, the invitation to participate acknowledged that learning in 

engineering is social and encouraged groups to self-organize.  The groups that formed were 

mixed in terms of gender.  

• The time allocated is short—two hours were set aside for each meeting. This proved to be 

sufficient in all cases. 

• Focus groups should centre on a small number of questions, but open-ended discussion should be 

encouraged—six questions sparked discussion, and as expected, the groups engaged in lively talk 

for close to the full two hours in each case.   

• Participants should be invited to engage in a discussion about aspects of particular topics—the six 

questions created themes but in the very social setting, the conversation was allowed to follow 

paths that emerged within the discussion. 

• The researcher should adopt the role of facilitator—the researcher presented the questions, 

ensured that each participant offered an initial response and asked for clarification when it 

appeared this might stimulate further discussion.  

Focus group research seeks qualitative information, i.e. data that is not artificially directed or constrained 

by limits imposed by the researcher.  Its form is descriptive language (freely selected by the participants) 

about individual thoughts and opinions around a given theme, as well as information about processes by 

which the group members influence each other, whether it be by reinforcing old norms or by assisting 

each other in the creation of new norms.  As with individual interviews, the focus group method assumes 

that the data collected will be unique.  There is no assumption or desire to prove that observed results will 

be replicated in other groups, in the larger population (the remainder of the class), or in other engineering 

populations. 
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Interaction within the focus group makes this method a useful tool for observing social learning.  From 

the perspective of the researcher within the group it allows, as Grumbein and Lowe (2010, p.502) put it, 

the “infusion of diverse perspectives,” where participants might be motivated to add to the discussion in 

response to what is heard from another speaker.  However, while the disadvantages of the method are 

mainly logistical, related to convening the group, Grumbein and Lowe caution that there is also potential 

for those who may hold views that lie outside norms expressed by their peers to remain quiet.  Of greater 

concern to the researcher is the possibility that these participants might even attempt to give the overt 

appearance of tacit acceptance of group norms57.  The group setting may temporarily amplify/dampen a 

perception that is more tenuously held where the group reinforcement is absent. 

4.6.3 Participant Recruitment 

In October 2014 students in the fourth year of the program received an email invitation to sign up for one 

of four scheduled focus groups.   It has been the experience of the Mining Department that students are 

eager to participate in exit interviews to reflect upon their learning experience and to suggest avenues for 

improvement to the curriculum.  The previous exit interviews (April 2014) revealed that students are 

concerned that their exposure to concepts of sustainability (addressed explicitly in course MINE 422) are 

taught in isolation from their engineering design courses.   They expressed some frustration in feeling ill-

equipped to integrate and operationalize the sustainability values they have developed.   

The prescribed relaxed setting and atmosphere was aided by the provision of pizza and soft drinks.  The 

intention was to lessen the potential for stress that might have developed as a consequence of any 

unforeseen workload changes that may have occurred after students signed up to participate.  A quiet and 

comfortable conference room accommodated lively “dinner-table” discussions.  

                                                 
57 Recalling that the rate of transformative learning is theorized to be highly individual: some students may take 
more time to deconstruct through reflection, old and normative perspectives.  This might include norms that are, at 
the time of the group discussion, in flux as a consequence of the curriculum intervention 
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4.6.4 Discussion Questions 

The questions put to participants were drawn from analysis of the survey data and designed to solicit 

discussion of their attitudes towards cultural difference and to explore their own accounts of how these 

attitudes had developed.  It was assumed that many of the influences on attitudes originate in the students’ 

upbringing (i.e. cultural), but the focus of the discussion was on influences felt at university, particularly 

those influences within the undergraduate mining program.  For example, was a lesson or a case presented 

in either MINE 201 or MINE 341 that surprised the student or caused him or her to question prior 

assumptions?  Was the process gradual or could the students point to an "aha" moment?  The leading 

focus questions posed during the two-hour sessions are listed below: 

1. Thinking about your early life and schooling, could you talk about any person or experience that 

influenced your decision to pursue higher education and to study engineering in particular. 58 

2. In the final year of your professional training, you have already acquired a broad base of 

knowledge and a suite of skills that will form the foundation of your engineering practice.  Could 

you talk about your confidence in this knowledge (its basis, its fallibility, its specificity, its 

limitations, etc.)? How do you know it is correct? 

3. Thinking about engineers you have met, and summer jobs you have held, describe the values that 

you associate with engineering success. 

4. Thinking about the changing context for mining, especially the intensified scrutiny on community 

relations from governments and civil society, what personal attributes do you think engineers 

need in order to contribute to better relationships between companies and communities. 

                                                 
58 Researchers are advised to open with questions that serve as ice-breakers rather than getting directly into the 
subject of study.  This question was selected because it has the effect of making allowing the student to speak about 
a topic he or she is expert in and has a wealth of material to draw from.  It is a classically social question that invites 
sharing and comparison of experience among group members and emphasizes their group identity.  For the purpose 
of this research, the question had the advantage of eliciting useful data as well.  
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5. Have you encountered criticism from people outside the field about your choice of career or 

industry performance? Did you feel prepared to respond? How do you or how would you explain 

your role in the industry to someone who was opposed to mining? 

6. Do you anticipate opportunities within your future practice as a mining engineer to build mutually 

better understanding between industry and communities? 

The recordings were transcribed at the discourse level (Gibbs, 2008).  That is, the form and 

conversational features of the speech (e.g., repetitions and verbal tics) as well as its content are of interest 

in the study of a social learning process and so these descriptions are included along with verbatim 

transcriptions of participant responses.    

4.6.5 Data Analysis Approaches Considered 

Threshold concepts (TC) theory was chosen as the most appropriate method for analysis of the focus 

group data, but before its eventual selection, a number of qualitative approaches to data analysis were 

considered.  All provide a framework for iteratively examining the data in order to home in on attributes 

of interest.  The selection of a candidate method depends on the type of information the researcher is 

looking for.  For example, interpretive phenomenological analysis (IPA) seeks to reveal a subject’s 

thoughts and feelings about a particular issue (Smith, 2015).  The method is well-respected in both 

psychology and psychiatry because, when applied to groups that are defined as homogeneous for study 

purposes,59 it has potential to illuminate common themes (which then inform subsequent deeper study) 

that occur in individual experience.  A related approach, phenomenography, first categorizes responses by 

identifying emergent themes but then closely examines the variations rather than commonalities, among 

the responses within each thematic group in order to access the experience of learning (Richardson, 

1999).   

                                                 
59 For a typical example, see Osborne and Smith’s 2015 study of back pain.  In this case, homogeneity was defined 
by gender and aspects of medical condition (chronic, non-malignant).  The small study of 12 patients allowed 
researchers who traditionally work with single patients to facilitate the emergence of shared experiences and 
concern.  
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4.6.5.1 Grounded Theory 

Grounded Theory (Glaser & Strauss, 2009) is an approach developed in response to the limitations of 

traditional research methods that begin with hypotheses that are tested against data.  Glaser and Strauss, 

reasoning that hypotheses arise from a bias or a particular set of philosophical assumptions towards the 

subject, proposed a theory that begins with a blank slate, and which, through an iterative process, attempts 

to develop a theory out of the data.  This ensures, they argued, that the theory is grounded in the data.  Its 

intent is to “discover” (Glaser & Strauss, 2009), that is to say, develop new theory.  The approach relies 

on coding, the sorting of data into groups or categories according to similarities seen by the researcher.  

The salient (but not unique) feature of the approach is that categories are not pre-defined, but emerge 

from close examination.  Repeated performance of the sorting process is said to refine categories.  From 

the categories, themes can be drawn and, from these, a theory developed to explain a phenomenon.  The 

approach is not unlike the process of reverse engineering.   

4.6.5.2 Interpretive Phenomenological Analysis 

Interpretive phenomenological analysis is described by Eatough and Smith as an examination of 

individual lived experience and the ways in which individuals make sense of that experience (in Willig 

and Stainton-Rogers, 2008 p.179).  Interpretive phenomenological analysis’s focus on experience and 

meaning-making by the individual suggested that it might serve as an appropriate qualitative approach, 

which would align well with the theoretical framework described in Chapter Three.  Interpretive 

phenomenological analysis is particularly well suited to an investigation of student understanding of 

culture, for, as Eatough and Smith point out, IPA researchers begin with “the term lived experience, as to 

encompass the embodied, socio-culturally and historically situated person who inhabits an intentionally 

interpreted and meaningfully lived world” (p. 182), rather than with the imposition of variables pre-

determined by the researcher.  This aspect of the method can also be described as aligning well with 

dialogism, in its recognition that within the research, meaning is the product of an equal-party negotiation 

between participant and researcher. 
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In spite of the particular advantages offered by individual approaches, none offered the full suite of 

characteristics sought, so the newer and specialized technique, threshold concepts, was selected.   

4.6.6 Selection of Threshold Concepts as Analysis Approach for Focus Group Data  

The Threshold Concepts approach (Meyer & Land, 2003) offers the most appropriate and effective lens 

for analysis of the focus group data.  It has become widely accepted and adopted by researchers in higher 

education, including engineering (Baillie & Johnson, 2008; Carstensen & Barnhard, 2008; Knight et al., 

2014; Male & Bennett, 2015).  Notwithstanding the critical perspective of this work, the qualitative 

methods first considered and described in the preceding subsection share two notable shortcomings: 

1. They are primarily descriptive rather than analytical, and 

2. Although developed to support educational research, they do not facilitate the identification of 

specific conceptual difficulties or impediments to learning that can inform development of 

targeted curriculum.   

In contrast, Threshold Concept theory is recognized within higher education because of its practical value 

for curriculum development (Land et al., 2006; Cousin, 2006; Boustedt et al., 2007; Stokes et al., 2008).  

Through the identification of thresholds, a particular curriculum can be purposefully oriented to address 

concepts that students find most challenging.   It was decided that this highly pragmatic approach to 

curriculum analysis would be appreciated by both the critical educators and engineering educators who 

may have an interest in this research.  The methods employed to identify threshold concepts evident 

within transcripts are neither described in detail, nor prescribed in the literature: different scholars have 

adapted the textual analysis techniques employed by various theories of “qualitative data” including those 

described in the preceding subsection.  Consistent characteristics of analysis techniques include: 

• use of rich data from a small number of research participants  

• iterative examination of data 

• grouping or sorting of data 

• attention to students’ own conception of what is difficult or puzzling 
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• attention to language that refers to competing understandings    

It must be emphasized that the threshold concepts approach is less concerned with developing a 

comprehensive catalogue of student thoughts than it is about revealing dysfunctional understanding, i.e. 

understanding that impedes or frustrates the incorporation of additional nuances and development of more 

sophisticated understanding.   

The method employed for analysis of the focus group data in this thesis can be characterized as a hybrid 

that combines thematic analysis of the transcribed conversations (i.e. the raw data), followed by a second 

pass examination to tease out potential culturally-rooted threshold concepts within the focus group data.   

Massey (2011) observes that a common critique of the focus group research method is the fact that the 

literature (both that which promotes the methodology and that which reports on results obtained using the 

method) reveals a glaring absence of information, formal procedures, and technique for data analysis 

(Flores & Alonso, 1995; Hurworth, 2008; Myers & Macnaughten, 2001).  Indeed, Boyatsis (1998) 

comments that the process by which most novice researchers learn analysis techniques is reminiscent of 

apprenticeship or initiation into a secret society.   Massey cites numerous studies that attempt to justify 

the lack of documented procedure (ranging from the suggestion that the method is not scientific enough to 

warrant description to the fact that there are too many possibilities open to the researcher to attempt to set 

out procedures).  Such explanations are worse than unhelpful—they undermine confidence in the validity 

of this methodology for scholarly research.   Lack of transparency respecting the process of primary 

analysis may reasonably be seen by researchers familiar with the quantitative paradigm as “sloppy” or 

arbitrary, and is thus a profoundly serious concern.    

Hoping to address the concerns noted by Massey, an extensive review of the literature was undertaken, 

but efforts confirmed a dearth of useful, methodical advice on how to (with rigor) sort through the pages 

of transcripts that were the product of the focus groups.   Notwithstanding this difficulty, the researcher 

was committed to conducting an investigation that would combine the unique attributes of the focus 

group (the collection of data pertaining to both individual attitudes and attitudes that are a function of the 
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individual within a group, the community of practice) with the curriculum-focused analysis of TC theory.   

This combination of approaches has not been described in published research and it was theorized that it 

might be uniquely suited to identifying threshold concepts related to culture for mining engineering.   

The identification of potential threshold concepts proceeds from credible analysis of the data (transcripts 

of focus group conversation).  Questions of credibility are dealt with in the following sections, which 

address “black box” criticisms of qualitative conversation analysis by opening up and revealing the 

contents of that box.  Massey’s (2011) work tackling this problem is relied upon here as the primary guide 

in this task.  

Massey notes that there are three predominant approaches applied to focus group data: grounded theory, 

and phenomenological approaches, which were described in Chapter 3, and thematic approaches.  

The stand-alone approaches of grounded theory and phenomenological approaches were adaptations of 

both methods of analysis and have been used to identify threshold concepts in engineering (Kabo, 2010; 

Baillie, 2011).   They were rejected as candidate methods for analysis of the focus data, not only because 

of concerns regarding the lack of process transparency, but also because of their shared requirement for 

iterative data collection, a requirement that demands more of the participants than was deemed realistic of 

mining engineering students.  Indeed, this apprehension was verified by the researcher’s failure to obtain 

volunteers to complete the IDI.  

4.6.7 Thematic Analysis 

The availability of a transparent analysis process was deemed key to having results accepted by academic 

engineers, as well as academics with a social science background.  Because thematic analysis, which 

concentrates on “the search for common themes emerging from group dynamics and the open interplay 

among participants” (Massey, 2011, p.22), is the most commonly employed method for focus group 

research (Wiggins, 2004), it was selected as appropriate for the purposes of this research.  Massey’s clear, 

defensible articulation of the process’s steps is outlined here.  
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Massey states that raw transcripts offer three levels of data:  articulated, attributional, and emergent.  

These levels of data, characterized below, are revealed through iteration—sequential, increasingly 

probing passes through the transcripts:   

• Articulated data consists of the direct responses to researcher questions and prompts, as well as 

the conversation among participants that follows the initial response.  The participants’ choice of 

words, their interpretation of the questions, which are accessible directly, are the object of study.    

• Attributional data is that data which results from a methodical testing of research hypotheses. 

Massey describes it as data which: 

…derives from comments and discussion that relate to a priori theories, operating 
hypotheses, or research questions that the evaluator brings to the study. This will include 
data applied to ‘the search for signals or indicators reflecting theories of interest” and 
data that illustrates hypothesized contrasts across groups, respondents, or time periods… 
(p. 23) 

• Emergent data comprises information that contributes to new insights and hypothesis 

formulation.  It is the unanticipated product of individual comments and exchanges among group 

members.   It includes data that touch on unspoken cultural perspectives and normative values 

that are presumed to contribute to the participants’ beliefs, attitudes, and behaviours (Massey, 

2011).   This level of data is obtained through and is thus dependent upon researcher 

interpretation.   

The next sections outline the steps employed in thematic analysis. 

4.6.7.1 Step 1 Examination of Articulated Data 

According to Massey, the first step in thematic analysis of transcripts is to examine the responses to 

determine whether the question has been answered or not.  This requires sorting responses into three 

layers or groups: 

• Those that specifically provide an answer to the researcher’s question 

• Those that address another question (posed earlier, or at the time of statement, not yet asked) 

• Those that do not answer any of the researcher’s questions.  
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The researcher’s next task is to examine these answers—looking for patterns that may provide insight into 

the participants’ assumptions, interpretations, values, and importance they may attach to the issues being 

investigated.  From observed patterns, the researcher seeks to ascertain the relevance of the data to the 

issue.   Examples of relevant patterns include replacement of vocabulary, rephrasing of questions, 

answers to the newly cast question, and peripherally attached items that participants say they relate to the 

answers. 

As Massey explains, depending on both depth of analysis, and research objectives, the process may be 

highly iterative and may include aspects of inductive theory development.  In this case, because the 

intention was to employ thematic analysis to filter data for further analysis using the Threshold Concepts 

model, a single pass through these layers was taken.   

Massey notes that sorting data at this level reveals the group’s ability to “recast” an issue, and that may 

lend more insight into how they fit the issue into their “own perceptual framework.”  Additionally, 

because participants are in conversation, they may respond to each other’s interpretations, thus offering 

the potential for further insight into the social construction and reinforcement of attitudes and perceptions.   

Articulated data on its own supports credible conclusions.  However, Massey cautions researchers against 

relying too heavily on manifest content (content that is on the surface of communication), without due 

consideration of the inherent meaning in latent content (that content which is not present in the transcript, 

but which nonetheless carries meaning, for example, participant attire, gestures, tone, patterns of 

interruption, laughter, etc.).60    

4.6.7.2 Step 2 Examination of Attributional data 

In this research, attributional data, that which is accessible less directly or which resides below the 

surface of conversation (i.e. not manifest content), is of particular interest.  It resides in less explicit, 

circumlocutory dialogue in which epistemological assumptions and cultural worldview are expressed 

                                                 
60 The issue of attaching the appropriate importance to manifest vs. latent content was highlighted in the 
context of artificial intelligence/natural language processing research exploring the potential for machine 
analysis of conversation transcripts (Rourke et al., 2007). 
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(Massey, 2011).  Because such expressions are not explicit, any inferences made by the researcher with 

respect to attributional data must be meticulously justified.  Failure to document stepwise construction of 

an inference from attributional data justifies questions of credibility from researchers in the quantitative 

school.  Whereas, for articulated data, a researcher’s arguments or claims may be sufficiently supported 

by observable evidence—quotes from the transcript—for attributional data, the researcher must create a 

robust “chain of evidence” (Massey, 2011, p 25) that unequivocally supports these claims. 

Massey advises that inferences about attributional data must relate to a hypothesis that has been proposed 

a priori.  In this case, the hypotheses were generated from the survey results presented in Chapter 5.   

Recall that analysis of survey data yielded some unexpected findings respecting student response to 

curriculum interventions.  The hypotheses to be tested via attributional data derive from the possible 

explanations for these results, offered in Chapter 5.   

As Massey points out, the researcher must be prepared to acknowledge the limits of attributional data, 

which may not be sufficiently dense to permit the drawing of supportable inferences61.    

4.6.7.3 Step 3 Examination of Emergent Data  

Although not the focus of this research, emergent data has perhaps the greatest potential of Massey’s 

three data types for exploring the cultural constructions of a community of practice.  Emergent data 

includes meanings, values, and normative understandings (p. 25) related to the group.  Bloor (2001) 

distinguishes between attributional and emergent data, noting that attributional data can be related to a 

priori themes (here, the hypotheses that were drawn for the survey results), whereas emergent data is that 

which presents entirely new, perhaps unexpected insights into tacit norms.  Notably, emergent data has an 

inherent capacity to reveal what is important to participants.    

                                                 
61 As an analogy, consider each piece of evidence as a stone in a stream:  where the stones are fairly closely 
spaced, it is safe to jump from one to the next, but as the distances between stones increases, the prospect 
becomes increasingly risky and the outcome unreliable.  
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According to Massey, emergent data capture themes and concepts that were un-interrogated and invisible 

before the study, but which may be revealed as a unifying framework (p. 25).     

Notwithstanding the potential claimed for emergent data, Massey advises caution in considering these 

three types data in aggregate.  It may be that considered together, they offer a clear insight into the 

participants’ world, but neither consistency nor support for a single theoretical arc should be expected.   

To emphasize, Massey states that there is no hierarchy implied in the layers of data and the degree to 

which the researcher must rely on inductive reasoning is not reflective of the legitimacy of any level 

(Massey 2011, p. 27).   

Emergent data was not considered in this study, because the application of Massey’s framework was 

intended only to document a rigorous process for analyzing discussion transcripts.  Themes revealed 

within articulated and attributional data were evaluated as evidence of potential threshold concepts that 

might inform development of a more effective undergraduate mining curriculum. 

An excerpt from the anonymized focus groups transcripts is included in Appendix F.  A comprehensive 

and detailed discussion of the analysis of the focus group data is presented along with analysis of the 

focus group data in Chapter 6. 
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: Survey Data and Analysis 

Chapter 4 described the research methodology and introduced the methods employed to gather data.  In 

this chapter, data obtained from the survey is presented and analyzed.   (Chapter 6 discusses analysis of 

the focus group data.) 

As discussed in Chapter 4, survey data was collected in two separate gatherings, first, in the fall term of 

2013, and again, in the fall term of 2014.  The survey employed a questionnaire (see Appendix B) that 

posed specific questions about the practice of mining and attitudes to culture in general and to engineering 

culture, in particular.   

5.1 Design of the Survey Questionnaire 

As stated, the questionnaire used in the engineering knowledge and attitudes survey was designed to:  

1. Explore student perceptions (which could later be explored in depth within the focus groups) of 

both their own cultural values and the values of others.   

2. Provide insight into the learning process itself, specifically, information about knowledge gaps 

and conceptual difficulties that could inform design of curriculum to support the development of 

the intercultural competence needed to forge respectful relationships.   

5.1.1 Selection of Themes for Exploration 

The questionnaire’s themes were drawn from literature related to intercultural competence and 

intercultural intelligence and industry conceptions of responsible practice.  Because one objective of the 

research presented here was to determine the potential for an educational approach to improve 

intercultural competence of a unique cohort, i.e. undergraduate students in mining engineering who 

represent a subset within the dominant Western-scientific culture, the survey was conceived of as a tool to 

inform effective curriculum development by shedding light on: 

• current levels of student intercultural competence  

• student awareness of culture as a determinant of perspective 
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• aspects of intercultural competence that are problematic (i.e. to which students are resistant)  

It was hypothesized that greater knowledge of these dimensions of student thinking could inform the 

development of curriculum targeted to address difficulties and misconceptions experienced by the 

students themselves and to highlight themes for deeper exploration.   

5.1.1.1 The Particular Importance of the Values Theme 

Attitudes that can be readily observed are outward manifestations or expressions of values (Hofstede, 

1998) that are deeply held and culturally-determined.  Questions in this theme then sought to explore 

student attitudes in order to support inferences about their values.  

As outlined in Section 3.2, there is minimal research on the values of engineering students and still less 

about the values of students in mining engineering.  This means that, while educators can readily 

determine the average technical competence of an incoming class of students, they have no baseline 

knowledge of or even sense of how their students think about the world and their relationship to it.  Yet, 

this knowledge is fundamental to the creation of appropriate, accessible learning experiences in the 

affective domain.    

The values of the dominant culture, i.e. those associated with a Western-scientific worldview (which, in 

the globalized twenty first century, might more appropriately and succinctly be referred to as “capitalist”) 

are theorized to be problematic for the formation of respectful relationships around mining projects 

(Mumford & Winner, 2010).  For this reason, questions were developed to interrogate student allegiance 

to the values of the dominant culture as well those of the discipline and to query their willingness (even 

hypothetically) to consider the potential for other values and perspectives to beneficially inform their 

future practice as professional mining engineers.   

Finally, because developing awareness that one’s own perspectives are a function of a particular culture is 

a necessary stage in the development of intercultural competence (Bennett, 1993), a small group of 

questions queried the extent to which students are aware that they look at the world through a cultural 

lens.    



138 

 

As noted in Chapter 1, this research explores the state of mining engineering students’ relationship-

building skills through the lens of intercultural competence—a universal or context-independent 

capability.  Generalizability notwithstanding, the research is situated in a real world context: Canada in 

2016.  It is therefore both illustrative and appropriate to contextualize the analysis in terms of the evolving 

relationship between Canada’s extractive sector and its Aboriginal peoples.  As argued in Chapter 1, 

mining engineers, as project designers and decision-makers, are uniquely positioned to contribute to 

Canada’s project of reconciliation: advancing through their practice, the interests not only of government 

and industry, but also of communities.  If they are to do this, they must, at a minimum, be equipped to 

engage in the dialogic work of relationship-building, with awareness of differences in values, appreciation 

and openness to the legitimacy of these differences, self-awareness, and an interest in difference between 

cultural viewpoints.    

The identification of Aboriginal values that settler-Canadians and young mining engineers, in particular, 

need to understand and appreciate is taken from Martinez’ (1992) list of major differences between 

Western and Indigenous worldviews.  These are (1) the concept of individuality; (2) life as an indivisible 

whole; (3) concepts of time; (4) modes of societal organization, especially in relation to kinship ties; (5) 

concept of land guardianship/ownership; (6) leadership; and (7) the principle of reciprocity (Canadian 

Human Rights Commission).    

