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A B S T R A C T

Knowledge of mining is an important factor that can influence acceptance of activities conducted by the mining
industry. However, understanding the objective knowledge of mining activities of the important stakeholder
groups in mining is an issue that has been neglected. On the basis of an on-line survey focused on various target
groups of stakeholders in Australia, we have examined a hypothesized model of factors that constitute knowl-
edge of mining. The results show that knowledge of mining activities varies according to socio-demographic
characteristics, experience of mining activities, and information sources about mining. Our findings highlight the
key role of direct experience with mines and rehabilitation sites and the role of information in increasing
knowledge of mining. In an effort to identify factors that frame acceptance of mining, the present study shows a
new perspective by addressing objective knowledge of mining as an important asset that needs to be maintained
and more widely spread.

1. Introduction

Protests against coal mining activities have frequently dominated
newspaper headlines worldwide. The consequences of these protests
have been not only financial losses for mining companies, but also so-
cietal unrest and decreasing acceptance of mining activities within so-
ciety (Owen and Kemp, 2018). The relationship between the coal
mining industry and society based on the acceptance of mining has
been widely recognized as an essential component in successfully set-
ting up and running mining businesses, their profitability and the
minimization of business risks (Hendrychová and Kabrna, 2016; Lima
et al., 2016; Que et al., 2015; Badera and Kocoń, 2014; Franks et al.,
2014; Moffat and Zhang, 2014). Management of the social and cultural
impacts of coal mining is a subject of concern, not only to mining
companies and local governments, but increasingly for researchers who
are trying to understand the problem in order to suggest novel and
effective policies and communication channels between the mining
industry and society (Viveros, 2017; Litmanen et al., 2016; Barkemeyer
et al., 2015; Hodge, 2014; Moran et al., 2014; Badera, 2013; Hilson,
2000). Researchers such as Haalboom (2016), Kemp et al. (2012),
Preuss (2010) and Nijhof et al. (2006) have indicated the importance of

knowledge for effective corporate social responsibility in mining.
Our research focuses on the coal mining industry in Australia, the

world's largest exporter of black coal and the fourth largest producer
(ITA, 2017). Although coal remains one of the leading global energy
resources, its mining activities have multiple cumulative impacts (Wang
et al., 2018; Franks et al., 2010). Addressing the theoretical conceptual
model, the aim of this study is to conceptualize and analyse knowledge1

of mining activities2 possessed by various stakeholder groups in the
framework of the Australian coal mining sector.

2. Theory

2.1. Influence of knowledge on cognitive and behavioural attitudes

The definition of knowledge as the amount of information stored in
the memory places the focus on the individual (Pardi, 2011). Knowl-
edge is influenced by a person's intellectual and socio-demographic
background, beliefs, moods and experiences (Baharoon et al., 2016;
Badera, 2013; Uggioni and Salay, 2012). As determined by Wijnhoven
(1999), information sources can also significantly affect knowledge,
and likewise representations of knowledge (Kraaijenbrink et al., 2005).
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It is widely recognized that the amount of knowledge has a crucial
effect on how information is interpreted and accepted, especially in-
formation cues (Dagger and O’Brien, 2010). Selnes and Troye (1989)
observed that people with a great amount of knowledge have more
developed cognitive structures, comprising a broader range of relevant
information that helps them to process information in a more detailed
manner when making decisions. In contrast, people with less knowl-
edge tend to perceive a higher level of risk, and be more critical of new
technologies and products (Dagger and O’Brien, 2010; Webb, 2000).
Similarly, Baharoon et al. (2016) pointed out that the amount of
knowledge held by a community has a positive effect on the overall
acceptance by the community of government plans and development
decisions in its area. It is increasingly evident that to acquire and
maintain a competitive advantage and acceptance by the various sta-
keholder groups including local communities, the cognitive source of
knowledge must be explicitly managed (Haalboom, 2016; Schiuma,
2012).
Furthermore, knowledge has been recognized as behavioural po-

tential. It is widely accepted that people behave in accordance with
their knowledge and beliefs (Hunt, 2003; Miller, 1978; Ayer, 1958).
Knowledge has also been described as a structural property of beha-
vioural attitudes that is a function of beliefs and experiences (Fabrigar
et al., 2006; Krosnick and Petty, 1995). Thus, a high level of knowledge
is likely to lead to attitudes that are more stable over time (Eagly and
Chaiken, 1993; Davidson et al., 1985).

2.2. Experimental studies on knowledge of mining: a critical overview

The importance of knowledge for activities with wide social and
environmental impacts, such as mining industry operations, is well
known (Basu et al., 2015). To date, however, there has been very
limited research on knowledge of coal mining (Litmanen et al., 2016;
Moffat et al., 2014; Badera, 2013). Moffat et al. (2014) measured self-
reported knowledge of the CSG mining industry in Australia, and con-
cluded that Australians evaluated their knowledge as low. Litmanen
et al. (2016) measured knowledge of all types of mining in Finland
based on self-assessed satisfaction with the level of information about
mining and familiarity with local mines in local communities in two
Finnish regions. The researchers found that familiarity with metal mine
operations was strongly positively correlated with acceptance of mining
for metals. However, the connection between familiarity and knowl-
edge was not understood very well. Further details about knowledge of

mining were presented by Badera (2013), who investigated self-as-
sessed satisfaction with knowledge of surface lignite mining activities in
Poland. The study found that over half of the members of the com-
munity considered their knowledge of mining to be satisfactory. This
satisfaction with knowledge was significantly influenced by gender and
by professional connection with the lignite mining industry. Although
Badera (2013) investigated