Combining these attributes with those related to intercultural competence, an expanded set of themes 

linked to disciplinary culture was developed.  These themes and questions associated with each are listed 

in Table 6.    
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Table 6: The Engineering Knowledge, Culture, and Values Questionnaire – Themes and Questions 

Theme Questions 

A. Values: Current views on the values implicit in modernity, 
including general faith in science and technology as a 
means to “the good life” issues related to mining (to what 
extent does the student “buy in” to the mainstream 
neoliberal narrative, a potential impediment to 
transformation) 

1, 2, 7, 9, 10, 31, 38, 43 

B. Respect for diversity (Acknowledgement of and willingness 
to consider alternative perspectives)  

14, 29, 32, 35, 36, 40, 42 
 

C. Self-awareness (particularly of the sources of own 
perspective; a key indicator of susceptibility to a 
transformative experience) 

13, 6, 16, 23 

D. Attachment to disciplinary knowledge (confidence in the 
correctness and capacity of the Western scientific 
approach) 

8, 24, 28, 30, 33, 44, 47  

E. Receptiveness to alternative knowledges (an appreciation 
of other disciplinary knowledge and willingness to learn 
from, perhaps defer to these) 

3, 11, 12, 17, 21, 37, 48 

F. Interest in other cultures (conceived of as distinct from 
respect for diversity, interest is conceived as a component 
of relationship, i.e. active, willing, and participatory) 

5, 15, 25, 39, 41, 46 

 
For each theme, questions were analysed in aggregate as well as individually.  The results from this 

analysis guided the development of the questions for the focus groups.  Assessment of current levels of 

intercultural competence was not the goal.   

5.1.2 Question and Response Types 

With the exception of a single multiple choice question (included in the 2013 data gathering effort, and 

deleted for 2014), which asked students which of the tours they had been on during the field trip, answers 

to the questions followed a Likert scale.  
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Questionnaires frequently employ Likert scales, typically offering the participant a range of five (although 

2 to 10 are sometimes used) options that represent degrees of agreement to disagreement.   Intuitively, 

Likert scales have weaknesses that contra-indicate their use in quantitative research (although there are 

contexts where distortion is exploited – notably in public opinion research done by advertisers and 

political parties).  These include the fact that, while the scales are ordinal, the intensity of opinion 

represented by the intervals may not be.   Another problem is that the scale may not be symmetrical (for 

example, returning to politics, a pollster might ask respondents to indicate their agreement with a 

statement such as, “The Senate serves citizens of Canada with honour,” at the time of writing, it might be 

the case that “Strongly agree” and “Agree” will be selected by few respondents, whereas providing 

additional options, “Disagree very strongly,” and “Disagree Vehemently,” might yield a more accurate 

picture of public opinion).    

Design approaches (simple redundancy, framing the same question within both positive and negative 

statements), and statistical techniques are employed to address questions of bias and validity and as 

Spector (2007) advises, the questionnaire should be trialed and validated.  The approach to bias taken in 

this research is described in Section 5.1.4.2.  

Notwithstanding quantitative issues, Likert scales have utility in qualitative research, for identifying 

themes that elicit strongest responses, in order that they may be explored in depth.  This utility for 

identifying themes justified the use of a 5 item Likert scale for responses.  

5.1.3 Assumptions 

As noted in Section 3.2, there is limited research available about the cultural values of young engineers 

(Del Vitto, 2008; Goldfinch et al., 2010; Mazzurco et al., 2012).  With no reliable data respecting their 

cultural values, the assumption was made that each successive cohort of students entering the 

undergraduate program in mining engineering at Queen’s is equivalent for the purpose of teaching.  This 

is, in fact, the working assumption of most departments in the FEAS (Brian Frank, private 

correspondence via email, Oct 3, 2015).  Whether such an assumption is valid or not (the extent to which 
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the cultural composition of each year’s new class varies, is unknowable from data currently collected by 

Queen’s University), it is nonetheless pragmatic and necessary to enable any evaluation of curriculum, 

given that each year brings a single small new cohort.  

Beginning with this assumption of equivalence, it was determined that effects of the curriculum 

intervention could be estimated by systematically comparing the ranges between the percentage agreeing 

(indicating rigidity or attachment to the dominant culture) and the percentage disagreeing (indicating 

plasticity or openness to alternate cultures and their perspectives) for each cohort or dataset.   This means 

that the differential between percentage of each cohort agreeing and percentage disagreeing is the 

comparator of interest.  In all cases, the differential reported is a vector expressing a directional distance 

between those agreeing and those disagreeing, where a larger differential indicates that the cohort as a 

whole is more open to the perspectives of other cultures.  Smaller (and more negative) differentials 

indicate that the cohort as a whole is less open.  The differential for dataset T0 can be thought of as a 

control against which the differentials for each intervention group, dataset Tc (classroom only), and 

dataset Te (classroom plus experiential component), can be compared.  Thus, effectiveness of any 

intervention can be estimated via the change in differential between the intervention cohorts and control 

(T0) cohort.   

A bar graph reminiscent of a Cross of Lorraine has been employed to visually present the variance among 

the differentials, making the assessment of the effects of curriculum intervention (the distance between 

T0’s differential and those of Tc and Te) straightforward.  

5.1.4 Limitations and Biases 

Survey designers are advised to avoid acquiescence bias by framing questions so that a particular belief or 

leaning is indicated in some cases by a negative response and in others by an affirmative response.62    

                                                 
62 Response bias refers the bias created when responses do not reflect the true feelings or attitudes of a study 
participant.  Several types of response bias have identified, including  

• Acquiescence bias - the tendency of some respondents to provide consistently affirmative responses —
agreeing with statements without taking time to think and respond truthfully  
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5.1.4.1 Response Bias 

Anonymous administration of the survey protected student privacy, and helped to dampen the effect of 

social desirability bias.  

Because extreme response and acquiescent bias were a concern for this survey, an avoidance approach of 

purposeful distribution of questions employing both positive and negative voice (Pauthus, 2002) was 

employed.  However, this approach at delivery meant that when the time came to analyze the data, it was 

necessary to re-orient the responses to some questions to ensure inter-group consistency (i.e. that within 

the thematic group,  all positive responses indicate the same trend: either increasing or decreasing 

openness, while all negative indicate the opposite trend).  Thus, for some questions, the polarity of 

answers was reversed (e.g., “strongly agree” became “strongly disagree,” “agree” became “disagree,” 

etc.) prior to aggregation.  The questions for which polarity was reversed are identified in Appendix E.  

5.1.4.2 Likert Scale Limitations 

As noted in Section 5.1.2, Likert scaled responses are known to pose limits for statistical analyses due to 

the fact that the interval between data points is not necessarily fixed.  Simple questions, such as Question 

38, “Investing in community relations is good business,” or Question 46, “I am interested in learning 

about Indigenous and other worldviews,” do not require the respondent to consider the nuances of context 

that might alter their answer.  The automatic or instinctive answer is easily given, and there is no 

mechanism to demand that, “on the other hand,” is be considered before replying. 

However, most of the questions used in this survey require the student to think carefully about both 

content and context, as in the statement posed by Question 10, “In the twenty-first century, the economic 

strength of Canada should be a higher priority than protecting any particular cultural heritage and lifestyle 

                                                 
• Extreme response bias – which refers to a respondent choosing extreme ends of the scale (consistently 

selecting Agree strongly, for example) but also refers to the tendency to consistently choose the middle or 
neutral response.  

• Central tendency bias – in which respondents preferentially select the neutral position  
• Social desirability bias – in which respondents select the response that they believe will show themselves in 

a more favourable light to the researcher  (of concern in this context, as students seek to accepted within 
part of a community of practice, as mining engineers).       
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(e.g. East coast fishing, farming),” and Question 17, “There is a role for traditional knowledge in mine 

planning.”  These questions command contemplation and discernment.    

As a consequence of contextuality, respondent interpretation of such statements will vary with his or her 

level of awareness of context and implications.  For this reason, traditional statistical methods cannot be 

applied with confidence to responses to questions such as Q46.  Even if the questionnaire design had 

employed scalar data points (i.e. “1”…“5”, rather than the nominal “Agree strongly”…“Disagree 

strongly” scale), the fact would remain that student response to each nuanced statement is a function of its 

uniquely inferred meaning, and thus, not amenable to statistical comparison.   

5.1.5 Exceptions 

Not all the questions in the questionnaire were analyzed.  The ringer questions (about current issues 

related to mining law and policy), which, as noted in Section 4.5.1, were included for interest to remind 

students that the survey was indeed about mining not sociology.   

Note that only four questions related to self-awareness.  This was an intentional decision—based on the 

current lack of attention to self-awareness in the curriculum prior to MINE 422, it was felt that there was 

little to be learned beyond confirmation from additional focus on this concept, which is itself outside the 

awareness of most engineers.  

5.1.6 Complementary Pairs of Themes 

The six themes were further organized as three complementary pairs: 

• A:C - Values: Self-awareness 

• D:E - Attachment to disciplinary knowledge: Receptiveness to alternative knowledges 

• B:F - Respect for diversity: Interest in other cultures 

While not representing perfect continua, these pairs function as complements, or “sides of a coin,” which 

permit aggregation and correlation.  The range of responses, from “Strongly agree” to “Strongly 

disagree,” was interpreted as being indicative of the degree to which students were either open or resistant 

to the perspectives of those outside their own cultural community.   
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5.2 Analysis of Results Themes A and C, Values and Self-awareness  

Theme A – Values’s group of questions, explores the dominant culture of mainstream capitalist society 

with its values of modernity, which include an underlying faith in science and technology as the means to 

“the good life.”  Because values are expressed as attitudes, the questions in the Values theme interrogate 

the extent to which students subscribe to the mainstream neoliberal narrative of growth, globalization, and 

consumption, and its associated failure to recognize the legitimacy of alternatives.  Previous work has 

shown that, for young engineers, a strong attachment to these values can act as an impediment to 

transformative learning around social justice (Baillie & Johnson, 2009).  The questions through which 

this theme is explored are: 1, 2, 7, 9, 10, 31, 38, and 43.  The responses to these questions can be found in 

Appendix B. 

5.2.1 Aggregated Results Themes A and C 

Looking at theme A, Values, aggregated with theme C, Self-awareness, reveals the extent to which 

students register that their own values, as well as those of other groups, have their genesis within culture.  

Theme C’s questions about self-awareness comprised the smallest group (6, 13, 16, and 23).  These 

questions asked about students’ senses of being a product of a culture and about their views on 

engineering culture and its epistemological foundations.  According to Hammer et al. (2003), awareness 

of what their own values are and the unique forces that have shaped them is a foundational stage in the 

development of intercultural competence.  Accordingly, Meyer and Land would characterise this 

awareness as a threshold concept, one that must be mastered or integrated into thinking patterns before 

more complex or advanced concepts become comprehensible. The aggregated results are shown in Figure 

5. 

For both themes A and C, disagreement with (polarity-adjusted) questionnaire statements indicates 

greater openness while agreement with questionnaire statements indicates a more fixed perspective, or a 

lack of awareness of the influence of the dominant culture on one’s own worldview.  Figure 5 shows 

greater disagreement from both Tc and Te groups (43.81%, and 47.77%) than from T0, the incoming, or 
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pre-intervention class (35.71%)—numbers that suggest modest benefit from the intervention, but the 

degree of agreement among all three groups is too similar (at 34.29%, 35.27% and 38.33% respectively) 

to suggest that correlation between these themes warrants further exploration in the near term.  

 

Figure 6: Aggregated Results Themes A and C 

The differential between overall agreement and overall disagreement for the three cohorts shows that the 

curriculum intervention has an observable effect.  As Table 7 shows, the differentials for the three cohorts 

are: T0 (-2.50), Tc (9.50), and Te (12.50) 

Table 7: Calculation of Differential between Openness and Less Openness - Themes A and C 
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Thus, the aggregated responses to Themes A and C demonstrate that, with respect to values and self-

awareness, there is greater openness to other cultural viewpoints after the classroom only intervention, 

and slightly more openness after the enhanced intervention (consisting of classroom intervention plus the 

experiential component, in which students were taught by the Ojibwe Traditional Practitioner).  To 

illustrate the effect of the interventions more clearly, the differentials were graphed, as shown in Figure 7.  

 

Figure 7: Differential by Cohort - Aggregated Themes A and C 

Figure 7 shows that the differential between the percentage of students showing openness to different 

cultural perspectives and those more resistant or closed becomes greater with increased exposure to 

curriculum interventions.  It can be seen that with the classroom-only invention, cohort Tc has improved 

12 percentage points over T0, the non-intervention group (-2.50 + 10.50).  It can also be seen that cohort 

Te, which was exposed to classroom and experiential curriculum, improved 15 percentage points beyond 

T0 (-2.50 + 12.50).  This suggests that the interventions are effective in supporting the development of a 

more open perspective.   
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5.2.2 Aggregated Results Theme A, Values 

As shown in Figure 8, the aggregated results for Theme A, Values, were considered separately.  

Agreement indicates student values are strongly associated with those of the dominant culture, according 

less openness to the perspectives and values of other cultures.  In contrast, Disagreement indicates less 

acceptance of, or attachment to dominant values, and accordingly, more openness.    

 

Figure 8: Aggregated Results – Theme A, Values 

Again, responses from both intervention groups, Tc and Te, indicated greater openness to other 

perspectives (with overall disagreement of 48.33% and 50.63% respectively) compared with the T0 pre-

intervention group disagreement at 39.81%, shown in Table 8. 

For all groups, the agreement (or close-mindedness) was similar at 34.56%, 36.73%, and 32.50% for 

cohorts Tc, Te, and T0 respectively.  T0 is less open as a group with a differential of 7.31, while the 

intervention cohorts Tc and Te have near equal differentials of 13.75 and 13.91 respectively. 
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Table 8: Calculation of Differential between Openness and Less Openness - Theme A 

 

Figure 9 graphs the differentials of the cohorts. 

 

Figure 9: Differential by Cohort - Aggregated Results, Theme A 

As shown, both levels of intervention, classroom and experiential, have a positive impact of student 

openness; however, the difference between classroom and experiential effects are barely perceptible. 
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The results for all individual questions can be examined in Appendix E, but for each theme, a couple of 

representative questions are examined in detail in this chapter.  Questions 2 and 40 were selected for 

discussion here because the values they query are deeply held, and ubiquitous within both government 

and industry pro-mining narratives. 

5.2.2.1 Question 2  

Question 2 posed the statement, “People who oppose mining generally don’t understand it.”  This belief is 

behind much of government and industry’s public relations.  Even if there is some truth to the statement, 

it captures a mono-cultural, hegemonic attitude that is an impediment to conveying respect for alternative 

perspectives and embarking upon the tasks of dialogue and building trust.  

Not surprisingly, as Table 9 shows, irrespective of exposure to the curriculum interventions, a plurality of 

all three cohorts agree with the statement.  Acknowledging that the sizes of the datasets means that small 

variances do not allow for statistical inference, it can be seen that there is even a small uptick in the 

proportion of students agreeing post intervention (T0 = 46.15%; Tc and Te = 50%).  However convinced 

these students are, interventions effectively moved students from the neutral position to a more open 

outlook as indicated by the proportion of each cohort disagreeing with the statement.  For T0, only 

24.62% disagreed with the linkage of opposition to mining with lack of understanding.  With Tc’s 

exposure to the classroom intervention the proportion disagreeing grew to 33.33%, although Te’s addition 

experiential learning did not result in further improvement, but rather a small drop to 31.25% disagreeing. 

Table 9: Question 2 Responses: “People who oppose mining generally don’t understand it.” 
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Looking at the differentials between the proportion of each cohort that tends towards openness (here, 

indicated by disagreement with Question 2’s statement) and tending towards less openness, there is only 

modest support for the claim that the curriculum interventions contribute to openness.  The power of 

culture (the broad dominant culture as well as the professional culture of engineering) to ensure that 

values are assimilated is evident here.      

5.2.2.2 Question 40 

Question 40 asked students to indicate their level of agreement with the (apparent government) statement, 

“In today’s economy, we need to use lands in ways that generate as much wealth as possible.”  The 

generation of wealth is, of course, one of the primary concerns of G7 governments, presiding over 

capitalist economies.  Whether this is a political value or a reflection of a societal value is a question best 

left for another discipline, but relevant for students who will become mining engineers is the fact that the 

capitalist value of wealth acquisition is a pervasive and inescapable message in their world.  If the values 

of capitalism are not “bred in the bone,” it is not for lack of concerted effort.  

The experiential learning in Te results in a further increase in openness, with 56.25% disagreeing with the 

statement.  In the context of mining, statements expressing this view are woven throughout government 

documents and in both mainstream and industry media discussions about jurisprudence clarifying the 

meaning of Aboriginal title.  Without the curriculum intervention,63 few mining students are exposed to a 

critical view of this assumed value.   

Table 10 shows the responses from each cohort as well the differential between the proportion of the 

cohort tending towards openness and that which is more closed-minded.  It is interesting to look first at 

the levels of agreement in isolation, since the proportion does not change significantly with exposure to 

the curriculum interventions.  In the incoming cohort, T0, 32.31% agree that lands should be used to 

generate as much wealth as possible.  After the classroom intervention, a smaller number of the Tc cohort 

                                                 
63  This claim is a generalization.  A small number of students are exposed to criticisms of capitalism, if they choose 
electives (e.g. Politics, Global Development, and Geography) in the Faculty of Arts and Science, or if they have had 
a progressive education prior to entering Queen’s.    
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agrees (30%), but after exposure to the classroom plus experiential intervention, Te agrees with the 

statement in greater proportion (37.50%) than T0 pre-invention.   

But, looking at the proportion of the cohorts that disagree, or tend towards openness to other perspectives, 

the interventions are shown to have a strongly positive impact.  For cohort T0, 20% tends towards 

openness.  With the classroom intervention, the proportion of Tc tending toward openness has doubled to 

43.33%.  Te’s exposure to both classroom and experiential curriculum has resulted in an even greater 

proportion (56.25%) of the class expressing greater openness, yet the percentage expressing less openness 

has also increased (to 37.50%) compared to both of the other cohorts.  Notwithstanding, the increasing 

differential between these poles indicates that the intervention is having a positive impact. 

Table 10: Question 40 Responses: “In today’s economy, we need to use lands in ways that generate 

as much wealth as possible.” 

 

The shift in the differential between more closed and more open highlights the impact of the 

interventions.  The classroom intervention results in a shift from T0’s -12.31 differential to Tc’s 13.33:  a 

gain of 25.64 points.  Looking at Te, the differential continues to grow, and at 18.75, documents a shift of 

30.06 points from the original T0 distribution.  For this question, even with the small datasets and lack of 

granularity, the sizable difference in differential between the T0 and other cohorts allows a fairly 

confident conclusion that the curriculum interventions are producing the desired outcome of greater 

openness to alternative perspectives.     

The interventions clearly encourage students to question the supremacy of wealth generation as a value. 

Looking at the Theme A questions in aggregate and individually, it is clear that cultural values are both 

deeply and sub-consciously held.  The goal of creating a curriculum that supports a critical reflection 
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upon values that obstruct the ability to engage with others is challenged by the fact that mining 

engineering as a discipline continues to be inextricably linked to corporate interests.   

5.2.3 Aggregated Results Theme C, Self-awareness 

The aggregated results for Theme C, Self-awareness, are shown in Figure 10.    

 

Figure 10: Aggregated Results Theme C, Self-awareness 

As shown in Table 11, for T0, Tc, and Te, respectively, openness (indicated by overall disagreement) is 

26.44%, 31.67%, and 40.63% while close-mindedness is 43.46%, 50%, and 39.06%.   

Table 11: Calculation of Differential between Openness and Less Openness - Theme C 
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The resulting differentials of -16.92, -19.33, and 1.57 are difficult to account for.  Looking for 

complicating factors, the number of students selecting the neutral response was considered: for cohorts Tc 

and Te, 18.33% and 20.31% respectively, chose the neutral response, while for T0, the proportion was 

much higher at 30%.  Even allowing that incoming students might be more tentative in their responses, 

the unexpected results were difficult to interpret as indicators of curriculum impact. This suggests that 

certain individual questions needed to be considered in greater detail.  Two questions, 6 and 23, are 

explored in the sections that follow. 

5.2.3.1 Question 6  

Question 6 asked for comment on the statement “No cultural group in Canada should receive special 

consideration.”  This question might as easily have been selected for discussion under the theme of 

Values because it pivots around a much-vaunted value of the dominant society, that of “equality.”  

However, this statement64 appeals also to a naïve and uninformed sense of “fairness,” by brushing 

complicating considerations of privilege and structural inequality under the carpet.  Felix Frankfurter, the 

American jurist put it succinctly, “…the worst form of inequality is the equal treatment of unequals,” 

(Dennis v United States, 1950). 

Table 12 shows that for T0, the cohort with no exposure to the curriculum intervention at the time of the 

survey, the percentage whose responses tended toward less openness (30.77%) was only slightly greater 

than those whose responses tended towards greater openness (24.62%)—a differential of -6.08%.   

                                                 
64 The statement was inspired by the researcher’s observations over the past five years of public debate surrounding 
Aboriginal land use and consultation questions (during National Energy Board consultation on the Enbridge 
Northern Gateway Pipeline) conducted in Canadian social media (reader comments in CBC News, The Globe and 
Mail and the Toronto Star).  It was observed that “equality” is consistently cited to justify elimination of Treaty 
funding, and of overriding Section 35 rights to consultation.  Equality is thus applied as a blunt tool to reinforce 
hegemonic control and inequity. 
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Table 12: Response Differential Question 6: “No cultural group in Canada should receive special 

consideration” 

 

The Tc group, which was exposed to the classroom intervention only, was overall even less open, with 

43.33% agreeing vs. 33.33% disagreeing.  The differential of -10.00, which is more negative than that of 

the T0 group, does not support the effectiveness of the basic curriculum intervention.  However, the 

results for Te stand out:  a majority of the Te cohort (50%) disagreed with the statement, indicating 

greater openness.  This compares to 25% whose agreement with the statement indicates less openness.  

The differential of 25.00 is much greater than for the other cohorts, suggesting that the enhanced 

intervention is effective in increasing student openness to cultural perspectives.  These results are shown 

in Figure 11. 
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Figure 11: Question 6 Differentials by Cohort 

In spite of its superficial simplicity, the statement posed in Question 6, “No cultural group in Canada 

should receive special consideration,” would seem to have been understood differently by the Te students.  

The magnitude of the difference between the T0 and Te differentials, a full 31.08 percentage points, is too 

great to attribute to any distinct characteristics of this cohort.  Rather, it suggests that the experience of 

learning with the Traditional Practitioner altered either this cohort’s understanding of the question or their 

response to it.  If the curriculum intervention is having the desired effect, students will have 

comprehended the distinction between equality and equity.  Future work to identify the precise 

mechanisms underlying the observed difference between cohorts will be critical to verifying the 

intervention’s effectiveness.  

At the same time, the exceptionally large percentage (nearly half at 44.62%) of T0 students who indicated 

the neutral position suggests that they may have been unsure or suspicious of the question’s intent.  
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Notwithstanding the clear effect of the curriculum intervention shown on the Te cohort, the results for 

Theme C, and for this question as an example, illustrate the challenge of designing survey questions to 

interrogate attitudes towards complex, contextually layered concepts.  It was possible for students to 

interpret the statement in superficial or nuanced terms, and the researcher had no way of being sure which 

approach individuals took.  The issue of how students conceptualize and reconcile the tension between the 

values of “equality,” a tenet of democracy, and that of equitable (or just) treatment, which is a tenet of 

social justice and intercultural respect, would be a compelling subject for future research with mining 

students. 

5.2.3.2 Question 23 

Furthering the exploration of cultural self-awareness, Question 23 asked students to take a position on the 

statement, “What is considered to be legitimate knowledge is dependent on culture.”  Epistemology is 

likely to be an unfamiliar field to most students (except perhaps those who completed the International 

Baccalaureate [I.B.] program).  The overall results are shown in Table 13. 

Table 13: Response Differential Question 23: “What is considered to be legitimate knowledge is 

dependent on culture” 

 

Note that Table 12 shows the original results for this question (i.e. original polarity before results were re-

polarized to align with other questions to facilitate aggregation), so here, agreement points to openness, 

while disagreement points to less openness.  For all three cohorts, the percentage of students agreeing 

with the statement was greater than for those disagreeing.  As can be seen in Table 13, for Tc and T0, 

overall agreement, overall disagreement and the differentials were identical, given the resolution of the 



157 

 

data.  Results for Te, however, are very different from both T0, the pre-intervention, and Tc, the 

classroom intervention cohorts.  With overall agreement at 68.75%, not only is a large majority of this 

group apparently aware that knowledge is cultural, the percentage is nearly double that of Tc and T0 

(36.67% and 36.92%, respectively).  While the numbers of students disagreeing is similar for all three 

cohorts at 23.33% (Tc), 18.75% (Te), and 24.62% (T0), the degree of uncertainty or ambivalence is high 

for the Tc and T0 cohorts, at 40% and 38.46% respectively, but only 12.50% of the Te cohort indicated a 

neutral position.  It would appear that the intervention with the Traditional Practitioner informed a more 

certain attitude to the question.   

Looking at the differentials for the three cohorts, shown in Figure 12, Tc and T0 are comparable at 13.34 

and 12.3.  Te again stands out with a differential of 60.   

 

Figure 12: Question 23 Differentials by Cohort 
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The effect of the enhanced curriculum as reflected in the differential is much greater than was expected.  

Outside the IB program, high school students in Canada are not typically exposed to the concept of 

knowledge as contested or relative, and thus, it was anticipated that this question may have proved 

difficult to comprehend for to many students.  Because the aggregated results for Theme C were unclear, 

Q23’s unequivocal results showing increased cultural openness were welcome. 

5.3 Analysis of Results Themes B and F, Respect for Diversity and Interest in Other 

Cultures 

Theme B, Respect for diversity and F, Interest in other cultures are complementary.  For this research, 

respect for diversity is theorized to embody acknowledgement of and willingness to consider alternative 

perspectives.  It does not extend either to deferring to or absorbing the perspectives of another culture into 

the student’s own worldview, rather it represents an uncritical acceptance of the standards expressed the 

legislated minimum human rights and diversity requirements for the workplace.  Acknowledgement of 

and willingness to consider alternative perspectives are explored through questions 14, 29, 32, 35, 36, 40, 

and 42, which present statements relating to acknowledgement of perspectives outside those of the 

dominant society and/or familiar within engineering culture.   

Theme F, Interest in other cultures, embodies an active, willing, respectful engagement.    

Questions in this theme are concerned with traits and attitudes associated with concepts of intercultural 

competence and intercultural intelligence, and with approaches to difference that are associated with 

relationships skills—dialogic communication and trust building.  In contrast to Respect for diversity’s 

external motivation, Interest in other cultures is internally driven.  It includes a positive and genuine 

interest in learning about and coming to understand people whose cultures may be reflected in attitudes 

and behaviours that initially seem puzzling.  This theme comprises the questions 5, 15, 22, 25, 39, 41, and 

46. 
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5.3.1 Aggregated Results Themes B and F 

As described earlier, aggregation required attention to question polarity, and inversion of responses from 

the original data where necessary to ensure that the implications of agreement and disagreement aligned 

for all questions.  In this pairing, for Theme B, Respect for diversity, Questions 29 and 36 have been re-

oriented so that polarity is consistent.  For Theme F, the polarity of all questions was re-oriented65.  Thus, 

at the point of analysis, for all questions, “Disagreement” points to greater respect for diversity and hence, 

greater openness.  The original data is available in Appendix B. 

As shown in Figure 13, when polarity-aligned responses to themes B and F are aggregated, all three 

cohorts tend towards openness.  Looking first at overall disagreement (indicating greater openness), the 

T0, Tc, and Te percentages are 68.35%, 65.33%, and 62.50% respectively.  This would seem to suggest 

that most students arrive in mining engineering quite interested in other cultural perspectives, and that our 

curriculum interventions actually decrease openness slightly.   

                                                 
65 The questions created for Theme F (5, 15, 22, 25, 39, 41, and 46) had all been presented in the positive voice.  
This oversight on the part of the researcher may have contributed to bias in the responses.  In future iterations, the 
questions will be revised to ensure a roughly equal distribution of positively and negatively framed statements. 



160 

 

 

Figure 13: Aggregated Results Themes B and F 

Looking next at overall agreement (less openness), the percentage for T0, Tc, and Te are 12.09%, 

28.57%, and 15.78%, respectively.  In view of the openness documented for all three cohorts, the 

relatively small percentage of students showing less openness in Tc and T0 is expected.  What is 

surprising is the much larger percentage of the Te cohort whose responses showed less openness.  This 

would suggest that the enhanced curriculum intervention is negatively affecting student openness to 

cultural perspectives.  Since this outcome is the opposite of the objectives of the curriculum, closer 

exploration of this phenomenon is required. 

As shown in Table 14, the differentials for the three cohorts, T0, Tc, and Te are 56.26, 49.55, and 33.93, 

respectively, confirming that both the incoming (i.e. pre-intervention) cohort and classroom only-

intervention cohorts are significantly more open to cultural perspectives than is the Te (experiential 

intervention) cohort.  This finding is unexpected and underlines the need to examine closely students’ 

experience of the enhanced intervention.   
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Table 14: Differential between Openness and Less Openness - Themes B and F 

 

5.3.2 Aggregated Results Theme B, Respect for Diversity  

The aggregated results for questions about respect for diversity as a distinct theme are shown in Figure 

14.  Recalling that disagreement with the theme’s statements indicates increased openness to the 

perspectives of other cultures, the results show that for each cohort there are more students who are more 

open than there are students who are less open. 

 

Figure 14: Aggregated Results Theme B, Respect for Diversity 
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The distribution of responses is interesting for this theme.  Overall disagreement (openness) was 53.63%, 

54.76%, and 62.50% for cohorts T0, Tc, and Te, respectively.  The greater percentage of students in the 

Te (enhanced intervention) cohort choosing the responses associated with greater openness, suggests that 

the intervention is effective.  However, overall agreement for the three cohorts, at 21.10%, 23.33%, and 

28.57%, for T0, Tc, and Te, respectively, implies the opposite.  

The change in differential as a result of exposure to the curriculum interventions was examined.  As 

shown in Table 15, the interventions have only modest impact on the differential.   

Table 15: Differential between Openness and Less Openness - Theme B  

 
 

For the Tc cohort, the differential actually shrinks slightly by 1.10% compared with the incoming cohort 

T0, as shown in Figure 15.  The experiential curriculum cohort Te, shows a similarly modest 

improvement of 0.90% compared with the pre-intervention cohort T0.  This result is insufficient to 

support any conclusions about the effectiveness of either the classroom-only or combined classroom-

experiential intervention.   
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Figure 15: Theme B (Respect for Diversity) Differentials by Cohort  

The differential between percentage of cohort expressing openness and that expressing less openness is 

near consistent across the three groups, with T0 at 32.53%, Tc at 31.43%, and Te at 29.93%.  Another 

notable difference in the three cohorts is the number of students who selected the neutral response.  With 

increasing curriculum intervention, this number decreased.  Over a quarter of the students in T0 (25.27%) 

indicated a neutral position.  For Tc, 21.90% chose the neutral response, but the Te group was more 

decided, with only 8.93% indicating a neutral opinion.    

5.3.2.1 Question 29 

Question 29 presented the statement, “Community concerns are legitimate.”  

Table 16 presents the data.  Students entering the program, T0, overwhelmingly agree with the statement, 

with 90.77% indicating their openness to community concerns.  Those disagreeing form a tiny minority of 

1.54%.  With exposure to the classroom curriculum, more of cohort Tc agrees at 96.67%, while Te, with 
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exposure to the experiential intervention, unanimously agrees at 100%.  The differentials between 

agreement (openness) and disagreement (less openness) follow a parallel steady positive growth with 

exposure to the curriculum.   

Table 16: Question 29 Responses: “Community concerns are legitimate.” 

 

In theory, the statement, “Community concerns are legitimate,” should require students to consider the 

culturally-determined drivers (values, attitudes, aspirations) of community concerns.  Ideally, it could be 

concluded that agreement is reflective of receptiveness to and respect for perspectives that may be 

unfamiliar and quite different to their own.  However, when considered against responses to other 

questions in the survey, notably those querying values and self-awareness, the strongly positive response, 

although welcome, does not indicate that students have thought very deeply about the implications of 

community concerns.  Rather, it suggests that they have almost unanimously accepted the merits touted 

by the “community relations” and “social engagement” trends within industry, without considering what 

it means to actually accept inherent legitimacy as a requisite of trust-building rather than as a concession 

to a deal.  

It must be pointed out that students might interpret the meaning of this question in different ways.  For 

example, here, the expectation is that students will interpret Question 29 to mean, “The concerns 

expressed by communities are legitimate,” whereas, it is possible that they may have instead interpreted 

the question to mean, “It is legitimate for a community to have concerns.”  Responses to this question, as 

to others, illustrate the limits of the survey approach for exploring thought mechanisms, particularly 

around complex dilemmas and highlight the reasons why quantitative methods are considered inadequate 

for explorations of the learning experience. 
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5.3.2.2 Question 14 

Question 14 asked students to express their level of agreement with the statement, “Many of the concerns 

of communities affected by mining stem from lack of education.”  This question was selected for closer 

examination because responses starkly contrast with those of Question 29, giving weight to the possibility 

that students interpreted Question 29 to mean that it is legitimate for communities to have concerns, rather 

than that the concerns themselves are legitimate. 

Agreement here, points to less openness, since attributing community concerns to lack of education does 

not indicate much insight into those concerns or willingness to consider them without prejudice.  For T0, 

44.62% agree, while only 12.31% disagree.  With exposure to the classroom curriculum, a larger 

proportion of the Tc cohort agrees, at 56.67%.  At the same time, a larger proportion disagrees at 20%.   

Disturbingly, after exposure to the classroom and experiential curriculum, an even larger proportion of Te 

agrees at 68.75%.  The proportion of Te that disagrees has diminished, albeit modestly to 18.75%.  

Recalling that the differential between proportions of those more open and those less open is a proxy for 

curriculum effectiveness, the results in Table 17 showing a steady negative growth in the differential with 

curriculum exposure, are discouraging.  These results illustrate the potential for well-intentioned but 

isolated interventions to fail to achieve their objectives, when there is inadequate support for 

contextualization of the experience.     

Table 17: Question 14 Responses: “Many of the concerns of communities affected by mining stem 

from lack of education.” 
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The small improvement in the proportion of students indicating a more open perspective does not 

compensate for the larger steady growth in the numbers of students whose responses indicate less 

openness, as they are exposed to the curriculum.  Possible explanations, which include: 

• The impact of technical courses, which may impress upon students the extent to which advances 

have been made in management of environmental risk 

• An unanticipated inverse effect of the curriculum, which will need to be identified and remedied 

are out of reach within the scope of the present work, but as part of the focus groups’ exploration 

of the student experience of learning, preliminary insights into these or other possible 

explanations may be obtained, and would inform future curriculum revision and development.   

Three conclusions can be drawn from responses to questions about respect for diversity: 

1. More incoming students are open to the perspectives of other cultures than not;   

2. Increased curriculum intervention appears to increase numbers of students more open to other 

perspectives, and 

3. Perversely, greater curriculum intervention appears to increase numbers of students less open to 

other perspectives, and these increases are greater than increases for more-open perspectives. 

From 2 and 3, the differentials post interventions Tc and Te are contradictory.  The small and inconsistent 

changes seen in the differentials, combined with the increase in closed- mindedness that correlates with 

exposure to curriculum, bedevil attempts to draw confident conclusions about the effectiveness of either 

the classroom or experiential intervention.  Even through the increase in close-mindedness is small, at 

2.23% for Tc and 7.47% for Te, the mechanism for this negative impact will need to be identified and the 

intervention adjusted to eliminate or limit its influence.  

5.3.3 Aggregated Results Theme F, Interest in Other Cultures 

The aggregated results for Theme F, Interest in other cultures, are shown in Figure 16.  Note that for 

Theme F, the polarity of all responses was reversed in order to facilitate aggregation with Theme B and to 
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allow the discussion to maintain consistency, i.e. disagreement implies greater openness, while agreement 

implies less openness.    

As shown in Figure 16, the aggregation of Theme F responses presents a similar picture to the Theme B 

aggregation with respect to openness: i.e. that students arrive in the mining engineering program 

overwhelmingly interested in other cultures, yet with enhanced curriculum intervention, they appear to 

become slightly less open.   

 

Figure 16: Aggregated Results Theme F, Interest in Other Cultures 

As indicated in Table 18, for T0, the incoming cohort, overall disagreement (openness) was 83.08%.  

With increasing curriculum intervention, overall disagreement decreased to 78.10% for Tc and 75.00% 

for Te.  The percentage of each group selecting agreement or strong agreement (indicating less interest in 

and openness to other cultures) was low and comparable at 3.08%, 5.71% and 4.46% for T0, Tc, and Te 

respectively.  
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Table 18: Differential between Openness and Less Openness - Theme F 

 
The differentials for this theme do not indicate effectiveness of the curriculum interventions.  For T0, Tc, 

and Te, respectively, the differentials are 80.00, 72.39, and 70.54, suggesting that if the curriculum 

interventions have any effect, they are negative ones.    

As for other themes where the responses were unexpected or puzzling, the percentage of students sitting 

on the fence was considered.  Here, a small percentage of T0, the incoming class (13.85%), selected the 

neutral position.  With increasing exposure to the curriculum the number of students selecting the neutral 

response increased: with 16.91% for Tc and a still larger percentage of 20.54% for the Te cohort.  

To unravel what is happening as a result of the curriculum intervention, individual questions for this 

theme were examined more closely.  The questions selected were 15, 25, and 39, which, together, 

illustrate contradictions that may contribute to the lack of clarity in the aggregated data. 

5.3.3.1 Question 15 

Question 15 presented the statement, “In my work as a mining engineer I must demonstrate to 

communities that are near mine sites that their concerns are heard and responded to.”  All three cohorts 

strongly endorsed this statement, and significantly, there was no disagreement whatsoever with the 

statement.  Table 19 shows the distribution among the three cohorts.  The incoming cohort, T0, is strongly 

committed to the statement with 96.92% of the class agreeing.  For the classroom-only intervention 

group, Tc, and experiential intervention group, Te, agreement (an indicator of greater openness) was 

unanimous at 100%.   

Recall that a shift in differential has been theorized to serve as an indicator of intervention effectiveness. 

For question 15, both levels of curriculum intervention shift the differential by 3.08 from the pre-
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intervention state, effectively moving the percentage of students in T0 who had been neutral about the 

statement to agreement. 

Table 19: Differential between Openness and Less Openness - Question 15 

 

This result would seem to indicate two things:  

1. As noted earlier, students come to mining engineering very interested in other cultures and with a 

strong, unequivocal sense of responsibility for treating communities with respect, and 

2. The classroom component of the curriculum intervention is effective in emphasizing this 

responsibility. 

These conclusions must be considered in light of the very small datasets and the strong possibility of 

positive response bias.    

5.3.3.2 Question 25 

Question 25 asked students for their opinion on the statement, “As a mining engineer, I can influence how 

the people in affected communities think of mining.”  As with question 15, students enter the mining 

engineering program strongly agreeing with this statement: 93.85% of T0 agrees.  With classroom 

intervention, Tc agrees more strongly at 96.67%.  But as shown in Table 20, after exposure to the 

experiential curriculum, the proportion of students tending towards greater openness has shrunk to 

81.25%.  What is interesting though, is that the proportion of students disagreeing with the statement 

remains unchanged at 0, irrespective of curriculum intervention.  Agreement for the Te cohort dropped 

when 18.75% shifted to the neutral position.  Since this phenomenon only occurred for the experiential 

cohort, the experience itself must be studied in greater detail.  
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Table 20: Differential between Openness and Less Openness - Question 25 

 

Acknowledging that a deeper examination of students’ experience of their time with the Traditional 

Practitioner might reveal unrelated or unanticipated external explanations for this shift, a probable 

explanation is that, after having heard directly from someone who compellingly articulated the misgivings 

of his community about mining impacts, student confidence in their ability to “influence how the people 

in affected communities think of mining,” has been deflated.  The shift to neutral rather than to 

disagreement would seem to suggest that their desire to be a positive influence remains strong, even as 

their confidence is challenged. 

5.3.3.3 Question 39 

Question 39 posed the statement, “When I talk with people who have a different point of view, I 

sometimes change my own point of view in response.”  The results for this question stand in sharp 

contrast to the preceding questions, and speak to a certainty and perhaps a tacit unwillingness to consider 

the legitimacy and merits of alternatives.  The results are shown in Table 21. 

Table 21: Differential between Openness and Less Openness - Question 39 
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The results track a small steady increase in the differential between openness and less openness with 

exposure to the curriculum.  A majority of T0—the pre-intervention group, (58.46%), agree with the 

statement, while only 13.85% disagree.  These results suggest that students arrive into mining engineering 

fairly willing to reconsider their current position in response to speaking to others.  With exposure to the 

classroom intervention, cohort Tc is much less open at 46.67% agreement.  This represents a drop in 

openness of nearly 12 points, much of this transferred to disagreement, which rose to 20%.  Finally, 

looking at Te, the cohort that was exposed to classroom and experiential learning, openness, as indicated 

by agreement with the statement, has recovered somewhat at 50%, but disagreement, the indicator of less 

openness, has barely budged at 18.75%.     

The small steady growth in the differential then, has to be considered against these contradictory 

numbers.  The proportion of each cohort selecting the neutral position shows little variation with exposure 

to the curriculum (for T0, Tc, and Te, the proportions are 27.69%, 33.33%, and 31.25% respectively), 

offering little insight into how students are processing their experience.   

As with all results reported, the small datasets preclude conclusive analysis.  Nonetheless, the shift away 

from openness towards less openness, however small, is concerning and warrants further exploration. 

5.4 Analysis of Results Themes D and E, Disciplinary Knowledge and Respect for Other 

Knowledges 

This pair of themes was designed to explore student attitudes towards the knowledge that is foundational 

to their profession and its culture, their attitudes to the knowledges that are central to other disciplines, 

and more generally and importantly, their attitudes to knowledges and cultures that exist outside the 

dominant culture.    

The process of training within professional schools (e.g., medicine, engineering, dentistry) is formative, 

as described in Section 3.1.2. The job of the student is not merely one of acquiring skills and knowledge, 

but of taking on a new identity as a member of the professional community.  This means that the student 

becomes immersed in, and absorbs the culture of his or her chosen community.  Attachment to 
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disciplinary knowledge is theorized to be particularly strong during the novitiate period, when the learner 

is seeking not only to acquire knowledge and master skills, but to adopt the identity of and be identified 

with a community of practice (Coutu & Wilmott, 2003). 

Bloor and Dawson’s (1994) definition of organizational culture is equally accurate as a description of the 

“professional culture” that must be absorbed by the acolytes in any professional school, “…a patterned 

system of perceptions, meanings, and beliefs about the organization which facilitates sense-making 

amongst a group of people sharing common experiences and guides individual behaviour at work.”  

Becoming part of the organization’s or profession’s culture challenges the individual to, as Bloor and 

Dawson suggest, deconstruct their own beliefs in order to absorb or adopt the behaviours modelled and 

demanded by the group.  The challenge of intelligently curating beliefs is daunting for young and aspiring 

professionals, and it has been shown that many respond to the challenge by wholeheartedly and 

uncritically “buying-in” to the culture of the group they seek to join.66  This is understandable since 

professional status is bound to mastery of its specialized knowledge base (Eraut, 1994), and faith in that 

knowledge base is an expedient way to identify as a member of the group.     

For professions that rely upon a scientific knowledge base, meanings and beliefs about science and the 

validity of its canon, are thus essential to the process of sense-making and identity construction.    

At the same time, while the themes of attachment to or faith in disciplinary knowledge and respect for the 

knowledges of other cultures, have been considered together here, the decision to do so was driven purely 

by curiosity.  The research that has explored the interaction of these two themes has come from the health 

disciplines, which have likewise been grappling with the dilemma of ethical, respectful practice in 

contexts of competing cultural knowledges.  There is no comparable research to chart the engineering 

professional’s navigation through these waters, so this pairing can be viewed as (in the terminology of the 

                                                 
66 Lesley Scanlan’s 2011 book, ‘Becoming’ a Professional, provides a comprehensive survey of the literature about 
the process of professionalization.   
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mining cycle) prospecting—digging around to determine whether there is sufficient evidence for future 

work on these themes within mining engineering. 

5.4.1 Aggregated Results Themes D and E 

The aggregated results for Theme D, Disciplinary Knowledge, and Theme E, Respect for Other 

Knowledges are shown in Figure 17.    

 

Figure 17: Aggregated Results Themes D, Disciplinary Knowledge and E, Respect for Other 

Knowledges 

The polarity of Theme E questions 3, 11, 17, and 48 was reversed to facilitate aggregation.  Across all 

questions then, disagreement indicates greater openness to the perspectives of other cultures, while 

agreement indicates less openness. 

Considering the two themes together, the positive influence of the curriculum interventions can be seen.  

With polarity-adjusted for cohorts T0, Tc, and Te, the overall agreement with questionnaire statements is 

38.97%, 42.89%, and 38.75% respectively, while overall disagreement is 31.08%, 37.78%, and 45%.  
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Thus, it is clear that the percentage of the class expressing openness increases with exposure to the 

curriculum.  Looking at the differential between the percentage of the class agreeing (less open to other 

cultures) and that disagreeing (more open), the curriculum effect becomes apparent, as shown in Table 22.  

Table 22: Differential between Openness and Less Openness - Themes D and E 

 

The differentials for the three cohorts are increasingly positive with exposure to the curriculum.  For the 

Tc cohort, the class is still dominated by those who are less open, but the gap has shrunk.  The Te group, 

which experienced the enhanced intervention, has a greater percentage of students who are more open to 

the perspectives of other cultures, than the percentage that is less open.  Figure 18 illustrates the shift in 

class makeup after the curriculum interventions.   
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Figure 18: Differentials by Cohort, Themes D and E 

As shown in Table 18, before experiencing any curriculum intervention, incoming class T0 has a 

differential of -7.89, meaning the class tends more towards close-mindedness than openness to other 

perspectives.  As the curriculum is experienced, the differential shifts modestly towards the positive (by 

2.78 points), with the Tc differential of -5.11 still indicating more students tend towards close-

mindedness, but the gap has shrunk.  The Te differential of 6.25, shows that after classroom and 

experiential intervention, the cohort shifted 14.14 points from the T0 differential to the point where the 

class consisted of more open-minded students than close-minded ones.  It is reasonable to conclude that 

the curriculum interventions are having the desired effect, and that the efforts involved in making the 

experiential component available bear fruit in the improvement shown in the Te cohort.  

How students think about their own knowledge, and those of other cultures are considered independently 

in the sections on Themes D and E that follow. 
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5.4.2 Aggregated Results Theme D, Disciplinary Knowledge 

The questions in Theme D asked students to indicate their level of agreement with statements about the 

knowledge that is foundational to their discipline.  The questions queried student confidence in the 

sufficiency of the engineering knowledge set to address complex and emergent problems. 

As shown in Figure 19, responses indicated that all three cohorts tended towards less openness.  Looking 

exclusively at attitudes towards the knowledge employed by their discipline, and given that attachment to 

and confidence in this knowledge creates a sense of sufficiency, which is, in turn, a disincentive to 

considering alternatives, the overall results are not surprising, even with curriculum interventions.  These 

attitudes indicate a naïve attitude to knowledge on the three Schommer dimensions of Structure, 

Certainty, and Control (See Section 3.2.4). 

  

Figure 19: Aggregated Results Theme D, Disciplinary Knowledge 

A closer look though, does point to the interventions having some success in challenging the supremacy 

of engineering’s knowledge base.   
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Table 23 shows that there is little openness to the knowledge of other cultures (13.19%) when students 

enter the program (T0).  Tc’s exposure to the classroom intervention results in a 10 point increase in 

openness (23.89%), while Te’s exposure to the experiential component results in an additional 10 point 

increase, with 33.93% expressing more openness.  This suggests that the curriculum interventions have a 

positive impact.  

Table 23: Differential between Openness and Less Openness - Theme D  

 

Table 23 also shows that the proportion of each cohort expressing less openness to other cultural 

perspectives does not diminish consistently with increases in openness as a result of exposure to the 

curriculum.  Tc’s classroom only component resulted in a roughly 3 point increase in the proportion of 

students less open to 57.78% from T0’s 54.95%, although, with exposure to the experiential invention, 

the proportion of the Te group that was less open shrunk by 10 points to 46.43% (or 8.52 points from T0).   

This theme illustrates the utility of the differential for evaluating the curriculum’s effectiveness. 

Figure 20 illustrates that Tc saw a positive shift of 6.87 points in differential from T0 as a result of the 

classroom intervention and Te saw a shift of 28.26 points from T0 when both classroom and experiential 

curriculum are delivered.  It can be concluded that the curriculum interventions are effective at 

encouraging a more open perspective. 
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Figure 20: Theme D, Disciplinary Knowledge 

5.4.2.1 Question 8 

In Question 8, students were asked to indicate their level of agreement with the statement, “Scientific 

knowledge is objective and universal.”  For this question, agreement with the statement indicates less 

openness, while disagreement indicates more openness to other perspectives.  The results are presented in 

Table 24. 
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Table 24: Question 8 Responses: “Scientific knowledge is objective and universal.”    

 

As shown, T0 students enter the mining engineering program, strongly in agreement (70.77%) with the 

statement.  After the classroom intervention, Tc is slightly more in agreement at 73.33%.  Te’s 

experiential intervention appears to have challenged students, as the number agreeing drops by nearly half 

to 37.50%.  At the same time, openness to other knowledges would appear to be positively affected by the 

curriculum interventions as the proportion of Tc disagreeing doubles from T0 to 6.67%, while for Te, post 

experiential intervention, overall disagreement climbed to 31.25%, a near ten-fold increase over T0.       

The differentials between these groups is less helpful as an indicator of curriculum effectiveness here, 

although the differential change from T0’s -64.69 to Te’s -6.25 represents a positive shift of 58.44 points, 

documenting a powerful change in mindset. 

5.4.2.2 Question 44 

In Question 44, the statement, “I am confident that mine water-monitoring standards are adequate to 

protect water quality,” is presented.  Table 25 presents the results.  Once again, agreement with the 

statement is interpreted as an indicator of less openness to alternative perspectives, and disagreement is 

interpreted as indicating more openness to alternative values and perspectives.  
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Table 25: Question 44 Responses: “I am confident that mine water-monitoring standards are 

adequate to protect water quality” 

 

From the results, it appears that T0 enters the mining program uncertain about water-monitoring 

standards, as only 9.23% agree with the statement.  52.31% disagree.  By the time they have had some 

exposure to the technical content of the undergraduate mining curriculum, they are more confident in the 

adequacy of water standards, with 43.33% agreeing and only 5% disagreeing.  Their confidence is shaken 

somewhat as a result of the experiential component of the intervention as indicated by Te’s 25% 

agreement and 30% disagreement with the statement. 

The differentials between the proportion agreeing and disagreeing show that the classroom only 

intervention does not, on its own, challenge this confidence, but that the experiential component does. 

This is another question that begs for a deeper discussion of how students interpreted it.  They certainly 

are less confident when they arrive than they are after experiencing both the classroom intervention and 

the experiential intervention.  Because students are gaining technical expertise concurrent with their 

exposure to the interventions, and because this question can be interpreted as referring strictly to the 

sophistication and reliability of technical systems, without knowing how it was interpreted, the results are 

only useful for the generation of additional follow-up questions.    

5.4.3 Aggregated Results Theme E, Respect for Other Knowledges 

Theme E’s aggregated results are shown in Figure 21.  Again, disagreement is an indicator of increased 

openness to the knowledge and perspectives of other cultures.  All three cohorts are characterized by a 
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tendency to greater openness than less openness.  

 

Figure 21: Aggregated Results Theme E, Respect for Other Knowledges 

Table 26 shows that increased exposure to the curriculum is correlated to diminishing openness.  Upon 

entry, 46.75% of students in T0 tended towards openness, while 25% of students were less open to the 

perspectives of other cultures.  With exposure to the classroom curriculum, Tc shows more students 

tending towards greater openness at 46.58% and more students tending towards less openness at 30%.  

With the additional experiential curriculum intervention, cohort Te has become even more polarized with 

54.69% of the group tending towards greater openness, and 32.03% tending to less openness.   
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Table 26: Differential between Openness and Less Openness - Theme E 

 

Although curriculum appears to have had a polarized effect on openness, this is correlated to a 

corresponding shrinkage in the numbers of students indicating the neutral response.  With exposure to the 

curriculum interventions, the number of students opting for the neutral response dropped steadily.  Prior 

to any intervention, 28.27% of T0 chose the neutral position.  After the classroom only intervention, for 

Tc, this proportion dropped to 20.42%, and after the experiential component, the proportion of cohort Te 

selecting neutral dropped to 13.28%.  While it has been noted earlier that selection of the neutral position 

by a larger proportion of the T0 cohort is consistent with their status and comparative lack of familiarity 

with the contexts for the questions, the slight increase in agreement across cohorts points to the 

curriculum having an inverse effect.  In this instance, the differentials do not help to understand the 

phenomena because they fail to capture the effect of the polarization between openness and closed-

perspectives.  Questions 17 and 21 were selected to try to account for the aggregated results. 

5.4.3.1 Question 17 

Question 17 asked students to comment on the statement, “There is a role for traditional knowledge in 

mine planning.”  Question 48 interrogated the same content with a varied sentence structure.  Note that 

the polarity of this question was reversed for aggregation.  Here, agreement indicates greater openness, 

while disagreement indicates less openness. 

The results presented in Table 27 add to the argument that incoming mining students see the necessity of 

accommodating or incorporating the views of cultures where they will work into mine planning.   
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Table 27:  Differential between Openness and Less Openness - Question 17 

 

All three cohorts are more open to traditional knowledge than closed to it, with overall agreement with the 

statement at 63.08%, 76.67%, and 62.50% for cohorts T0, Tc, and Te respectively.  Exposure to the 

classroom portion of the intervention appears to improve cohort Tc’s openness, but the enhanced, 

experiential component appears to have affected openness negatively, reducing Te’s openness to below 

the incoming pre-intervention level of T0.     

Looking at the differential between openness and less openness, Tc shows a sizable shift of 14.88 points 

from T0’s already encouraging 58.46 to 73.34.  But when the experiential component of the curriculum is 

added, the differential drops to 43.75, a near equivalent loss of 14.71 points from the original T0 

differential.  The increase in Te’s proportion of students disagreeing with the statement accounts for much 

of the shift—from T0’s 4.62% disagreement to Te’s 18.75% disagreement.  Concerning (and demanding 

further investigation) is the emphatic statement of disagreement:  whereas for T0 and Tc, there was some 

disagreement, for Te, not only did the proportion more than triple, most of this was strong disagreement 

(12.50%).   

This outcome was not anticipated.  The experiential component of the intervention was supposed to 

support the development of a more open perspective, and yet the evidence from this question suggests 

that students see a lesser role for traditional knowledge in their planning after the experience. 

So what is happening?  There would appear to be two possibilities: 

• Incoming students (T0) interpreted the question in the absence of any specific or practical 

knowledge of how they might actually incorporate traditional knowledge, which they similarly 

had no specific knowledge of.  Thus, the differential for T0 was large because it represents naïve 
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good intentions, unconstrained by any recognition of the inherent difficulties of reconciling the 

technical demands of modern mine planning with a holistic and non-linear sense of the 

environment captured in traditional knowledge.  Tc’s larger differential illustrates that the 

classroom curriculum, which introduces concepts such as corporate social responsibility, 

stakeholder rights, and equitable distribution of impacts and benefits, effectively nurtures 

students’ sense of responsibility.   

• The experiential intervention represents something of a brick wall.  Beginning with enthusiasm 

and commitment to championing a new, responsible and responsive approach to mining, students 

were knocked back when the reality of culture difference became clear in a workshop with the 

Traditional Practitioner.  Being taught by someone outside their cultural group, whose values and 

way of looking at and speaking about the world diverged so dramatically from their own, may 

have left students overwhelmed with the magnitude and sensitivity of the task.  Many may have 

concluded that the task is impossible, and not pragmatic to pursue. 

It was decided that the possible explanation for this phenomenon would be explored in the focus groups. 

5.4.3.2 Question 21 

Question 21 asked students to consider the statement, “Scientific knowledge is more valid and reliable 

than the ‘Local’ or ‘Traditional’ knowledges of the Indigenous peoples of the world.”  This question was 

selected for closer examination because agreement (that familiar knowledge is more valid than knowledge 

that may be unfamiliar) represents more than a tendency towards less openness, it is a formidable 

impediment to an unbiased consideration of other perspectives.    

Of course, it is expected that engineers value the knowledge for its utility, but it serves no end for them to 

be certain to the point of condescension towards knowledges that have developed from different 

traditions.  For this question, agreement is an indicator of less openness while disagreement suggests a 

greater tendency to openness.  Table 28 shows the overall agreement, disagreement and the differentials 

between the two for each of the three cohorts. 



185 

 

Table 28:  Differential between Openness and Less Openness - Question 21 

 
For T0, a larger proportion of the class is agrees with the statement (43.08%) and are assumed to be less 

open.  A much small number who disagree (12.31%) can be assumed to be more open to the perspectives 

of other cultures.  For cohort Tc, after the classroom intervention, there is a sizable jump in the numbers 

that agree to 60.00%, although there is a concurrent but smaller rise in the proportion of this cohort 

disagreeing at 16.67%.  Openness, as reflected in the level of disagreement, improves substantially for the 

Te cohort, jumping over 20 points (over 25 points from T0) to 37.5%.  The proportion that disagreed is 

moving from those who selected the neutral position, so while the data does not indicate that the 

curriculum succeeds in challenging perceptions that scientific knowledge is superior, it does succeed in 

persuading those who were unsure that it is not.    

The differentials present another ambiguous picture of how students are responding to the curriculum.  T0 

begins with a difference of -20.77 points between the proportions of students who are open and those who 

are less open.  Growth of over 4 points to 16.67 in Tc’s level of disagreement (openness) after the 

classroom intervention confirms the positive impact of the curriculum, even though the levels of 

agreement (60) and differential (-43.33—twice as large as for T0) contradict this.  Te’s disagreement 

(37.5), though, doubled from the Tc level and tripled from T0.  This question illustrates the extent to 

which the curriculum has asymmetric (and to-date poorly understood) outcomes.  There are indications 

that the curriculum is improving openness for some students, but the concurrent growth in the number 

who reject the validity of other knowledges, particularly for the classroom-only cohort, requires 

amelioration.    
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5.5 Summary of Survey Results 

As noted in Chapter 4, the results of the survey informed the development of focus group questions to 

invite a richer discussion of the values and perspectives that relate to students’ current intercultural 

competence and readiness or openness to skill development.   

The results discussed in the preceding sections support the following conclusions: 

• students  to many of the values of the dominant culture, especially the high value placed on 

creation of wealth and to the hegemonic narrative of equality (Sections 5.2.2, and 5.2.2.2) 

• students are confident that scientific knowledge that is foundational for engineering’s practice and 

worldview is legitimate, objective and universal (Sections 5.4.2, and 5.4.2.1) 

• students are quite confident in the capacity for this knowledge to model complex problems and 

for the profession to address problems, but they are less certain about managing long term 

environmental impacts ( Sections 5.4.2, and 5.4.2.2), and 

• students believe that education and “informing the public” will lead to support for industry 

(Section 5.3.2.2). 

With respect to the Robert M. Buchan Department of Mining’s vision of educating a more broadly 

defined “responsible” mining engineer, the survey produced a number of results indicating that students 

will be receptive to educational efforts: 

• they are cognizant of and concerned about social impacts of mining (Section 5.3.2.1), 

• they are very interested in learning about the cultures of communities where they will work 

(Section 5.3.3),  

• they respect the knowledges of other disciplines and the traditional (ecological) knowledge of 

Indigenous elders, and see potential for it informing mine design (Section 5.4.2.1), 

• they perceive community concerns as legitimate (Section 5.3.2.1), and 

• they accept responsibility for addressing community concerns (Section 5.3.3.1). 
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Focus group questions based on these findings were developed to encourage students to discuss these 

issues in greater depth and to prompt them to consider contradictions or dissonance within the set of 

positions they hold.  Focus group data is presented and analyzed in Chapter 6.  
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: Identification of Threshold Concepts – Analysis of Focus Group 

Data 

6.1 Introduction 

This chapter reports on the analysis of focus group data.  It begins with development of the questions, in 

particular the rationale (i.e. the clarification and information sought by questions), followed by a 

discussion of the issues influencing selection of the methods employed to analyze the transcripts. 

The chapter presents three candidate threshold concepts for learning that were identified through analysis 

of the transcripts, and discusses the implications of these potential thresholds for achievement of desired 

learning outcomes in the undergraduate mining curriculum, notably, the openness to the perspectives of 

different cultural communities and for design of educational experiences within the curriculum to support 

the development of intercultural competence.   

6.2 Development of Focus Group Questions 

Analysis of survey results presented in Chapter 5 revealed unexpected ambiguities and contradictions that 

suggested that curriculum interventions, which had been designed to support development of an 

appreciation for culturally determined perspectives about mining, had not been as effective in developing 

the insight and empathy as had been expected.  Analysis showed that although a majority of students 

entering the mining engineering program at Queen’s express an interest in, and willingness to consider, 

the views of culturally unfamiliar communities, some of this willingness seemed to evaporate after the 

experiential component of the curriculum, and their attitudes appeared to harden, or become less 

sympathetic to cultural differences.  Focus group questions were developed to explore possible 

explanations for these observations, and to obtain data from which threshold concepts might be 

provisionally identified, in order to refine/refocus the curriculum. 
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6.2.1  Rationale for Question Development 

It was determined that a warm up question and five substantive questions could be discussed comfortably 

in a two-hour focus group.  The six questions developed to frame the discussion follow: 

1. Thinking about your early life and schooling, could you talk about any influenced your decision 

to pursue higher education and to study engineering in particular? 

2. In the final year of your professional training, you have already acquired a broad base of 

knowledge and a suite of skills that will form the foundation of your engineering practice.  Could 

you talk about your confidence in this knowledge?  (Its basis, its fallibility, its specificity, 

limitations, etc.).  How do you know it is correct?  

3. Thinking about engineers you have met and summer jobs you have held, describe the values that 

you associate with engineering success. 

4. Thinking about the changing context for mining, especially the intensified scrutiny on community 

relations from governments and civil society, what personal attributes do you think engineers 

need in order to contribute to better relationships between companies and communities? 

5. Have you encountered criticism from people outside the field about your choice of career or 

industry performance?  Did you feel prepared to respond?  How do you or how would you 

explain your role in the industry to someone who was opposed to mining? 

6. Do you anticipate opportunities within your future practice as a mining engineer to build mutually 

better understanding between industry and communities? 

Question 1 was conceived of as an “ice-breaker” or warm-up, inviting students to begin to talk 

themselves, while Questions 2 to 6 were designed to understand the ambiguities and inconsistencies 

revealed in the survey.  By posing these questions, and encouraging follow up to each other’s comments, 

the researcher scaffolded a discussion of how students, nearing the end of their studies (importantly, 

having experienced the fourth year sustainability course), define responsible engineering, and how they 
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conceptualize their role as professionals to ensure that the extractive sector respects the views of affected 

communities.  

6.2.1.1 Question 1 

Question 1 does not challenge any thoughts students may have as engineers as its focus predates their 

enrolment at Queen’s and their enculturation as mining engineers.  The subject of Question 1 also 

intended to create trust in the focus group process, to encourage open and candid discussion.  Question 1 

neither sought nor obtained insight into the effectiveness of the curriculum intervention; notwithstanding, 

with answers that concentrated on the topic of motivation in student’s career choice, the discussion that 

emerged was interesting and may offer value to the Department as it seeks to maintain a healthy 

enrolment.   

6.2.1.2 Question 2  

Question 2 asks students to pause and reflect upon the Disciplinary Knowledge that they have spent four 

years acquiring and which they will use daily.  From Section 5.4.2, it was shown that all three datasets 

tended towards less openness to alternative perspectives respecting knowledge, but that, with exposure to 

the curriculum interventions, overall openness to other perspectives increased.  When survey questions 

were examined individually though, the picture became ambiguous.  The level of openness, as indicated 

by student agreement with the statement, “Scientific knowledge is objective and universal,” was strong 

upon entry, and remained strong after the classroom intervention, but, as shown in Section 5.4.2.1, 

disagreement also increased with exposure to the curriculum interventions, suggesting that many students 

actually did become more open to considering other perspectives with increased exposure to the 

curriculum. Similarly, looking at Respect for Other Knowledges, results from Section 5.4.3 show that 

openness to other knowledges increased after the classroom intervention but diminished after the 

experiential intervention.  Question 2 seeks more information about sources of these ambiguities. 
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6.2.1.3 Question 3 

Question 3 asks students to talk about the values they associate with engineering success.  This question 

sought to clarify the ambiguities that emerged in the survey (see Section 5.2.2).  Aggregated results for 

questions relating to Values, showed a modest increase in the number of students tending to be more 

opening (i.e. speaking of values related to openness) after the curriculum inventions, yet the number of 

students resistant to openness changed very little.  Responses to Question 2, “People who oppose mining 

generally don’t understand it,” discussed in Section 5.2.2.1, show that the curriculum interventions have 

very little effect on openness, whereas responses to Question 40, “In today’s economy, we need to use 

lands in ways that generate as much wealth as possible,” show that the number of students who disagreed 

with the statement varied with increased exposure to the curriculum interventions (Section 5.2.2.2).  The 

conflicting answers suggest that students’ own cultural values, i.e. Western capitalist values, are deeply 

ingrained, and perhaps they have difficulty conceiving of other values.  This question seeks to determine 

whether by the time students near graduation, the curriculum interventions have had an effect. 

6.2.1.4 Question 4 

Similar to the content of Question 3 above, Question 4 asks students to speak in aspirational terms about 

the attitudes they think engineers should have in order to contribute to better relations between 

communities and companies.  This question sought to inquire whether, by graduation, students had 

assumed a sense of professional responsibility for the creation of respectful relationship, or whether they 

continue to conceive of roles in silos (i.e. the full responsibility for relationship with community falls to 

CR staff and others, while the engineer sticks to traditional, detached technical responsibilities).   

6.2.1.5 Question 5 

Students enter the undergraduate program largely convinced that community concerns are legitimate 

(Section 5.3.2.1), and after the experiential curriculum intervention they agree 100%, and the same 

pattern of high levels of agreement becoming 100% agreement is seen for Question 15, which asked “In 

my work as a mining engineer I must demonstrate to communities that are near mine sites that their 
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concerns are heard and responded to” (Section 5.3.3.1).  At the same time, their sense of being able to 

influence a community’s (and the public’s) perception of mining diminishes with exposure to the 

curriculum interventions (Section 5.3.3.2).  Question 6 seeks to understand how students have come to 

reconcile the responsibilities they feel with the sense of futility implied in Section 5.3.3.2. 

6.2.1.6 Question 6 

Asking students whether they anticipate opportunities to contribute to building better relationships, 

Question 6 queries whether they have, as a result of the interventions in MINE 201 and later in MINE 

422, come to see the role of the mining engineer as having a social component.  The question does not ask 

about their perceived capacity to effectively take on this role, simply whether they anticipate the 

opportunity arising.  In this, the question seeks to learn from students what their sense of being a mining 

engineer is in the twenty-first century, and seeks to confirm the unanticipated, and troubling results 

obtained in Section 5.4.3.1, which showed that, after the curriculum inventions, students saw less of a role 

for traditional knowledge in mine planning.   

A representative sample of focus group data (anonymized discussion of Question 6 by Focus Group 3) is 

included in Appendix F. 

6.3 Analysis of Focus Group Data 

As described in Chapter 4, focus groups generate raw data in the form of transcripts of original audio 

recordings.   

To permit analysis of the data that distinguished groups and participants, while protecting participant 

privacy, the following labelling convention was adopted: 

• Focus groups were assigned a unique number (1 through 4) 

• Participants within each focus group were identified as “A,” “B,” “C,” “D,” or “E” in sequence, 

according to first contribution to discussion 

• Researcher comments were labelled R 



193 

 

Thus, in the transcripts, each participant comment is identified by a unique label of the form:  

  “na” 

where  

“n” is the group number, and  

“a” is the alphabetic group participant identifier.   

As described in Section 4.6.6, the analysis of the focus group data was performed in two passes. 

6.3.1 First Pass – Thematic Analysis of Raw Data  

The first pass employed a thematic analysis (described in Section 4.6.7) of the raw data, to identify 

patterns in the responses.  Following the Massey process, for each transcript, sentence fragments and 

phrases that were repeated during the discussion were identified.67  Synonyms and phrases that captured 

related concepts were grouped together.  This process was repeated with each of the four groups, and then 

the group results were combined.   

Appendix F shows the raw data for Focus group 3’s responses to Question 6.  Highlighting illustrates the 

phrases and topics that emerged as patterns in the first pass.  

Responses were not separated by question.  The conversation that occurred in the focus group setting was 

highly fluid and participants frequently referred to responses to earlier questions in their answers.  Thus, 

the transcripts were analyzed in aggregate.  

Several themes (which, as the reader will see, are quite inter-related) emerged from this analysis, and 

these showed remarkable consistency across the first three groups.  The fourth focus group (students who 

were one year older than their peers because they had taken time between third and fourth year to 

complete an internship) expressed many of the same concerns but their answers revealed greater 

sophistication—incorporating more information and insight and more reflection in their thoughts.  

                                                 
67 Some researchers use the technique of transcribing dialogue so that each statement appears on a separate line and 
then cutting the paper transcripts into slices to facilitate physical sorting into piles of like phrases.  Here, all analysis 
was accomplished electronically using MSWord’s highlight feature.  As the researcher became more familiar with 
the data through subsequent passes through the transcripts, repetitive patterns began to emerge.  Sorting was 
performed electronically using MSExcel. 
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As described in Section 6.2, the questions sought to explore ambiguities in the survey data, including 

student confidence in the epistemic foundations of the engineering profession; however, the researcher 

failed to direct the discussion towards this end.  Instead, students consistently returned the discussion to 

their own values and integrity as professionals, their solemn commitment to “do the right thing,” a phrase 

that came up often.  No student questioned the knowledge learned and applied in engineering, but those 

who had held summer jobs or internships at mines, had developed strong opinions about the skills they 

employ.  The cohesiveness of each of the groups created a double-edged sword of sorts.  On the one hand, 

students’ trust in each other led to lively and spontaneous discussion, which contributes to confidence in 

the authenticity of their responses.  On the other hand, this camaraderie and the high value they place on 

“the team,” may have contributed to their difficulty grasping the meaning of reflection on knowledge.   

Phrases such as, “liking to solve problems,” and, “learning to learn,” came up often.  Students were 

modest, even humble about their abilities, and about how much they know, yet they were very confident 

that they have been well prepared to find out what they need to know in order to any solve problems they 

may encounter.  Questions of whether their education is founded in valid knowledge or whether 

knowledge might be a relative concept seemed far outside their awareness.   

Only looking for articulated (Section 4.6.7.1) and attributed data (Section 4.6.7.2), several discussion 

themes emerged: 

• Frustration and a sense of being misunderstood and unappreciated 

• The value of science and technology literacy 

• Education as the key to social license 

• Openness to alternative views and approaches 

• Trust  

• Responsibility 

• Communication 

• Relationship 

• Stewardship 

• Humility 

• Consumption 
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• Complex problem domains 

6.3.1.1 Frustration and a Sense of Being Misunderstood and Unappreciated 

The term “frustration” was not used, but an examination of the transcripts shows that mining students are 

deeply frustrated by the ways in which they are perceived by the broader public.  Allowing for 

perceptions of mining being “ugly,” as 4B said, students fully acknowledge mining’s legacy of 

environmental degradation and human rights abuses.  Notwithstanding, they bemoan the fact that outside 

their field, the significant progress towards protections of human rights and the environment that has been 

made over the past twenty years, is unknown and that their own commitment to making things better is 

dismissed.  4B talked about taking a course in which students from Global Development Studies were 

partnered with students from engineering.  He recalled: 

…so like I was the only mining engineer there, there were a bunch of civil students and some 
from mechanical and Engineers Without Borders were there too. And the Development students 
were really open to working with those people but with me they were just kind of like “Ewww 
mining…” 

Listening to the audio recordings of the focus groups, it is reasonable to conclude that some students feel 

unfairly judged, perhaps even hurt and resentment, given the low estimation in which they are held by 

those outside the field.   

6.3.1.2 The Value of Science and Technology Literacy  

Speaking about their reception by others, students in the focus groups were of the opinion that the main 

reason industry is (in their view, unfairly) maligned is that the public is poorly informed and lacks a 

grounding in basic science.  In comments about encounters with members of the public and students from 

other disciplines, focus group participants expressed disbelief in others’ lack of basic awareness of where 

raw materials come from.  Tying in with the frustration they feel about being appreciated, they feel that a 

lack of education as well as a failure by the media to address public misinformation are at fault.   

As noted, students in the focus groups could not be coaxed into reflection on the sufficiency of 

engineering’s cultural epistemology, but the opinions they expressed about the perspectives of students in 
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Environmental Studies, Global Development Studies and Sociology suggest that they are quite convinced 

that as engineers they have a better understanding (or least more accurate view) of the world than do 

others.  A few focus group participants made jokes about the lack of basic science literacy of students in 

these disciplines, “scientifically and technically naïve,” as one student put it, and this is very troubling.  

Focus group participants reported that students in other disciplines spoke to them using terms such as 

“rapers and pillagers,”  “evil,” “just after money,” and even “…part of this huge conspiracy theory to 

destroy the environment” (1E).  Even if joking is a defensive response, dismissing the legitimacy of 

criticism because it comes from those who do not have the privilege of an engineering education, reveals 

that undergraduate mining students lack an effective strategy for creating and engaging in dialogue.   

6.3.1.3 Education as the Key to Social Licence   

Although the focus group participants stated that they understand that values differ among cultural 

groups, their comments indicate that this understanding is superficial.  Presumably, they recognize the 

visible (preferences respecting etiquette, dress, and ceremonial practices) aspects of culture, but there was 

no evidence that they associate values with culture as much as with lack of education.  Similar to their 

assessment of the beliefs of their peers in other disciplines, students seem to believe that rejection of 

proposed projects by Aboriginal peoples is primarily a function of education.  They seemed unanimous in 

thinking that education about modern mining methods, the improvements in safety and environmental 

performance, and opportunities for employment and community investment, will bring dissenting 

communities onside.  

Comments from some of the students in the post-internship group indicated a deepening understanding.  

A contract dispute respecting enhanced workplace benefits was cited by 4A as exemplifying culturally 

distinct values.  The mine employed many Aboriginal workers as well as non-Aboriginal workers and a 

dispute arose around the union’s intention to press for enhanced supplementary medical benefits:  the 

Aboriginal workers were not interested in these benefits because they did not expect to use them, but they 

wanted enhanced bereavement leave because their conception of kinship is much larger.  The student who 
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presented this example noted that it made her think about how deeply held values came into play in the 

workplace.  Student 4D remarked that building relationships required learning more about the culture and 

motivations of people, reflecting that the mine sometimes had difficulty ensuring that workers arrived on 

time because of issues including substance abuse.  She suggested that the different conception of time 

within Aboriginal culture might be another factor, but student 4C, who had been on internship, was 

unwilling to think about the values behind overt behaviours, responded this suggestion with a loudly 

scoffed, “Indian time!”  4C was unique among the twenty participants in his refusal to respect (even 

superficially to project a positive image in the presence of the researcher) Aboriginal perspectives, “It’s a 

very different culture and trying to mix the two just creates huge problems.”  For most students though, it 

was clear that they feel an obligation to learn about and to appreciate Aboriginal culture.  4D, as well as 

4A, demonstrated developing intercultural competence with their concern for community struggles: 4A, 

saying of working with Aboriginal people, “you need to know how they work—it’s like cultural 

ergonomics—you have to fit into them, right?”  The openness that other groups cited as a quality 

associated with successful engineers was nascent in most students post-internship.  2D believes that 

mining would be acceptable but for ignorance: 

I think we listen more than people in the old days used to but sadly because we have a technical 
background we think everyone understands the matter of whatever they’re protesting and most of 
the times people are you know protesting or not happy because of about stuff they don’t really 
know about, not because they’re against it but because they don’t know anything about what’s 
going on. 

 

2D said “we have work with them to educate them fully on what mining is…,” while 2B said: 

…since I’ve started mining engineering I’ve tried to find people who think negatively about it and 
see why they think well mining’s bad and everything and most of it is because they don’t 
understand what it is they get all their information from the wrong sources likely the media or 
people who don’t know what they’re talking about, right? 

6.3.1.4 Openness to Alternative Views and Approaches   

Including explicit references to “humility,” “flexibility,” “willingness to take a different approach,” and 

deferring to others, students emphasized willingness to consider alternative views as value they believe in 
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strongly.  Both in describing their own approach to work and the values they associated with successful 

engineers, openness came up frequently.  Student 4D put it thus, “…they need to be able to look at both 

sides.”  Speaking about their ability to reflect on what they have learned, 2E said, “…I think our 

perspective isn’t the whole perspective…”  

Students talked a lot about teamwork and the power of harnessing multiple perspectives on a problem.  

1B talked about “…bringing everyone’s strengths together and learning from people who have done it 

before…”  

Speaking of values associated with engineering success, 1C said, “being open to others’ input and 

collaboration is really really big,” and 1E said, “My main one was like having an open mind.”  1D said, 

“…you learn more from each other and you come up with a better solution together than you would have 

as an individual.”  1E also spoke of the value of openness:  

…being able to know that you are limited to what you understand by what you what you know 
but as soon as you start working with another person and accept their ideas and collaborate with 
them you’re opening yourself up to a huge and a whole other range of experience and whole other 
range of  just different thought processes and different from your life and what you’ve 
experienced and I think that’s just huge: being open minded and willing to accept that maybe 
what you were thinking or how you were going to do it was wrong or not the most efficient  or 
accurate… 

It is important to note, however, that when they spoke of openness, students spoke only of openness to the 

views of those within closely related cultural groups – other engineering students, authority figures, other 

scientists, the miners underground.  None of the focus group participants spoke of openness to the views 

of those who lacked a mining education.  There is not sufficient evidence to conclude that students reject 

wholesale the perspectives of those outside industry, but an argument can be made that their openness hits 

a brick wall at culture, even though students themselves only recognize this as education. 

6.3.1.5 Trust  

Intertwined with discussions of openness was the value of trust and a strong belief that trust—building 

trust through actions and accountability—is a quality they associate with engineering success.  They 

explicitly noted that successful engineers and engineering had to gain the trust of members of different 
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cultural groups (notably, the miners, who they say, do not as a rule respect the engineering staff).  2C 

said, “…we have a long history of individuals who weren’t truthful with people and that’s why it’s 

changing because now people they want to do the right thing and keep people happy because at the end of 

the day if people aren’t happy then your operation isn’t going to run very smoothly right? …”  

2D said, “…often times them think the company is lying to them. Again, mistrust because of the way 

people mistreated them back in the day, right?”  Later in the discussion, 2B commented that working 

prototypes of relationships are needed, because: 

…right now we don’t have that because we have a long history of individuals who weren’t truthful 
with people and that’s why it’s changing because now people they want to do the right thing and 
keep people happy because at the end of the day if people aren’t happy then your operation isn’t 
going to run very smoothly right? It’s good for everybody.   

2A observed: 

If you could say to someone from a mining operation in the Ring of Fire and you take them to 
somewhere in Northern BC or you bring someone from Northern BC to the Ring of Fire you could 
see hey look this is what we’ve done here and it’s working great and the community is really 
behind it and the person could look at it and you know what, I trust you because you could do that 
with my community. 

4A captured the broader problem of trust that is an inevitable accompaniment to industrial developments 

that modern lifestyles depend on, and implications for individual engineers:  

I think there’s a difference personally between engineers and the corporations they work for, but 
they all kind of distrust each other.  From what I understand, the miners don’t trust the engineers.  
That’s fine—I get it. The development community doesn’t trust the companies – they see them 
more as corporate entities than composed of people. 

6.3.1.6 Responsibility   

Even among students who had not yet held a mining job, the theme of doing the right thing was strongly 

expressed.  Students talked about being responsible for acting ethically, of mining in a way that brings 

benefits to communities, of keeping the miners safe, and of obtaining minerals in ways that are less 

harmful than they were in the past.  1E linked personal practice with corporate level responsibility: 

…every time you are working with people from a different community you learn about them, you 
form bonds, you form friendships that will just multiply out.  No matter where we go, no matter 
what jobs we have, we’re probably going to be with different, we’re definitely not going to be with 
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the people we’ve been working with um so it might be with people who don’t speak English, or 
English is their second language so we’ll have to learn how to work around that so I think that as a 
mining engineer on a basic level Yes no matter where you go, right from the get-go you’re going to 
have to be working with these people and I think that if everyone is respectful and tolerant  then 
only good things will come out of that constantly working together and hopefully as we move up in 
our careers and end up being like heads of (laughter) bigger groups or CEOs than we can 
eventually instill that corporate social responsibility through the ranks  of people in the company 
and I think that constantly we’re going to be able to build this better understanding – I think it’s just 
inevitable. 

6.3.1.7 Communication 

2D said, “…we need to talk less and listen a little more.”  In every group, effective communication and 

“people skills” were emphasized as being critically important for engineering success.  Students talked 

about the communication skill of engineers they respected, but some students indicated that they did not 

feel equipped to communicate effectively about sensitive issues:  2E said, “I feel like as engineers we’re 

encouraged to have 2-way conversations about stuff and when you’re talking to someone who’s really 

against mining or whatever, it’s a really idealistic one way street.” 

1D said “I feel very confident in my communication skills and you know all the background things that 

you learn as a result of going through the courses, doing all the assignments, projects, group work, 

problem solving all that sort of stuff.”  1C had this to say: 

…communication skills: really really big. I mean I think that’s big in any industry but I think it’s 
really big for engineers because often times if we’re dealing with people who aren’t engineers we 
may be you know trying to explain concepts or decisions things like that you know we may have a 
deeper understanding of the technical stuff but we need to be able effectively to communicate that 
to others so I guess in the most simple clear concise way that we can um but being able to 
communicate that is really big and I noticed especially this summer, um I think it’s even more true 
in the mining industry and I don’t mean to be somewhat insensitive but um we a lot of people who 
are in operations and you know have grown up they are third generation miners you know  they’ve 
been living in a small town their whole life and  so you know being able to effectively 
communicate to that sort of  a different type of  people who well …different from what we are used 
to being here at Queen’s in engineering so being able to get your point across is really really big 
because like ultimately you can be the best smartest engineer in the world but if you can’t 
communicate your ideas to others then it doesn’t do any good. 
 



201 

 

6.3.1.8 Relationship 

Most notably in the post-internship group, there was a repeatedly stated recognition of the importance of 

building trusting relationships.  While students in the other groups made passing remarks about the 

importance of relationships, it appeared that the internship experience had caused this value to be better 

understood or more deeply held by this group.  This was apparent in their use of examples to support their 

opinion.  1B said 

Um absolutely, um I’ll have opportunity to build better relationships with community and 
industry—it’s almost an obligation—we’re aware of our responsibilities and we’re kind of the 
relationship between the community and the mine is kind of the front page of a story that gives the 
bad rap to the mining engineering, er, mining industry so I think that’s a great place to start and 
going forward like say in the last 5 to 10 years, things started getting better and I just am as we go 
forward we’re just going to have continue to build these relationships and open and understanding, 
um mutually beneficial um and as long as we keep the lines of communication open we’re open to 
input not only from the community but like everybody we’re looking at a good future for us. 

Answering Question 4, 1C said, “and initiative and a desire to go out and interact with the local 

community and to want to hear what they have to say and like want to build a relationship that’s going to 

be mutually beneficial cause at the end of the day that’s just what’s going to make everyone happier.” 

1C spoke about an appreciation for the environment that had grown from summers spent in the wilderness 

(in fact, at rehabilitated mine and forestry sites).  He has managed to convey his deep regard for the 

environment to members of the nearby community, to build trust in commitment to stewardship and his 

own integrity, and recounts a comment, “…we want someone like you who’s had the experience that 

you’ve had and who knows like this is a very unique and special place that you visited, you wouldn’t 

want to rip those up and destroy them so that they’re never the same again,” which illustrates the potential 

for competent intercultural communication to allay fears and open doors to dialogue.  

6.3.1.9 Stewardship 

Students see themselves as stewards of the environment.  This self-concept stands in sharp contrast to the 

way they report being perceived by students in other disciplines (notably Environmental Studies) and 

probably accounts for their frustration.  They share affected communities’ concerns for environmental 
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protection and many spoke about their own personal relationship to the environment.  They believe that 

the mining industry of today bears no relation to the industry of the past but that industry is responsible 

for acknowledging past failures and breaches of trust.  Students acknowledge that their own relationship 

to land is because of their upbringing, different than that of people whose lives are intimately entwined 

with nature.  2A recognized that stewardship means different things to different people: 

…and I think like the mining industry is getting a lot of scrutiny about its environmental impacts 
because there are people who you know don’t give a shit about mining but they really care about 
protecting the environment and what’s theirs and what they’ve always known, they live in the 
environment, stuff like that and it’s really hard to kind of to think that way, like I’m not going to 
put this in a negative way but say if you live in the city your whole life it’s hard to place certain 
values on wildlife and other parts of the environment that others swear by and wouldn’t live 
without. 

At the same time, there was no evidence in the discussions that students recognize that their conception of 

stewardship is culturally constructed and a function of their belief in science. 

6.3.1.10 Consumption  

A dominant theme that occurred in tandem with frustration over lack of respect, was the responsibility of 

the broader society for its consumption habits.  Students expressed in various ways, their frustration with 

dichotomies respecting consumption.  Extrapolating or inferring from their comments, they see 

themselves as tasked with providing ever more raw materials for consumers who accept no responsibility 

for the environmental and social costs of acquisition, and who blame them when incidents such as the Mt. 

Polley dam failure occur.  They are at a loss for responding to the contradictions and hypocrisy they see 

around them.  1C observed that members of the civil society organization where her mother works, claim 

to be committed minimalist bike riders, but travel around the globe every other week.  

4D spoke about the debate surrounding the Pebble Mine proposal, and highlighted the capitalist dilemma 

that mining engineers may find themselves in the centre of:  

The question comes down to should we develop our copper mine (perhaps at the cost of this 
incredible fishery) but maybe there’s another copper deposit that isn’t near a delicate ecosystem:  
Oh but then the OTHER GUY would make the money, so that’s what keeps coming back to and it 
isn’t about mining at all!  
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Student responses respecting education as key to social license were considered to support this theme 

because, in the examples of arguments students offered when challenged about mining’s impacts, they 

regularly cited the more frivolous (e.g. iPhones) material trappings of modern life as justification.  

6.3.1.11 Humility 

This theme was apparent even before the formal thematic analysis was performed.  Students employed 

this phrase in their discussions in every focus group.  It is clear that, along with confidence, they have 

developed an awareness that no one can know everything and they value honest acknowledgement of this.  

1E said, “most people that I’m close with in engineering actually have humility cause like no one feels 

that they are very smart and they know it all —you may feel like you’re good at one class or you know 

what’s going on in one subject, but you KNOW there are people who understand other things better than 

you.”  A little later, 1D responded,  

Now that we started talking about humility all of the engineers I know including my uncle who is 
the one engineer in my family, he is the most humble person I know um and thinking back to my 
job last summer all the senior engineers were humble people and I never noticed it until we started 
talking about it.  As we say go down the ranks I’d say not that people are less humble but I don’t 
notice that quality as much in those people and that’s interesting to me…I’m starting to think about 
that now… 

3C commented on the importance of admitting mistakes with humility, especially when talking to the 

miners, “…‘I’m sorry. You were right and I was wrong – Um I’ve learned now I ‘ll do it right next time’  

- it’s the same things right? Getting off your high horse and just getting down to everyone’s level of 

understanding – live with what their background is and what their knowledge base is.”    

1A summed up with,  

…all these qualities are kind of just who a leader should be. And going out into the field we are 
going to be, pretty quickly, we’re going to be meeting other people and our ability to communicate, 
our open-mindedness, and ability to be humble and at the end of the day come up with a solution 
that meets everyone’s needs is the ultimate goal. 



204 

 

6.3.1.12 Complexity and Uncertainty 

Students are eager for the certainty of the “right answer,” even though most problems outside the 

controlled environment of the laboratory are complicated by multiple factors that have unpredictable 

impacts.  Some of the students who had had mining jobs, the internship group in particular, spoke quite 

thoughtfully about their understanding of problem solving and changing concepts of a “solution.”  They 

pointed out that in the first years of their training, assignments asked them to produce solutions to 

bounded problems and that for various reasons, including their own laziness and pragmatic allocation of 

effort, the habit of expecting a single tidy solution was difficult for many students to shake off as they 

neared graduation.  They spoke about perceiving a chasm between the approach to learning that they 

brought back after work/internship and that of their peers who had not had workplace experience.  They 

were emphatic that the workplace had taught them to seek and be comfortable with effective approaches, 

while they saw their peers asking professors to provide more and more guidance in the hope of bounding 

the answer space.    

6.3.2 Second Pass – Identifying Threshold Concepts from Discussion Themes 

Threshold Concept’s theory of conceptual thresholds/impediments to expanded understanding was 

described in Chapter 3 and the rationale for its selection as a tool for secondary analysis of the focus 

group data was presented in Chapter 4.  With its capacity to support tertiary education68, and explicit 

acknowledgment of differences in disciplinary pedagogies, Threshold Concept Theory, i.e. the search for 

and identification of potential thresholds related to development of intercultural competence, was applied 

to the data and processed into themes (Section 4.6.6). 

In the second pass, thematic analysis was again performed, this time on the discussion themes that 

emerged in the first pass, described in Section 6.3.1.   

                                                 
68 The Enhancing Teaching and Learning Environments in Undergraduate Courses project involved multiple 
universities across the United Kingdom. Its aims were to develop conceptual frameworks for the improvement of 
learning at the tertiary level across a variety disciplines. (Entwhistle, 2003).     
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Based on the themes that emerged from the primary thematic analysis of the data, three potential 

threshold concepts were identified.    

I. Awareness and Acknowledgement of Different Forms of Knowledge 

II. Recognition that Value Systems are a Function of Culture   

III. Respect for Varied Perceptions of Social Wellbeing and Quality of Life 

The rationale for identifying these thresholds follows in Section 6.4.   

6.4 Threshold Concepts for Mining Engineering 

6.4.1 Awareness and Acknowledgement of Different Forms of Knowledge as a Threshold Concept  

Question 2 in the Focus Group asked students to reflect upon the knowledge they have acquired over the 

course of their undergraduate education, considering, in particular, its reliability and the source its 

authority.  The initial answers offered veered away from the content of the question and attempts by the 

researcher to effectively re-frame the question by querying their sense of the adequacy of what they have 

learned when solving given problems.  Persistently, responses did not directly address the questions but 

instead documented a reluctance to engage critically with received knowledge.  The pattern of responses 

to Question 2 suggest that the concept of critically considering various dimensions of knowledge is 

completely foreign.  

It can be seen that patterns emerge if themes are considered.  Those themes that converge to suggest 

Awareness and Acknowledgement of Different Forms of Knowledge as a Threshold Concept  

include Trust, Responsibility, Value of Science and Technology Literacy, Complex Problem Domains 

and Openness to Alternative Views and Approaches. 

Looking at the data that were grouped into these themes, a pattern of discomfort or sub-optimal 

interaction with knowledge emerges.  Students’ emphatic view that education (i.e. for the affected 

community) is the key to the social license and their dismissive comments about the opinions of those 

who do not share their science and technology literacy (i.e. the general public and students in non-
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engineering disciplines) point to a firm confidence in the ways of thinking and practicing that they have 

absorbed.  While this confidence is a welcome indication of curriculum success, it is a fact that mining 

occurs at the boundaries (both physical and philosophical) and the focus group data shows that students 

are so sure of their own perspective, that they are unable to tolerate the views of those who lack their 

technical prowess.  They are so convinced of the correctness of all they have learned that they assume that 

the solution to problems related to community suspicion/rejection will evaporate once communities are 

“educated.”  They wrongly assume that attitude is a function of education rather than of values. 

One factor that may make seeing value in other forms of knowledge difficult for students is their own 

rather passive and uncritical acceptance of the knowledge at the heart of their own education.  They had 

difficulty understanding Question 2’s content.  Instead, in the focus groups, they spoke about why they 

believe what their professors tell them.  The main reason cited was pedigree—their professors’ academic 

credentials and experience in industry.  Secondary reasons included observable evidence, established 

methods for building tailings dams rarely fail, so these methods are correct.    

A sophisticated understanding of the concept of authority is widely accepted as critical in the technical 

domains of mining engineering.  In rock mechanics, for example, mathematical models are employed to 

predict the behaviours of rock bodies under various stresses.  Such models are computationally complex 

but can be shown to predict with great accuracy behaviours within a particular (known) continuum.   

Accuracy of mathematically predicted results outside that continuum, say for an entirely new ore-body, is 

less certain, and judgement is required to know when the predictive capacity of models.  In this sense, a 

mining engineer must know when knowledge is incomplete or inadequate to requirement, and must 

judiciously integrate known facts and predicted results with experience.  Within engineering’s own 

professional culture then, critical assessment of information is a defining characteristic of the expert.    

Interestingly, no student cited mathematical proof as a source of confidence.  As to the issue of 

completeness of the knowledge set used by mining engineering, students acknowledged that research 
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continues to build knowledge, so in that sense they implicitly accept that what have learned may prove to 

be incomplete or incorrect.  

Analysis of the focus group data also shows that by fourth year, student views of knowledge are 

unsophisticated and uncritical.  They accept what is presented as disciplinary knowledge because they 

know its provenance and respect those who are their mentors.  They have yet to fully grasp the concept of 

professional judgement, which entails a recognition of ambiguity/disagreement/incompleteness, that will 

be critical for practice not only as socially responsible engineers, but also in their technical practice as 

their careers progress and their expertise is sought on matters for which there is yet no authoritative 

opinion. 

Whether students are blinded by the mystique of authority, of a tradition that they can readily see, or 

simply by their assumption that knowledge and its validity is universal, they are unaware that validity of 

any knowledge and the perspectives that flow from it are culturally determined.  For these reasons, it is 

suggested that Awareness and Acknowledgement of Different Forms of Knowledge is a Threshold 

Concept for Mining Engineering. 

6.4.2 Recognition that Value Systems are a Function of Culture as a Threshold Concept 

Students indicated with enthusiasm that they appreciate the roles played by culture and history in the 

present-day rejection of mining by indigenous peoples, but here again, their understanding of what culture 

means and how it shapes perspectives remains superficial.  They are unable to see the cultures they have 

encountered or may encounter without the filter of their own Western capitalist culture.  They are 

committed to the highest standard of environmental stewardship, for example, but their view of the 

environment is commodified.  Dedication by industry to environmental performance (as measured in parts 

per million, Species at Risk Act [SARA] population counts, and acres of rehabilitated valued ecological 

components [VECs]) has greatly reduced the negative impacts of mining, but does not lead to what 

Shaules (2006) calls cognitive empathy.  Such cognitive empathy would support the integration of insight 

into another culture’s ways of thinking practicing into one’s own, allowing good intentions to reach 



208 

 

fruition.  It is suggested that Recognition that Value Systems are a Function of Culture is a threshold 

concept for mining engineering 

Students are ethnocentric even though they clearly see themselves as open to other cultures and caring 

about their well-being.  However, the extreme value that students place on science and technology 

literacy and the impatience some expressed with those who have not shared this education suggests that 

students see the attitudes expressed by members of other cultures as a function of their inferior education, 

not of any underlying values.  Casting the knowledges and perspectives of other disciplines as inferior, 

effectively allows mining engineering students to avoid the question of values.  The strongly expressed 

negative attitudes about other disciplines does not suggest that the values of other cultural communities, 

especially of  traditional cultures, will be respected in any more than perfunctory, superficial ways, 

because they are not acknowledged.  The repeatedly expressed expectation that education (about mining) 

will inevitably lead to approval of projects by traditional communities reveals an inability to conceive of a 

set of values and processes for reasoning that may differ from their own.  It appears from the data, that in 

spite of their stated (and almost certainly sincere) concern for communities, students are unable to look at 

traditional worldviews as equal and legitimate.   

Data collected under the themes of trust and stewardship indicate that students are aware of mining’s 

legacy within the colonial project, but they do not link colonization with estrangement from the land and 

they do not recognize that globalized western culture does not define stewardship in the same holistic 

manner that traditional societies do.  Their understanding is limited to environmental stewardship, with its 

baselines and metrics.  Students acknowledge that sacred and burial grounds must be accommodated but, 

according to the data, they conceive of accommodation as a contractual or social license obligation.  

In every focus group, students spoke about their own openness (acceptance) of alternative views and 

approaches, even though their reflections on the value of science and technology education and education 

for communities contradicted this.  Data from students who were in the post-internship Focus Group 

(Focus Group 4), however, did reveal a slightly nuanced grasp of differences (e.g. relationship to time) 
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that might indicate that the internship/living alongside community experience had promoted synthesis of 

lessons taught in the curriculum.  Evidence from Focus Group 4 adds to the argument that Recognition 

that Value Systems are a Function of Culture is a threshold concept that should be addressed in the 

undergraduate mining curriculum. 

Culture is understood by mining students only superficially and this will impede them from developing 

resilient relationships with communities where they may hope to work. 

6.4.3 Respect for Varied Perceptions of Social Wellbeing and Quality of Life as a Threshold 

Concept 

Since the mid-twentieth century, theories of economic development have been associated with 

modernization theory, i.e. the assumption that via technology, the transformation of subsistence 

economies to market/trading economies creates wealth and is therefore an unquestionable good (Leys, 

1996).  These values are seen in the attitudes and lifestyles of modern urban Canada.  For many years, 

economic growth was seen as the most important indicator of overall improvement in societal well-being 

(Todaro & Smith, 2009).  More recent theories of development have addressed the inadequacy of material 

wealth as a proxy for other desirable aspects of development (education, health care, security, and wealth 

distribution).  In a 1995 report to the Government of Canada by the National Roundtable on the 

Environment and the Economy, ( p. 225), Anthony Hodge grapples with the question, “What is the good 

life,” arguing that an inclusive exploration of the many meanings of this concept will be critical to 

achieving the goals of sustainability.  

While all mining engineering students complete at least one course in economics, the focus group data 

suggests that they have not been introduced to modern theories of political economy or development.  

They have not confronted the paternalism or cultural imperialism inherent in looking at development 

solely as a question of creating wealth.  The data suggests that students have understood the fact that 

exploitation of a country’s mineral resources creates wealth, but have either not been exposed to, or taken 
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into account, the fact that wealth is not synonymous with “quality of life,” or indeed that quality of life 

may be defined in diverse ways  

Four themes that led to identification of Respect for Perceptions of Social Wellbeing and Quality of Life 

emerged from the focus group discussions.  Students have difficulties around concepts of stewardship, 

consumption, relationship and openness to alternative views shape or contribute to their understanding 

that there are perceptions of social wellbeing and quality of life that may not align with their own or those 

that they are familiar with.   

As with Awareness and Acknowledgement of Different Forms of Knowledge and Recognition that Value 

Systems are a Function of Culture, Respect for Varied Perceptions of Social Wellbeing and Quality of 

Life is a threshold concept for understanding culture.   

6.4.4 Threshold Concept Sequence for Mining Engineering Students 

Figure 22 is an adaptation of Hammer’s (2012) representation of the DMIS.  Here, the identified 

thresholds have been overlaid along the developmental continuum of intercultural competence.  It is 

argued that these thresholds correlate to Hammer’s stages of developing intercultural competence 

(described in Section 3.5.2.1), and accordingly must be mastered in sequence, as mining engineering 

students progress from a monocultural mindset towards intercultural competence and an ability to build 

respectful and authentic relationships in communities where they work.  
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Figure 22: Threshold Concepts for Development of Intercultural Competence for Mining Engineers 

6.5 Summary of Focus Group Findings 

Through a thematic analysis of the focus group data three potential threshold concepts for mining 

engineering were identified: 

I. Awareness and acknowledgement of Different Forms of Knowledge 

II. Recognition that value systems are a function of culture   

III. Respect for varied perceptions of Social Wellbeing and Quality of Life 

These are concepts that students, in the language of threshold concepts, are “stuck” at, and which they 

must master in sequence.  On the one hand, a surface reading of the focus group transcripts reveals that 

students speak knowledgably about the environmental and social harms done by past mining policies and 

practices and the responsibility they have for remedying this.  On the other hand, the remedy they 

perceive is oriented entirely towards mining, which is not unanticipated—they are mining engineers after 

all—but they do not recognize that an effective remedy is unlikely to result from any top-down, or 
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unilaterally determined approach, and that a dialogic engagement with communities of interest is essential 

to building the trust, upon which effective, culturally appropriate solutions may be built. 

Students also spoke about their understanding of First Nations’ culture, again, believing that they 

comprehend cultural differences.  However, discussion revealed that their understanding was limited to 

surface manifestations of culture rather than deep culture— the frameworks used by cultures to evaluate 

and ascribe meaning to phenomena.  Students in mining appear to interpret events with multi-cultured 

actors using only their own cultural framework.  Bennett (1993) argues that intercultural competence 

increases with differentiation—the ability to draw upon different cultural frameworks to create meaning.  

If these concepts are indeed threshold concepts, they may hold the key to unlocking the door that blocks 

student progress to more integrative and constructive understanding of the relationships between industry 

and community.  
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: Synopsis of Results and Recommendations for Curriculum 

Development  

The research was motivated by the two questions posed in Section 1.4: 

1. Within the structure of traditional, technical, undergraduate mining engineering courses, have we 

provided educational experiences that catalyze or support the development of knowledge, skills 

and attitudes correlated with intercultural competence?   

2. Does development of the attributes associated with intercultural competence in undergraduate 

mining engineering students alter their approach to professional practice and their conception of 

the scope (i.e. the range of responsibilities, and understanding of to whom responsibilities are 

owed) of the professional mining engineer?  In other words, is there evidence that the 

development of intercultural competence, within the engineer’s training, affects the values (and 

thus the culture and identity) of mining engineering as perceived by students? 

7.1 Synopsis of Research Results 

Prior to commencement of the research, the Robert M. Buchan Department of Mining at Queen’s 

University had already included some learning opportunities in its curriculum to enhance student 

understanding of social issues related to mining. Research was conducted over the period September 2013 

to December 2014. 

7.1.1 The Curriculum Interventions 

As outlined in Section 4.2.2., opportunities were provided in MINE 201 to learn about community 

perspectives on mining.  All MINE 201 students experienced the classroom lessons on social impacts of 

mining and community perspectives; roughly 25% of the class experienced a further, enriched 

opportunity to learn directly from the Traditional Ojibwe Practitioner during the class field trip.  In fourth 

year, as described in Section 4.2.1, the core sustainability course, MINE 422, looked at the 
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interconnections between environmental concerns, longstanding inequities and culturally-associated 

conflicts.   

7.1.2 Methods  

A mixed method approach was employed. 

7.1.2.1 Survey 

As detailed in 4.5 and Appendix B, a survey employing The Engineering Knowledge, Culture and Values 

Questionnaire provided a quantitative evaluation of the effectiveness of the MINE 201 curriculum 

interventions.  50 questions queried student responses to statements related to themes representing a 

continuum, from openness to resistance, to alternative cultural perspectives: 

A. Values: those values implicit in modernity, including general faith in science and technology as a 

means to “the good life,” and those that are seen in mining conflicts (i.e. the neoliberal narrative 

of development). 

B. Respect for diversity: acknowledgement of and willingness to consider alternative perspectives 

C. Self-awareness: particularly of the sources of one’s own perspective  

D. Attachment to disciplinary knowledge: the knowledge set and ways of thinking and practicing that 

characterize the engineering profession. 

E. Receptiveness to alternative knowledges: an appreciation of the legitimacy and value of 

knowledges from other disciplines and traditions. 

F. Interest in other cultures: beyond diversity, interest is conceived as having an engaged, 

participatory component  

7.1.2.2 Focus Groups 

As detailed in Section 4.6 and Appendix C, four focus groups were conducted with 20 volunteers (5 per 

group) from the MINE 422 cohort.  Three groups consisted of direct path students, and one group was 

composed of students who had returned after sixteen-month industrial internships.  Each group discussed 
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six questions that sought explanation and insight into the ambiguities and contradictions found in the 

survey data.  The open-ended questions explored topics including:  

• career influences,  

• confidence in, and sufficiency of, the engineering knowledge they rely on,  

• values they associate with a successful engineer,  

• attributes they think engineers need in order to contribute to better relationships between 

companies and communities,  

• how they address criticism of the practice of mining, and 

• whether there might be opportunities to build better understanding between industry and 

communities 

Discussions were recorded and transcribed.  Data collected in the form of transcripts was qualitatively 

analyzed using a two stage thematic analysis to identify potential threshold concepts impeding the 

development of intercultural competence. 

7.1.3 Analysis 

7.1.3.1 Survey 

Survey responses were sorted into three datasets: 

T0 Students who took the survey in Fall 2014 prior to any exposure to the curriculum of MINE 
201 (65) 

Tc Students who took the survey in Fall 2013, who had been exposed ONLY to the classroom 
part of MINE 201’s social aspects curriculum (25) 

Te Students who took the survey in thFall 2013, who had been exposed to both 
• the classroom part of MINE 201’s social aspects curriculum, and  
• the experiential component of the curriculum delivered by the Aboriginal teacher in 

Timmins (21) 

Analysis showed that, for some themes, openness to other perspectives varied with increasing exposure to 

the curriculum interventions, whereas for others increasing exposure to curriculum interventions had the 

opposite effect to that intended, actually decreasing openness to alternative perspectives, as documented 

in Section 5.5.  Themes for which decreasing openness was observed or for which results were 

ambiguous, informed the development of focus group questions. 
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7.1.3.2 Focus groups  

Thematic analysis looked for patterns in the raw data, which could be reasonably sorted into thematic 

groups (Sections 4.6.7 and 6.3.1).  Twelve discussion themes emerged from the focus group data:  

• Frustration and a sense of being misunderstood and unappreciated 

• The value of science and technology literacy 

• Education as the key to social license 

• Openness to alternative views and approaches 

• Trust  

• Responsibility 

• Communication 

• Relationship 

• Stewardship 

• Humility 

• Consumption 

• Complex problem domains 

7.1.3.3 Threshold Concepts  

A further thematic analysis of the above (6.3.2) identified three potential threshold concepts that are 

impediments to becoming culturally competent, and which must be mastered sequentially as listed below: 

I. Awareness and Acknowledgement of Different Forms of Knowledge 

II. Recognition that Value Systems are a function of Culture   

III. Respect for varied perceptions of Social Wellbeing and Quality of Life 

7.1.4 Results and Implications 

Analysis of focus group data (see Chapter 6) demonstrated that by fourth year, students remain quite 

mono-cultural.  They talk about respecting other cultures, but respect is defined in terms of the dominant 

Western culture.  They talk about sharing benefits, but benefits are defined in terms of the dominant 

Western culture.  They talk about protecting the environment, using scientific metrics—which is 

reasonable for engineers—they have spent four years developing professional science-based ways of 

thinking and practicing.  These metrics have great utility, but unfortunately, utility encourages them to 
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minimize the relevance and value of the knowledge and practices employed by other disciplinary cultures 

as well as those of traditional cultures.  It is fair to conclude that the curriculum has produced social 

awareness and a strong sense of social responsibility, albeit defined by the dominant culture. 

Each of the three threshold concepts, outlined previously, relates to a dimension of culture.  Anticipating 

the argument that it might have been simpler to conclude that culture itself is a threshold concept for 

mining engineering, it must be pointed out that, for practical purposes, the identification of a large, 

multifaceted concept is not informative for curriculum development—granularity facilitates the 

identification and assessment of learning outcomes.   

In spite of the barriers to cultural competence posed by these threshold concepts, analysis of survey and 

focus group data revealed students’ intense, almost passionate desire to “mine responsibly,” which they 

seem to understand as encompassing the environmental and social pillars of sustainability, i.e. 

environmental stewardship and contribution to shared benefits.  Their learning experiences clearly planted 

seeds of cultural awareness, however, without the understanding that thought processes and values are 

functions of culture, students only see culture in its surface manifestations.  

Most students in the focus groups equated appropriate (socially responsible) benefit sharing with the 

social license to operate (Section 6.3.1.3).  This contrasts with survey data (Section 5.2.2), which showed 

that students do not recognize the impact of culture on community attitudes to mining and its potential 

risks and benefits.  The assumption that provision of more material benefits will “buy” a social license to 

operate is further evidence of an ethnocentric mono-cultural perspective.   

Mining students have difficulty comprehending “informed rejection” of modern mining, in the context of 

robust environmental regulation and generous impact and benefits agreements (IBAs).  This was seen 

most clearly in students’ repeated expressions of certainty that community rejection of the potential 

economic benefits offered by mining projects is simply a function of education—or lack thereof—that 

communities only fear mining projects because they have not “been educated about what we do.”  
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Students are unaware that perspectives and values, other than those of their own culture, might be well 

informed and legitimate.  

7.2 Recommendations for Curriculum Development at Queen’s 

Results show that the interventions within the undergraduate mining curriculum have contributed to our 

students’ knowledge of the factors contributing to social risk as they are identified by members of the 

dominant culture, but not to the development of capacity for looking at the issues from the perspective of 

affected communities.  Thus, student conceptualization of the socio-cultural dimensions of mining conflict 

is informed by facts and articulated using appropriate vocabulary but, lacking insight, is detached and 

superficial.    

It is recommended the undergraduate mining curriculum be adapted as follows, to target learning around 

the three threshold concepts identified in Section 7.1.3.3. 

7.2.1 In MINE 201  

• A unit be developed to introduce Aboriginal culture and Canada’s colonial history prior to the 

course’s experiential component (field trip to Timmins).  The impacts of European hegemony are 

seen in structural inequality and trust-deficits in the communities where we work around the 

globe, and recognition of legacy impacts on communities and their implications for building 

company-community relationships needs to be introduced early so that Indigenous perspectives 

(such as that of the Traditional Practitioner at Goldcorp’s Teaching Lodge) can be more readily 

appreciated.  

• The Department work with Goldcorp to investigate the possibility of exposing all MINE 201 

students to the experiential intervention with the Indigenous Traditional Practitioner. 

• A follow-up participatory exercise be developed to contextualize and consolidate learning from 

the Traditional Practitioner at the Teaching Lodge. 
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7.2.2 In MINE 422 

• A unit on dialogue skills for relationship building be developed and added to the course, perhaps 

as part of the unit on community engagement planning. 

• In either the unit on engineering ethics, or the unit on sustainable development principles, a 

discussion of alternative conceptions of development be facilitated by a respected and insightful 

expert in the field. 

7.2.3 Explore the Potential for Curriculum Revision in Other Courses 

The recommendations that follow require broad consultation and consensus amongst faculty members in 

the Department, which may be difficult to achieve.  The likelihood of logistical impediments also 

suggests that these recommendations are longer term in nature.   

7.2.3.1 Add Emphasis to Communication Skills in MINE 434 

It is recommended that the Department take advantage of the smaller class sizes that will inevitably 

accompany periods of low commodity prices by introducing a weekly or biweekly seminar in which 

development of communication skills could be developed.  Many students currently reach fourth year 

with well-developed social skills, but weak formal communication skills – both written and oral. 

The time slot allocated to MINE 434 could therefore be used to intensively address communication skills 

required in the post-graduation job search and in professional practice. This would also be an appropriate 

venue for development of communication skills related to intercultural competence, and would occur after 

students have had time to reflect upon and synthesize concepts encountered in MINE 201 and MINE 422.  

7.2.3.2 Address Mining Engineers’ Intercultural Communication Needs in APSC 291 

The Department could consider lobbying the FEAS to modify or augment the mining section of the core 

Faculty-wide communication course, APSC 291 Engineering Communication.  The course could be 

tailored to deliver the specific suite of communication skills need by engineers whose work will 
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frequently occur in intercultural settings.  APSC 291 is offered concurrently with MINE 201, so the 

potential for synergy might be exploited.  

7.2.3.3 Enrichment of Core Technical Courses 

Using Professor Ursula Thorley’s work in MINE 341, Open Pit Mining, as a model, expand discussion of 

socio-cultural perspectives of affected communities in other core technical courses, particularly those 

which deal with any forms of cost-benefit analyses, risk assessments, and design.  MINE 330, Mineral 

Industry Economics and MINE 459, Reliability, Maintenance, and Risk Assessment are two core courses 

that intersect with social risk.  In MINE 330, the discussion of mine finance and access to capital as it 

relates to communities could be enriched (perhaps using case studies from the Engineers Without Borders 

[EWB] Mining Shared Value [MVS] Venture Project, 2012) to simulate impacts on mine value of 

different models of benefits sharing.  MINE 459 includes a major project focused on the Risk component 

of the course. Using NI 43-101 data, and various country risk assessments, students produce a detailed 

risk assessment for mines in early development.  This could be enhanced by expanded coverage of social 

risk. 

7.2.4 Curriculum Revisions at Queen’s Beyond The Robert M. Buchan Department of Mining 

As described in Section 1.1, Reconciliation is a project for all Canadians, and there is an unquestionable 

need to include more indigenous content in national curricula at the elementary, secondary and tertiary 

level.   

7.2.4.1 Programs beyond Mining Engineering   

Curriculum interventions and revisions similar to those that have been, or will be, developed in the 

Mining program may be relevant and beneficial for other academic programs at Queen’s. This would 

ideally span the gamut of programs relevant to the extractive sector, ranging from geoscience and 

geological engineering, through to commerce and business, as well as law and policy studies. 
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7.2.4.2 Inclusion of a University-wide Indigenous Studies Course   

Again, as described in Section 1.1, inclusion of indigenous knowledge and perspectives in university 

curricula is becoming widely accepted, in spite of the fact that most Canadian universities have not yet 

worked out how they will do this in a manner that contributes to Reconciliation.  Vice-Provost Scott’s 

concerns that a course contending with policies of displacement and assimilation of Aboriginal Canadians 

may upset the sensitivity of immigrants (Kwan, 2015) may be valid, but suggests that Queen’s, a 

university, which is located on the unceded traditional territories of both the Haudenosaunee and 

Anishinaabe people, redouble its efforts to ensure all graduates have a common understanding of 

historical events, their sequalae, and of the validity of perspectives other than those associated with 

modern Western culture.   

A full course may indeed be difficult to conceive in a manner that avoids the possibility of inflaming 

rather than assuaging tensions, and even more difficult to mount due to the small numbers of Aboriginal 

faculty available to teach it69; nonetheless, it is recommended an effort be made to implement small non-

confrontational steps as soon as possible, while a broad curriculum is under development.  Worthwhile 

first steps might avoid direct challenge to status-quo thinking, instead, simply bringing Aboriginal 

perspectives into the foreground: for example, selecting case studies that document inequities, or 

including texts by notable Aboriginal authors.  A concerted effort to include the Aboriginal experience 

within disciplinary study could, at the very least, provide an opportunity to become informed.  A larger 

role (and budget) for the Four Directions Aboriginal Student Centre could be pivotal. 

Queen’s is not the only university grappling with the question of how best to fulfil its role in supporting 

Reconciliation.  It is recommended that Queen’s, and other universities that do not have established and 

well-resourced Indigenous Studies departments consult with those that do, and which have already 

embarked upon creating a more inclusive and culturally affirming curriculum.  The dialogue skills that are 

                                                 
69  As of 2015, Aboriginal people represented only 1.3% of Queen’s faculty, and only 2.0% of staff (Queen’s 
University Equity Office, 2015) 
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a part of intercultural competence do not replace knowledge of specific cultural perspectives, but equip 

the learner with the capacity to engage with respect.  
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: Conclusions and Future Work 

8.1 Conclusions  

This thesis has demonstrated that there are specific deficiencies in the undergraduate mining curriculum at 

Queen’s University with respect to development of intercultural competencies and the associated impact 

on social risk in the extractive sector.  Analysis of survey data has revealed the potential for addressing 

these deficiencies through targeted curriculum interventions.  Further investigation of these deficiencies 

has identified key threshold concepts for learning which should be addressed in future curriculum 

development in order to better inform the professional practice of mining graduates. 

8.1.1 Primary Contributions: 

This thesis research: 

A. Developed a novel framing of the problem of social risk in the extractive sector through a 

cultural lens, applying Bakhtin’s dialogism (Sections 1.3 and 3.5.1) 

B. Demonstrated the linkage of social risk in the extractive sector to professional education, 

in the specific case of an undergraduate mining engineering curriculum (Sections 1.1, 1.4, 

2.4, 2.5, and 2.6) 

C. Through a mixture of surveys and focus groups, investigated the knowledge of social 

risk, as well as the level of intercultural competence, of students in the mining 

engineering program, and how these might be impacted through specific curriculum 

interventions. (Section  5.5) 

D. Identified threshold concepts which should be the focus of future curriculum redesign in 

order to support the development of intercultural competence amongst mining 

engineering graduates, leading to more effective and enlightened professional practice. 

(Section 6.4) 
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8.1.2 Secondary Contributions 

• The focus group data revealed that the students in the undergraduate mining engineering 

program placed a high value on social and environmental responsibility (Section 6.3.1.9). 

• This research provides a framework and starting point for further mitigating social risk in 

the extractive sector through development of the intercultural competencies via other 

educational mechanisms, including: 

o Curriculum interventions for other professional undergraduate programs relevant 

to the extractive sector, such as geoscience and geological engineering. 

o Curriculum interventions for graduate programs in mining engineering, as well as 

for graduate programs in other professions relevant to the extractive sector. 

o Continuing professional education modules and materials for the broad range of 

professionals and practitioners active in the extractive sector. 

• The data gathered and analyzed in this thesis provides additional evidence to support 

calls for the inclusion of non-traditional or so-called “soft” skills70 in the engineering 

curriculum as a whole. 

• Proposal for a relationship-first or Bakhtinian (i.e. ahead of/independent of project 

agendas) approach to risk communication.  This dialogic approach (see Section 3.5.1) 

sees establishment of a trusting relationship as a precondition to meaningful and effective 

communication about the difficult and culturally contentious issues that accompany 

extractive projects. 

                                                 
70 These are usually identified as: communication, creativity, adaptability, collaboration, and leadership.  
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8.2 Future Work 

This thesis has opened up a number of avenues for future research. 

8.2.1 Longitudinal Study 

The second research question, which asked: 

Does development of the attributes associated with intercultural competence in undergraduate mining 

engineering students alter their approach to professional practice and their conception of the scope 

(i.e. the range of responsibilities, and understanding of to whom responsibilities are owed) of the 

professional mining engineer?  In other words, is there evidence that the development of intercultural 

competence within the engineer’s training affects the values (and thus, the culture, and identity) of 

mining engineering as perceived by students? 

could not be fully answered given the limited timeframe of a doctoral thesis.  While students from the 

focus groups talked about their personal values as graduating engineers, the true measure of curriculum 

effectiveness can only be assessed after graduates have assumed roles with decision-making 

responsibilities.  The apparent inverse relationship between increased exposure to the curriculum that 

emerged in the analysis of survey data may merely indicate latency, which is a characteristic of learning 

in the affective domain.  Therefore, future research will need to look at former students in MINE 201 after 

they have had time to reflect, continue learning, mature, and possibly gain workplace experience to 

integrate the learning experience of MINE 201.   

The opportunity to conduct focus groups with the T0 cohort will be available in the fall of 2016.  It is also 

planned that the survey will be administered again at the conclusion on MINE 422, and that volunteers 

will be sought to participate in a new series of focus group, using the same questions (language framing 

the questions may be refined for clarity).  This will afford an entrance-through-graduation look at the 

development of student intercultural attitudes and skills, which will add another layer of information 

about the overall effectiveness of the undergraduate curriculum that can be applied to continuous 

responsive revision.   
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8.2.2 Multi-cohort Comparisons 

It is intended that the survey be administered annually to incoming students. A new dataset, which has yet 

to be analyzed, was collected prior to the first MINE 201 lecture in September 2015.  Thus a 

comprehensive picture of the personal values of our incoming students and an evaluation of the 

effectiveness of implemented curriculum enhancements can be built up over time.  Using this 

information, the curriculum can be refined and kept both relevant and responsive.  

The curriculum’s impact on social risk will need to be determined.  Specifically, such a determination 

would consider whether graduates’ improved capacity for intercultural competence and integration of this 

skill within engineering decision–making correlates with an increase in community-company trust.  

This will require extensive effort in data gathering, in collaboration with outside partners from both 

industry and communities.  A research methodology will need to be developed to track mining graduate 

employment and correlate occurrence of social risk/conflict events.  Logistically, this may be difficult due 

to privacy legislation, and proxies may need to be employed. 

8.2.3 Compare Results with External Departments 

It would be worthwhile to work with colleagues at other Schools of Mining, and other Faculties of 

Engineering, to refine and validate the Engineering Knowledge, Culture, and Values Questionnaire, and 

to develop a broader picture of the values of students who will eventually work for the extractive 

industries in culturally sensitive contexts.  As discussed in Section 4.5.1.2, administration of the survey 

and confidence in its results suffered from small datasets.  Administering the survey at Mining Schools in 

Canada, and perhaps across North America, would not only promote intercultural competence among 

mining engineers, but larger datasets would allow greater certainty in interpretation of results.     

8.2.4 Administer Survey to and Compare Results with Other Mining Schools 

A working group within CIM’s ESRS is currently exploring ways to integrate social responsibility within 

the curricula of programs in geology and geological engineering.  As of June 2016, the only mining school 

participating is Queen’s University.  The group’s network of researchers from academia and consultancies 
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is likely to be receptive to administering the survey more broadly in order to better define the objectives of 

the group’s goals.   

8.2.5 Standardized Measurement of Intercultural Competence  

The Intercultural Development Inventory, or IDI, was described in Chapter 3 as a powerful and widely 

used tool for providing students with an objective assessment of their individual progress towards 

intercultural competence as computed from a survey of attitudes, values, reactions to inter-cultural 

encounters, and communication practices, and a personalized plan for increasing competence.  The IDI 

was not administered as a part of this research because volunteers did not materialize.  

The instrument’s ability to provide a statistically valid baseline for a population as well as individual 

reports would be an invaluable tool for informing curriculum development and evaluating curriculum 

success.   

In future, subject to funding, it would be informative to administer the IDI to the incoming class each 

September (prior to any MINE 201 lectures) and to the graduating class after completion of MINE 422.  

This would provide the Department with the ability to track development of intercultural competence as a 

function of the entire curriculum.  

8.2.6 Development of Immersive Education Course – Other Cultural Perspectives on Mining 

Finally, a larger research project that is suggested by the results presented here is the development of an 

intensive, immersive intercultural learning experience open to our undergraduate and graduate students.  

Our colleagues at Goldcorp in Timmins, Mary Boyden, Indigenous Community Relations Manager at 

Goldcorp’s Porcupine Gold Mines (PGM) and Traditional Practitioner, Martin Millen work closely with a 

group of Indigenous Knowledge Guardians from the AMAK Institute (University of Waterloo Institute 

for Social Innovation, 2016).  AMAK is an acronym for Anishanaabe Maamwaye Aki Kiigayewin which 

means ‘all people coming together to heal the earth” in Ojibwe (Goldcorp, 2016).  Mary Boyden 

describes the institute as a think tank that facilitates the sharing of knowledge between traditional 

communities and the industry, environmental consultancies and academic sphere, with the goal of 
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promoting constructive intercultural relationships, especially Indigenous-corporate relations in the mining 

industry (University of Waterloo Institute for Social Innovation, 2016).   

The experience would be non-technical, but would support the development of intercultural 

understanding through the immersion of students in issues critical to mining and communities.  

Indigenous cultures around the world share a deep sense of connection to land that most settler cultures, 

with their short and transient habitation, can, at best, only comprehend intellectually and dispassionately.  

A learning experience designed to invite engagement with Aboriginal perspectives on land and 

environment might, for example, involve water monitoring, habitat restoration or land rehabilitation.  It is 

paramount to emphasize that such a course would need to be developed in partnership with Aboriginal 

knowledge-keepers, elders, and scholars.  It is their voices, their perspectives, and their ways of teaching, 

that students must experience if they are to appreciate holistic situated knowledge and recognize the 

legitimacy of different perspectives.   

8.2.7 Exploration of Trust Theory to Inform Curriculum Design 

Beginning with the hypothesis that extractive sector conflict centres on cultural values, this thesis 

advanced the argument that, over the long term, improving the intercultural competence of mining 

engineers (who are the face of industry on the ground) has the potential to contribute to the development 

of greater trust and more resilient relationships with affected communities. There is an abundance of 

evidence that trust, especially trust which flows from relationship, is key to the mitigation of social risk.  

There is potential to augment the insights from risk perception theory, risk communication theory, and 

communication theory, with work from the field of commitment-trust theory (Morgan & Hunt, 1994) in 

order to further inform the development of more nuanced and dialogic models of extractive sector 

community relations.  

8.2.8 Enhancement of Intercultural Competencies in other Programs and Professions 

As outlined in Subsection 8.1.2, there are opportunities for mitigating social risk in the extractive sector 

through development of intercultural competencies via curriculum interventions in other educational 



229 

 

programs, and in other professions, beyond a specific undergraduate program in mining engineering. A 

first step would be to share and promote best practices amongst mining engineering programs within 

Canada and the United States.  In parallel, linkages and collaborations with cognate and allied disciplines 

within Queen’s University itself could be pursued, including geological engineering, civil engineering, 

geology, environmental studies, and global development studies. 

A more ambitious, and longer term, endeavour would be to engage with sector specific professional 

organizations, such as the Canadian Institute of Mining, to champion standards and expectations – e.g. for 

continuing professional education courses to promote intercultural competence. 

8.3 Mining Leaders for Tomorrow 

Recent work by Grasso et al. argues that 

...engineering’s greatest and most immediate challenge for the 21st century is to rethink and re-

engineer education to ensure the profession is not transformed into a group of skilled technicians 

on the sidelines of the global economy.  Instead, an engineering education should be perceived as 

creating global leaders: decision makers who actively shape our future with both proven technical 

engineering ability as well as creative, cost-effective, and innovative management of the complex 

social, economic, environmental, and communications aspects of modern engineering projects 

around the world (2010, p. 159). 

The class of 2015, including those who participated in the focus groups, have already begun to practice as 

EITs, and many find themselves working around the globe or here in Canada in communities that are 

remote, culturally unfamiliar, and where worldviews include knowledges that have different content to 

their own and reasoning is based on different values.  Graduates of the Robert M. Buchan Department of 

Mining care deeply about environmental stewardship and about people.  They speak passionately about 

wanting to contribute to undoing the injustices wrought by colonization and to deliver a net positive 

impact on communities where they will work, but, lacking the ability to appreciate perspectives other than 

their own, they are not prepared to achieve as much as they hope.  Our graduates have historically become 

global leaders within industry.  Equipping tomorrow’s graduates with the knowledge and skills associated 
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with intercultural competence will allow them to become visionary leaders in an industry that is operating 

in a new risk environment. 
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Participant Letter of Information  

Study Title: Engineering Knowledge and Values 

Principle Investigator:  Anne Johnson, PhD Candidate in Mining Engineering 

 

Dear Mining Student, 

 

I am looking for volunteer participants in a study that is part of my doctoral research.  A description of 

my work is below.   

Background 

Because mining often occurs in remote areas where local communities have different worldviews (beliefs, 

models of the world, values), and where a major industrial project introduces significant social, economic 

and environmental change, there is potential for social destabilization, and even conflict. 

My doctoral research considers how we might equip mining graduates with the kind of communication 

skills that will assist them in building trust among the diverse populations they deal with in a unique 

engineering work context.   

Most of my work is theoretical – describing the rationale for re-thinking communication as a more 

nuanced and holistic skill — and building a theoretical framework for conceptualizing communication so 

that the curriculum can be adapted to support development of these skills.  I do have to begin by 

understanding you. 

This study 

This study is aimed at revealing themes in mining engineering students’ outlooks on the world.  I am 

looking for patterns in the experiences you have had to date (family life, school, etc.) and in how you see 

the world after two years of training as an engineer.   

The analysis technique I will use is called phenomenography (Marton, 1986), which is used to map 

experience and explore variations among participants, in order to identify common themes that may 

explain the process of learning. 

Who is undertaking the project? 

This project is being conducted by me, Anne Johnson, under the supervision of Dr. Laeeque 

Daneshmend. 

Are there any risks associated with participating in this project? 

There are no risks to your participation in this project.  Integration of any new elements to curriculum 

takes time so you will not be affected during your time at Queen’s.  
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You job, should you decide to accept it: 

Complete an anonymous a survey of 40-50 questions (yes/no, short answer) 

Be part of a focus group to discuss the themes and your perceptions of engineering values. 

Focus group locations will be demined at a later date. 

How much time will the project take? 

The survey will take you approximately 10 minutes to complete. 

If you choose to participate in a later focus group, it is anticipated that an hour of your time will be 

required. 

What are the benefits of the research project? What does it mean for you as a student of mining 

engineering? 

There are no direct or immediate benefits to you (sorry!).   

Long term, I hope that my research will allow the Mining Department at Queen’s to enhance the way 

communication is taught, integrating it with our technical courses, so that mining engineers gain the 

ability to shift their perspective:  to anticipate community concerns by considering a project through the 

lens of a different worldview.  

Engineers are trained to solve technical problems, and we know that they do this well.  Increasingly 

though, (particularly in disciplines like ours that deal with large spatial and time scales), we understand 

that problems cannot be framed as purely technical—that they occur in a social and environmental 

context, and that optimal solutions must address these facets of the problem.  Our field continues to make 

significant progress on reducing environmental harms, but we have been less successful at understanding 

how to incorporate the social context into mine planning and operation.    

The best engineers must be able to recognize that their training gives them a particular and limited (but 

highly useful!) viewpoint.  To truly understand any situation and develop the best design for that 

situation, engineers must recognize when to set aside their assumptions and to consider alternate models 

of the world.  

Can I withdraw from the study? 

Certainly.   

Participation in this study is completely voluntary.  If you agree to participate, you can withdraw from the 

study at any time. Once submitted, you will not be able to withdraw your survey though as these are 

anonymous. 

Will anyone else know the results of the project? 

I will eventually write a thesis in which I will discuss the themes that emerge from the surveys and the 

discussions that come from the focus groups. You will not be identified in any way, but portions of your 



284 

 

comments may be quoted directly.  My supervisors Dr. Daneshmend, Dr. Thorley,  and  Dr. McKegney 

will only see the anonymous aggregated comments. The results may be discussed in papers submitted to 

scholarly journals. 

Will I be able to find out the results of the project? 

I will be happy to share the general themes that come out of the survey and discussion groups.  If you 

participate in the discussions, I will be sharing the themes with you and presenting research from other 

engineering schools about “engineering values” and student profiles. The point of the discussion groups 

will be for you to tell me what you think of these “engineering values” 

The discussion group transcripts will be combined and altered to make comments anonymous.  A list of 

comments will be made available by request.    

This portion of the work is not quantitative: there will be no statistical analysis of the comments 

(frequency, degree of agreement, etc.).  My interest is in capturing your experiences and values in order to 

develop a generalized picture of the world-view of the Queen’s mining student. 

Who do I contact if I have questions about the project? 

Please email me anne.johnson@mine.queensu.ca or pop by my office at Goodwin Hall rm 331 

So, do you want to help me? 

Sign in to your course (MINE 201/MINE341) moodle site and complete a survey.   

Sign up for a focus group when times are posted. 

 

Thank you! 

Sincerely 

Anne Johnson 
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Appendix B: Engineering Values and Attitudes Survey 

Question Sequence Presented to Students 

Please select the answer that best captures how you feel about each statement below. 

There are no right or wrong answers.  

1. Communities, defined as a collection of people with shared values and lifestyles living near mine 

site (they could belong to any number of different cultural groups) should understand that mining 

will bring them economic security. 

2. People who oppose mining generally don’t understand it. 

3. A mining engineer has to understand the jobs and ways of thinking of different professions: 

mechanical and civil engineers, geologist, planner, investment banker, policy maker, sociologist, 

diplomat and environmental scientist. 

4. Mining companies operating in Canada must obtain Aboriginal consent before entering 

traditional lands. 

5. I am interested in learning about the people and cultures I will encounter in my work as a mining 

engineer. 

6. No cultural group in Canada should receive special consideration. 

7. Canada's natural resources belong equally to all Canadians. 

8. Scientific knowledge is objective and universal. 

9. Communities affected by mining (for example, the farming community of Seeley's Bay, north of 

Kingston, which is next to a wollastonite mine, or the NWT's Lutsel K’e Dene, a trapping 

community near the Diavik diamond mine) ) may be entitled to a larger share of mining profits 

but they should not expect to influence mine planning and operations. 

10. In the twenty-first century, the economic strength of Canada should be a higher priority than 

protecting any particular cultural heritage and lifestyle (e.g. East coast fishing, farming). 

11. If my company is planning or operating a mine near an Indigenous community, the local Elders 

from can provide insights that could be valuable to me as a mining engineer. 

12. Written records are more accurate than oral history. 

13. My way of looking at the world is influenced by my cultural heritage. 

14. Many of the concerns of communities affected by mining stem from lack of education. 

15. In my work as a mining engineer I must demonstrate to communities that are near mine sites that 

their concerns are heard and responded to. 
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16. Engineers have a unique way of looking at the world. 

17. There is a role for traditional knowledge in mine planning. 

18. Too much emphasis is placed on building relationships between mining companies and 

communities.  A fair and well-thought out legally binding contract is a better way to prevent 

conflict. 

19. Land restoration after closure is the job of the environmental scientist. 

20. The main reason for mining companies to engage with communities is good public relations. 

21. Scientific knowledge is more valid and reliable than the "Local" or "Traditional" knowledges of 

the Indigenous peoples of the world. 

22. I learn a lot when I talk with people who have a different point of view. 

23. What is considered to be legitimate knowledge is dependent on culture. 

24. Scientific knowledge is objective and verifiable 

25. As a mining engineer, I can influence how the people in affected communities think of mining. 

26. Traditional lifestyles and mining development are fundamentally incompatible. 

27. It is unreasonable for Aboriginal communities to hold up exploration and mining on Crown lands. 

28. As an engineer, I am confident that my knowledge is based on verifiable fact. 

29. Community concerns are legitimate. 

30. The environmental disturbance caused by mining is temporary and communities are overly 

anxious about harm. 

31. Once the government has granted a mining permit, communities should not protest. 

32. I am not particularly interested in learning about worldviews that are different from my own. 

33. Indigenous concerns about water quality are mostly due to their not understanding the high 

standards of modern mining practice. 

34. Engineers have to respect community traditions and beliefs but these should not have an impact 

on decisions regarding mine design. 

35. In my work as a mining engineer I am not very comfortable dealing with Indigenous beliefs, such 

as animals, tress and rocks possessing spirits. 

36. Learning about the cultures of the people where I will work as a mining engineer will make me a 

better engineer. 

37. Scientists and engineers see the world more accurately than non-scientists. 

38. Investing in community relations is good business. 

39. When I talk with people who have a different point of view, I sometimes change my own point of 

view in response. 

40. In today’s economy, we need to use lands in ways that generate as much wealth as possible. 
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41. I’m looking forward to working in communities where life is very different from the life I have 

known. 

42. Learning about the traditional knowledge of communities where we work is important because it 

shows respect, but "traditional" knowledge does not have value for the practice of mining 

engineering. 

43. It is reasonable to expect a community that may be in the way of mining to relocate in exchange 

for substantial economic benefits. 

44.  I am confident that mine water-monitoring standards are adequate to protect water quality. 

45. In Canada, the term "traditional lands" refers to those lands owned by Aboriginal people. 

46. I am interested in learning about Indigenous and other worldviews. 

47. People need to understand that mining is now very safe and that their water will not be harmed. 

48. I see where traditional knowledge might inform mining decisions. 

49. In his book about engineering failure, Henry Petroski, former Dean of the Faculty of Engineering 

at Duke University famously paraphrased Alexander Pope saying, "To engineer is human."   

On the scale of 1 -5 where 1 indicates more of a human activity, and 5 indicates more of a 

technical activity, indicate whether you think of mining engineering as being more of a human 

activity or more of a technical activity. 

Theme A: Questions about Values 

1 Communities, defined as a collection of people with shared values and lifestyles living near mine 
site (they could belong to any number of different cultural groups) should understand that mining 
will bring them economic security. 

2 People who oppose mining generally don’t understand it.  

7 Canada's natural resources belong equally to all Canadians. 

9 Communities affected by mining (for example, the farming community of Seeley's Bay, north of 
Kingston, which is next to a wollastonite mine, or the NWT's Lutsel K’e Dene, a trapping 
community near the Diavik diamond mine) ) may be entitled to a larger share of mining profits 
but they should not expect to influence mine planning and operations. 

10 In the twenty-first century, the economic strength of Canada should be a higher priority than 
protecting any particular cultural heritage and lifestyle (e.g. East coast fishing, farming). 

31 Once the government has granted a mining permit, communities should not protest. 

38 Investing in community relations is good business. 

43 It is reasonable to expect a community that may be in the way of mining to relocate in 
exchange for substantial economic benefits. 
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Theme B: Questions about Respect for Diversity 

14 Many of the concerns of communities affected by mining stem from lack of education. 

29 Community concerns are legitimate. 

32 I am not particularly interested in learning about worldviews that are different from my own. 

35 In my work as a mining engineer I am not very comfortable dealing with Indigenous beliefs, 
such as animals, tress and rocks possessing spirits. 

36 Learning about the cultures of the people where I will work as a mining engineer will make me a 
better engineer. 

40 In today’s economy, we need to use lands in ways that generate as much wealth as possible. 

42 Learning about the traditional knowledge of communities where we work is important because it 
shows respect, but "traditional" knowledge does not have value for the practice of mining 
engineering. 

  

Theme C: Questions about Self-awareness 

13 My way of looking at the world is influenced by my cultural heritage. 

6 No cultural group in Canada should receive special consideration. 

16 Engineers have a unique way of looking at the world. 

23 What is considered to be legitimate knowledge is dependent on culture. 
  

Theme D: Questions about Attachment to Disciplinary Knowledge 

8 Scientific knowledge is objective and universal. 

24 Scientific knowledge is objective and verifiable. 

28 As an engineer, I am confident that my knowledge is based on verifiable fact. 

30 The environmental disturbance caused by mining is temporary and communities are overly 
anxious about harm. 

33 Indigenous concerns about water quality are mostly due to their not understanding the high 
standards of modern mining practice. 

44 I am confident that mine water-monitoring standards are adequate to protect water quality. 

47 People need to understand that mining is now very safe and that their water will not be harmed. 
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Theme E: Questions about Receptiveness to the Knowledge of Other Cultures   

3 A mining engineer has to understand the jobs and ways of thinking of different professions: 
mechanical and civil engineers, geologist, planner, investment banker, policy maker, sociologist, 
diplomat and environmental scientist. 

11 If my company is planning or operating a mine near an Indigenous community, the local Elders 
from can provide insights that could be valuable to me as a mining engineer. 

12 Written records are more accurate than oral history. 

17 There is a role for traditional knowledge in mine planning. 

21 Scientific knowledge is more valid and reliable than the "Local" or "Traditional" knowledges of 
the Indigenous peoples of the world. 

37 Scientists and engineers see the world more accurately than non-scientists. 

48 I see where traditional knowledge might inform mining decisions. 
 

Theme F: Questions about Interest in Other Cultures  

5 I am interested in learning about the people and culture of unfamiliar places. 

15 In my work as a mining engineer I must demonstrate to communities that are near mine sites that 
their concerns are heard and responded to. 

25 As a mining engineer, I can influence how the people in affected communities think of mining. 

39 When I talk with people who have a different point of view, I sometimes change my own point 
of view in response. 

41 I’m looking forward to working in communities where life is very different from the life I have 
known. 

46 I am interested in learning about Indigenous and other worldviews. 
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Appendix C: Focus Group Questions 
1. Thinking about your early life and schooling, could you talk about any person or experience 

influenced your decision to pursue higher education and to study engineering in particular.  

2. In the final year of your professional training, you have already acquired a broad base of 

knowledge and a suite of skills that will form the foundation of your engineering practice.  Could 

you talk about your confidence in this knowledge (Its basis, its fallibility, its specificity, its 

limitations, etc.)? How do you know it is correct? 

3. Thinking about engineers you have met, and summer jobs you have held, describe the values that 

you associate with engineering success. 

4. Thinking about the changing context for mining, especially the intensified scrutiny on community 

relations from governments and civil society, what personal attributes do you think engineers 

need in order to contribute to better relationships between companies and communities. 

5. Have you encountered criticism from people outside the field about your choice of career or 

industry performance? Did you feel prepared to respond? How do you or how would you explain 

your role in the industry to someone who was opposed to mining? 

6. Do you anticipate opportunities within your future practice as a mining engineer to build mutually 

better understanding between industry and communities? 
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Appendix D: Mine 201 
  

Course Outline 
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Appendix E: Mine 422 Mining and Sustainability 

Course Outline 2013-4 
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Course Outline 2015 

Instructor: Anne Johnson  
anne.johnson@queensu.ca 

613-533-2205 
 

Contents 

1. Calendar entry 

2. Class and office schedule 

3. Lecture topics  

4. References 

5. Evaluation and assessment 

6. Sought learning outcomes:  competencies 
and assessment criteria 

7. Departmental late policy 

8. Faculty policy on Academic Dishonesty 
9. Accommodation 

Calendar Entry 
MINE 422 Mining and Sustainability  

This course describes the evolution of policies, operational procedures and management systems 

related to sustainability and the social, economic, environmental, ethical, and technical design 

challenges facing the mining industry. Themes examined will include: international and national 

performance expectations, standards and regulations; operational and management responses – 

social and environmental impact risk assessment; stakeholder engagement; impact mitigation 

planning and risk management systems; performance monitoring, evaluation and reporting; 

agreement making and benefit sharing. Students will be introduced to a range of complex 

situations with significant sustainability implications that need to be addressed responsibly 

during the life cycle of a mine, such as land acquisition, population and livelihood displacement, 

cultural heritage and habitat preservation, water use, waste disposal, mining-community 

relationships, mine closure and its community and environmental implications. 

Class and Office Schedule 

Lectures  Tuesday 3:30 - 4:30pm   Dunning Hall Rm 12 

mailto:anne.johnson@queensu.ca
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Wednesday 2:30 - 4:30pm   BioSci Rm 1102 

Tutorial 

Tutorial time is scheduled for Tuesdays 4:30 – 5:30 in Dunning Hall rm 12. There will not be a 

tutorial every week—this time will be used to accommodate the schedules of guest speakers who 

may be coming from some distance.  If tutorials are added to the schedule you will be given 

advance notice in class and via the Brightspace (D2L) course page. 

Lecture Topics 

This course will introduce the many questions that frame the topics of sustainability and 

sustainable development as they relate to mining, including: 

o Origins of these concepts and sources of variation in their definitions  

o Canada’s role in promoting sustainable mining in operations around the globe  

o Public Policy – how engineers can contribute 

o Frameworks for responsible mining 

o Legislation affecting mining projects in Canada 

o International human rights law, covenants and norms respecting indigenous 

rights, environmental protection and financial transparency 

o Industry voluntary standards 

o Aboriginal rights:  Crown Land or traditional territory 

o Environmental assessment – triggers and laws that affect the mining industry 

o Understanding cultural perspectives – Queen’s Four Directions Centre 

o Managing environmental problems – progress and best practice 

o Biodiversity and habitat impacts - avoiding increased risk to threatened 

populations 

o Reducing water usage and protecting water quality 

o Dams – what has been learned from the Mount Polley Review 

• Mine Closure – planning before production starts 
o Setting aside sureties  
o Planning for long-term monitoring of tailings and wastes  
o Environmental stewardship – eventual rehabilitation of site 

• Community Relations 
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o Balancing economic upsides with social downsides  
o Maintaining the elusive Social Licence to Operate 
o Beyond Impact and Benefit Agreements – moving towards partnership 

• Climate change – Do the risks offer opportunities for responsible mining? 
• Energy – reducing use of carbon fuels in extractive operations,  the ethics of coal 

o Oil Sands – production and transport  
• Land acquisition and resettlement  

The delivery schedule has not been finalized as guest speakers are still organizing their own 

schedules.  A final schedule for topic presentations will be ready by September 28, and will be 

posted in D2L.  The dates of guest lectures will be posted in the D2LCalendar.   

Attendance for guest lectures is an expected professional courtesy.     

1. References 

While there is no required text this year,  

Spitz, K., & Trudinger, J. (2008). Mining and the Environment: From Ore to Metal. 
London: Taylor & Francis. 

was formerly required for this course—it remains highly recommended as a reference.   It is 

packed with detailed information and case studies about the linkage of mining’s environmental 

impacts with the other pillars (society and economy) of sustainability.  The text is required in 

MINE 201, so you are advised to hang on to your copy if you still have it, or look for a used 

copy.       

A variety of resources will be provided as required, to supplement the lectures.  Journal articles 

held within the Queen’s University Library as well as links to publically available documents 

(from industry, government and non-governmental organizations) will be made available through 

the D2L/Brightspace LMS. 

Links will also be provided to particular websites for the Writing Centres of other universities.  

Those linked provide succinct and high quality advice addressing common questions and 

uncertainties around expectations for report writing.  

The content of videos that are listed on the course website is required. 

 

Links will also be provided to industry standards for communication style.  
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2. Evaluation and Assessment 

Sustainability can be seen as both the goal of and perspective that guides professional practice.  

Assessment, therefore, will focus on engineering professionalism as well as knowledge 

acquisition.  Promoting sustainable approaches to mineral extraction requires more than technical 

expertise—it requires the ability to communicate with a variety of stakeholders and to craft clear 

and persuasive evidence-based arguments to justify recommendations and decisions.    

 Assessment will be completed on the basis of: 

(1) Three short written assignments 

a. Journal paper review (2 – 4 pages) 

b. Reflection on guest speaker presentation (2 – 3 pages) 

c. CSR Policy audit and critique (5 - 10 pages) 

(2) Completion of The Mining Association of Canada’s Towards Sustainable Mining (TSM) 
certification, and,  

(3) Final research report (10 -15 pages) 

 

Evaluation criteria for each assignment will be provided as part of the assignment description 

and will be linked to the course assessment criteria.  The portion of the course mark normally 

allocated to each task is as follows.   

 
Task Due Date Weight Description 

Briefing Note on 

Journal Article 

Oct. 7 

 
10% From a selection of articles, report 

on challenges that exist for the 
mining industry as it strives to 
incorporate values of sustainability 
following briefing note format 

CSR Policy 
Audit and 
Critique 

Nov. 10 25% From a selection of Canadian 
companies– critique approach to 
sustainability and performance at 
one site 

Reflection on 
Speaker 
Presentation 

latest 

submission 

by Dec. 4 

10% Choose one of the guest speakers 
and discuss the relevance of his/her 
presentation to your practice as a 
responsible mining engineer. 
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Task Due Date Weight Description 
TSM certification Dec. 4 15% No part marks. There is a test at the 

end of each unit and all must be 
passed to obtain certification.    

Final Analysis 
Report  

Dec. 4 40% Requirements will be announced by 
Oct 13 

Topics to be selected with the 
instructor  

Total  100%  
 
 
3. Learning Outcomes:  Competencies and Assessment Criteria 

On completion of this course, learners will have enhanced their understanding of the planning 

and design processes and tools used in open pit mining, and how these  processes influence and 

are influenced by economics, regulatory frameworks, and social, environmental and safety 

concerns.   

Each of these is addressed below. 

Competency Description Assessment Criteria 

1. Knowledge 
Base  

Learner will have an 
enhanced knowledge of the 
dimensions of sustainability 
and best practices currently 
employed to seek 
sustainability.  
Learner will be familiar 
with international covenants 
respecting social and 
environmental performance 
and financial transparency. 

• Identify 4 pillars of sustainability  
• Provide examples of tensions/ interactions 

between pillars that contribute to conflict 
• List international frameworks that promote 

community  and environmental responsibility and 
determine which will apply to a given project 

• Distinguish areas of Federal and Provincial 
jurisdiction in the permitting process 

• List major federal and provincial Acts with broad 
application to mining 

• Articulate sources of tension between Aboriginal 
Canadians and industry 

2. Critical 
Reasoning and 
Analysis 

 

Learner will have an 
enhanced ability to identify 
sustainability problems to 
be solved for a particular 
project. 

•  Identify the critical social and environmental 
issues related to a project’s development and 
operation that can impact on a project’s viability 
and which will have to be addressed during the life 
cycle of the mine 
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Competency Description Assessment Criteria 

Learner will have an 
enhanced ability to 
determine requirements for 
compliance with regulations 
and international covenants 
and to identify opportunities 
for cost-effective 
approaches  

• Identify applicable regulations, international 
obligations, and industry association expectations 

• Identify and respond constructively to key 
stakeholder groups, project affected people, and 
their concerns regarding mine development and 
operation  
 

3. Communication 
of Ideas 

Learner will have an 
expanded understanding of 
ideals represented in the 
Social License to Operate. 
Learner will have an 
enhanced ability to 
conceptualize  complex 
problems that involve: 
• intersecting and competing 

agendas  

• culturally diverse 
perspectives  

• practical, technical 
constraints 

in ways that promote 
respectful, constructive 
dialogue 

• Identify significance and nature of open-ended 
problems 

• Identify problem and constraints including health 
and safety, environmental and societal issues 

• Create and tests simulations/models/prototypes 
• Assess design performance based on specification 

and requirements 



306 

 

Competency Description Assessment Criteria 

4. Expanded 
Perspective 

Learner will appreciate the 
complex interplay of 
political, environmental, 
social, ethical and technical 
issues and conditions that 
influence exploration, 
mining, processing and 
marketing of mineral 
products. 
 
Learner will appreciate the 
role played by culture in 
shaping attitudes to mining. 

• Articulate the potential of a project to contribute 
to the social, economic and environmental well-
being of the affected community. 

• Learner can identify risks that are felt by the 
affected community 

• Demonstrate  sensitivity to different perspectives, 
around mineral resource development: 
• respect the validity of other perspectives; 
• creatively seek approaches to  design and 

operations that address concerns and 
communicate respect  for stakeholder 
perspectives 

• Describe broad strategies to address concerns and 
build trust.  

 

5. Communication 
skills 

 

Learner will have an 
enhanced capacity to 
concisely and effectively 
express ideas in written 
form 

• Written response to assignments meet specific 
stated requirements for format and, length  

• Language is concise and accurate 
• Content and tone is professional, authoritative and 

appropriate to audience 
• Figures, tables and drawings to engineering report 

standards are employed as required 

6. Impact of 
Engineering on 
Society and the 
Environment 

Learner will have an 
enhanced understanding of 
policy as it affects 
legislation. 
Learner will have an 
enhanced understanding of 
the design implications of 
legislation and social 
expectations with respect to 
health, safety, the 
environment and economic 
contributions of mining to 
society 

• Articulate competing economic, cultural, societal 
and technical considerations 

• Articulate engineer’s responsibility as technically 
literate citizen to contribute to policy development: 
• List ways in which engineers can contribute 

to the evolution of policy that frames 
sustainable practice and advances the goals 
of sustainability 
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7.  Late Policy 

Assignments must be submitted through the assignment drop boxes provided by 

D2L/Brightspace course web page.  All assignments are scheduled to be submitted by the 

beginning of the lecture on the due date. 

Assignments may be submitted for up to one week after the due date, but will be subject to a late 

penalty of 10% per day.  One week after the due date, the drop box will close.  This electronic 

submission policy has been adapted from the official departmental late policy, which follows 

below:     

• Assignments will only be accepted during class time, and marked assignments will only 
be handed back in class. 

• No assignments will be accepted at the main office. 
• Late penalties will be applied at a minimum rate of 10% per day. Assignments over a 

week late will not be accepted. 
• Once solutions are provided in class or during tutorials, no further assignments will be 

accepted. 
• Exceptions will be approved for valid reasons (Doctor’s note, official University notice 

etc.). 
• Instructors may provide additional requirements for assignments and projects.  
  

8.  Faculty Policy on Academic Dishonesty  

A commitment to academic integrity is fundamental to this course. Suspected broaches of 

academic integrity will be investigated and dealt with under Faculty of Engineering and Applied 

Science policies.  

 

All findings of a departure from academic integrity will be reported to the Faculty Office.  At a 

minimum students found to have departed from the standards will face a total grade loss for the 

work in question, and may face a total grade loss for the course.  

 

If you are not familiar with the Faculty’s academic dishonesty policies or have questions about 

academic integrity refer to the following or ask for clarification: 

http://engineering.queensu.ca/policy/Honesty.html 

http://engineering.queensu.ca/policy/Honesty.html
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9. Accommodation 

Students with diverse learning styles and needs are welcome in this course.  In particular, if you 

have a disability or health consideration that may require accommodations, please feel free to 

approach me and/or the Accessibility Services Office as soon as possible. The Accessibility 

Services staff is available by appointment to assess specific needs, provide referrals and arrange 

appropriate accommodations. The sooner you let us know your needs, the quicker we can 

assist you in achieving your learning goals in this course. 

 

If you experience any difficulties with the course I encourage you to talk to me as early as 

possible.  The earlier we identify and address issues the less likely they are to impact your 

performance in the course. 
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Assignment 1 - Journal Paper Review 

Select and read one of the papers listed below:  

1. Hilson, G., & Murck, B. (2000). Sustainable development in the mining industry: 
clarifying the corporate perspective. Resources policy, 26(4), 227-238. 

2. Cragg, W., Pearson, D., & Cooney, J. (1995). Ethics, surface mining and the 
environment. Resources Policy, 21(4), 229-235. 

3. Davis, R., & Franks, D. M. (2011, October). The costs of conflict with local communities 
in the extractive industry. In Proceedings of the First International Seminar on Social 
Responsibility in Mining, Santiago, Chile (30). 

In briefing note format, report on the key findings or recommendations of the paper, paying 
particular attention to the authors' view of challenges that exist for the mining industry as it 
strives to incorporate values of sustainability and respect for communities andto economically 
viable business practice.  Your briefing note should be between 2-4 pages long.   

Submit your completed assignment here. 

Note also that files submitted in pdf format will not be accepted.  Only .doc and .docx extensions 
will be accepted. 

File naming format: 

LASTNAME_FIRSTNAME A1.doc 

NOTE:  This assignment is worth 10% of your total grade and is due by 2:30 on October 7.   

A penalty of 10%/day will apply until October 14 at 2:30 pm after which point the drop box will 
close. 

If you are unfamiliar with the structure and tone of a briefing note, see How to Write Briefing 
Notes, which is used by the Public Service of Canada.   

http://www.sciencedirect.com/science/article/pii/S0301420700000416
http://www.sciencedirect.com/science/article/pii/S0301420700000416
http://www.sciencedirect.com/science/article/pii/0301420796850562
http://www.sciencedirect.com/science/article/pii/0301420796850562
https://www.csrm.uq.edu.au/Portals/0/11srm_cap06_p88.pdf
https://www.csrm.uq.edu.au/Portals/0/11srm_cap06_p88.pdf
https://www.csrm.uq.edu.au/Portals/0/11srm_cap06_p88.pdf
http://www.publicsectorwriting.com/?page_id=6
http://www.publicsectorwriting.com/?page_id=6
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Assignment 2 - Audit of Sustainability/CSR Policies 

Review the posted CSR Policies of one of the following major companies: 

• KINROSS Gold 
• Sherritt 
• Goldcorp 
• Hudbay 
• DeBeers 

These companies are either headquartered in Canada or have Canadian divisions.  From their company 
webpages, you will find annual reports that detail activities and successes of the past year and look 
forward to the future.  (NI 43-101 submissions also contain audited information about such things as: 
internal policies, expenditures on CSR, conflict mitigation, etc.,.should you choose to look in greater 
depth). 

Part 1 (10 marks) 

Audit company policy in the following way: 

Identify the documents you have selected as evidence.  I expect you to choose 4-5 documents (such as the 
annual report to shareholders, newsletters, or pages off main corporate web site- don't stop at the first one 
you find - find the ones that have lots of information)) 

In a table (Excel), organized by document, list the standards, vision, values, key features and/or 
accomplishments that the company presents to demonstrate its commitments to the principles of 
sustainability.  For each list item, identify the specific international law, covenants or voluntary standards 
that is being adhered to.  

Hint: This requires significant and alert reading!  You will not find the answers in a list.  You'll have to 
look CSR /Sustainability and Community Relations reports and webpages linked from company main 
page. 

Part 2 (6 marks) 

In company reports you will see information about 3rd party audits (TSM and GRI). Verify whether the 
company has had such audits and note dates of most recent audits under these systems. (2 marks) 

Look to see what has been written about the company over the past 5 years the popular press (eg. Globe 
and Mail, Financial Post, The Guardian, cbc.ca/news).  For this assignment, it is as important to consider 
what is being said about the company's performance as well as how it presents itself.  Referring to 
media reports, evaluate how well the company is translating its CSR/Sustainability policies into 
action.  (4 marks) 
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Part 3 (4 marks) 

If mainstream popular media reports indicate that performance on the ground falls short of promises, 
recommend effective responses to criticisms to be taken in both: 

• the short term, and  
• mid to longer term. 

Format and important reminders 

1. Format your submission as a report, and place the following title on the cover page:   

Sustainability Performance Audit 

Prepared for:   

the company you have chosen 

by   

your name 

Robert M. Buchan Department of Mining at Queen's University 

Date:  Nov 17, 2015 

2. Take care to proofread before submitting. 5 marks are allocated for format and correctness.  Make sure 
there are no spelling and grammatical errors and give your file the required name. 
Submit your completed 5- 8 page assignment here. 

Note that files submitted in pdf format will not be accepted.  

Only .doc and .docx extensions will be accepted. 

Use the file naming format: 

LASTNAME_FIRSTNAME A2.doc 

NOTE:  This assignment is worth 25% of your total grade and is due by 3:30 on November 
17.   

A penalty of 10%/day will apply until November 24 at 2:30 pm after which point the drop 
box will close. 
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Assignment 3 - Community Engagement Plan71 

Assignment 3 is worth 40% of the grade for MINE 422.  It asks you to prepare a written community 

engagement plan. Details about expectations will be described in class 

The GrabitCo Project 

You are an intern for GrabitCo, a mining & exploration company, currently exploring for polymetallic 
sulphide-bearing ore deposits which include a gold component. GrabitCo knows you have taken this 
course and thus you have been selected to work on the project. 
 
GrabitCo's project involves two traditional and remote fly-in fly-out Aboriginal communities in northern 
Ontario. The proposed exploration program is planned for spring 2016.  
The exploration program consists of: 

• an airborne detailed helicopter-borne geophysical magnetic and  
• EM survey over four anomalies identified previously from government geophysical 

maps.  

The four anomalies identified will be inspected on the ground to check whether there is any visible 
explanation or source for these anomalies. 

If there is no visible explanation, two NQ size core drill holes will be drilled into each target to a 
maximum of 500m depth or less if the anomaly is explained and is of no interest before 500m.  

The program will use two helicopter portable drills. The budget for the next phase of the proposed project 
is Cdn$2.0 million for all activities including community engagement. You do not need to indicate the 
order of magnitude cost for the engagement part of the proposed program.  

Summary of the Assignment Task  

1. Based on what you learned in class and referring to documents that offer guidance in the 
development of a best-practice quality plan, prepare a written community engagement 
plan. 

2. Include an outline of any benefits that you recommend could be offered to the two 
communities. 

Detailed Requirements 

Part 1: Develop the scenario in greater detail 

1. Assume that the ore deposit being explored is located somewhere in Northern Ontario. 
(you do not need to refer to geological surveys, or to the claims map to verify the 

                                                 
71 With thanks to Dr. Jonathan Fowler for his help in the development of this assignment. 
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presence of ores of the type described here---this part of the exercise is pure 
fiction).  You can imagine that it is located anywhere at all.  

2. Describe in detail, the particular qualities, exploration considerations and environmental 
risks associated with advanced exploration and mine development for ores of this type. 

3. Referring to the map of Aboriginal communities in Northern Ontario, select two remote 
communities that would potentially be affected by development of this fictional deposit.  

4. On the map, drop locate your deposit (fictional deposits always occur in arbitrary 
locations - the placement is up to you)  

5. Describe the geographic features of the area that is home to the communities and your 
deposit.  This description must include information (obtained from reliable sources such 
as the Governments of Canada or Ontario, or various think tanks and industry 
associations (Fraser Institute, the Canadian Geographic Society, MAC, PDAC), 
respecting land usage in the surrounding area, transportation and energy infrastructure, as 
well as watersheds.  

6. Based on the information compiled in #5 above, map and describe the infrastructure 
required to fill any gaps in order to  

1. Build the mine and mill 
2. Operate mine and mill 
3. Ship processed ore to market 

Part 2:  Create an engagement strategy 

Recall that the Engagement Strategy is about determining what the company wants (outcomes) from 
engagement with the stakeholders.   

Summarize Grabit's Engagement Strategy in the form of either a table or graphic.  (Refer to the Lecture 
notes or to any of the recommended readings (IFC, BSR in particular, lay this out). 

Part 3: Identify stakeholders 

Identify and characterize stakeholder groups and their concerns related to this project.  This section will 

include 2 important graphics: 

• A Stakeholder Map (as shown in the Lecture notes). 

• An Impact Zone diagram (also as shown in the notes) 

Part 4: Produce a detailed plan for the engagement   

In detail, outline the engagement steps (Feel free to show the process with a graphic). 

• Identify communication and outreach tools that you will employ 

• Identify (by position) the staff who will be involved in the engagement.  

• Identify any extra expertise that may be required to effect the plan. 

• Using the information you have, suggest and defend appropriate timelines and milestones for the 

engagement. You do not have to cost out the engagement plan.    
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Submit to the dropbox with the file identifier 

LASTNAME_FIRSTNAME MINE422 Assignment 3.DOC or 

LASTNAME_FIRSTNAME MINE422 Assignment 3.DOC 

Assignment 4 - Reflection  

Assignment 4 is the most personal of all of the assessment tasks in MINE422.  It is conceived of as an 

exercise that benefits both you, as graduating engineers, and me, as an instructor.  Exercises of this type 

are common in other disciplines. 

Why a reflection? 

For you, the benefit is the integrative power of reflection, an intellectual exercise that many academics 

(from education to psychology to neuroscience) as well as popular life and career coaches claim to be the 

most important part of learning.  It's probably right up there with mindfulness and meditation in 

effectively extracting lasting value from the sometimes stressful world of classes and deadlines.  It 

promises to assist in development of a balanced and confident approach to consolidating the knowledge 

and skills that your professional success will be build upon. 

Reflective papers following a placement or a specific skills-acquisition unit are standard assignment in 

medical and allied health education—unlike when you go back over a lesson before an exam to learn the 

content of the lesson, the intention of revisiting a lesson for a reflection is to determine the meaning of the 

lesson—something that will be unique to each individual. 

Your reflection paper's value to MINE422 

For me, as an instructor, the privilege of sharing your reflection will help me to better understand what 

guest topics have most relevance and resonance.  It will help me to plan for the provision of learning 

opportunities that will address the interests and concerns of the class of 2017.  Before you begin to read 

the requirements, I would like to thank you for approaching the assignment in the spirit of sharing and to 

assure you that your reflections will be treated with strict confidence.  

Even though a reflection paper is not meant to be a personal intrusion, (and you are the best judge of how 

much you wish to share) any opinion you may have is legitimate and there will be no negative 

consequences for expressing a view that is  

• unpopular 

• contrary to the view or advice expressed by the speaker 

• contrary to any opinion I have expressed (or that you assume I might hold). 

Requirements 

http://hbswk.hbs.edu/item/learning-by-thinking-how-reflection-improves-performance
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There is no formal rubric for this assignment.   

Length:           1-2 pages (depends on whether you've mastered the art of concise writing) (.5 mark) 

Spacing:          1.5 lines, 10-11point font, normal page borders (.5 mark) 

Correctness:    Spelling, grammar, use of paragraphs, structure (3 marks) 

Summary:        Sufficient short summary of speaker's key message that a reader who had not attended, 

would be able to appreciate your reflection (2 marks) 

Reflection:       Three quarters of your paper should be devoted to a discussion of one or more of the 

themes suggested here: 

• your thoughts on the significance of the speaker's message to your practice/career path  
• your sense of its implications for problems in our field, 
• your fresh thoughts on prior learning (re-thinking or hindsight) on practices, approaches, 

procedures, etc. that you may have taken for granted or accepted uncritically  
• your assessment of changes to the regulatory environment that may result from the facts/issues 

presented by the speaker, etc.  (4 marks) 
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Appendix F: Focus Group Transcripts  

Excerpt from Focus Group 3  

Reading notes: 
1. The labelling convention employed to protect participant privacy.   Researcher comments are 

labelled R, participants are identified by a unique label of the form “na” where “n” is the focus 

group number, here it is “3,” and “a” is an alphabetic character assigned in sequence to 

distinguish between the five participants in the group (i.e. “A” through “E,” for all groups).  

2. As described in Chapter 4, thematic analysis involves an iterative search for patterns in the 

responses. Highlighting illustrates the phrases and topics that emerged as patterns in the first pass.  

R: The final question - Do you anticipate opportunities within your future practice as mining 

engineers to build mutually better understanding between industry and community?  

3A: Is it like do I see myself having the opportunity to make an effect? 

R: Well, perhaps just looking down the road 5 or 10 years in your job … 

3A: I think when the years go by, as I said., people are learning to listen more and talk less and 

one big one is going to be educating the people because again I’m concerned because most of the 

time – I’m not going to say they have no idea but  most of the time they don’t know what the 

company does or what goes on past the doors of the mine site – it’s actually incredible the 

amount of money that goes into environmental and social corporate social responsibility – I’ve 

seen it and I think companies are trying to make an effort – a big effort with the environment and 

I think the next step is going to be that before you are get to the point where developing your 

mine you’re going to let everyone in the country or the community know what your project is 

about, what the benefits are going to be, what your standards are and I think that will lead to a 

better educated population that will basically understand mining in a I’m not going to say accept 
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mining but at least they can build their opinion on true facts not just something that’s been 

overheard in like someone said something and then it just misheard and twisted a little and then 

someone said something else, and passed around until they say “mining’s bad and that’s it.  So 

you know I think that as people become more educated that the industry will be in much better 

shape. 

3B: I think the more positive examples we get as we go forward the better it’s going to get, right? 

So right now we are looking at the Ring of Fire and it’s probably not going to go forward for a 

variety of risks as you will probably know if you read my country report (group laughter). And I 

guess it’s like, well,  looking at the Pebble project, the big thing to manage is always uncertainty 

so it’s like we’ve never built a mine this big with sulphide ore how will the environment respond 

– how do make sure that it’s protected, and for the Ring of Fire it’s how do we make sure the 

Aboriginal people are on board  and get the infrastructure built and like the more positive 

examples you have of how it went right, the more you can show we can do things right the easier 

it’s going to get  and so we can educate people and say look we’re not lying to you.  This can be 

done properly.  This is what they’ve done here this is what we want to take from this sample so 

this not a threat to you.  

R: We almost need working prototypes of relationships. 

3B: If you could say to someone from a mining operation in the Ring of Fire and you take them 

to somewhere in Northern BC or you bring someone from Northern BC to the Ring of Fire you 

could see hey look this is what we’ve done here and it’s working great and the community is 

really behind it and the person could look at it and you know what, I trust you because you could 

do that with my community. 
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3C: But right now we don’t have that because we have a long history of individuals who weren’t 

truthful with people and that’s why it’s changing because now people they want to do the right 

thing and keep people happy because at the end of the day if people aren’t happy then your 

operation isn’t going to run very smoothly right? It’s good for everybody. 

3A: I understand that we don’t have the positive examples to show people as much as the 

negative examples. 

3D: Everybody hears about Mt Polley.  No one hears about all the tailings dams that are sitting 

pretty in Ontario.    

3E: Which is not good, right? …because the only people who read the mining media, which 

shows both sides of the stories, are people in mining (laughter) 

3C: There is never good news.  It’s gotta be bad whatever – go on CBC- it’s all bad news.  Try 

and find something good – no – it’s Kinder-Morgan 

3B: I think I saw something about mining on asteroids – that was kind of cool. 

3C: Well yeah but look they talk about Keystone XL they talk about Kinder-Morgan, they talk 

about Mt. Polley. It’s never good -  

3E: Something stimulating makes it news – no one cares if they see a tailings dam that has been 

functioning for a hundred years doesn’t stimulate discussion. 

3C: I’m not just talking about the general public though, I’m talking about like specifically.  If 

we’re interested in building relationships between communities and industry we’re not talking 

about CBC reporting on it. We’re talking about proving to these people that we can do what we 

say we’re going to do. Like CBC is always going to cover tailings breeches, when they occur, 

but we are going to have to explain as best we can with example, like good examples of 
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operating mines that are doing great without any failures..  We can’t rely on the media to portray 

that message. 

3B: Because it’s not an event when something is existing, doing its job.  It’s only an event when 

it fails. 

3D: And convincing people of that – I guess it ties all the points together – you really need a 

good understanding of the industry as a whole which we are getting.  I guess you’re asking us if 

we would be prepared to explain it and I guess you only understand it when you get the 

education and people like try to push strong opinion based on no proof and like the 

environmental science class nothing negative you know but they just have the idea that mining is 

bad, and like, “Well prove it!”  

3A: There are a lot of people at Queen’s who just think mining is really bad and they are closed 

to any alternate views. 

3E: Yeah and it just gets passed on - there is a stigma about mining among most people – they 

don’t really know why but they’re certain we’re involved in something bad.   

3C: Like how many times have you had this happen – someone hears you’re in mining and they 

say “Oh so do you still use a pick-axe?” 

(laughter) No way! 

3C: You know it’s true – it’s ridiculous but it’s still a common belief and you see it everyone. 
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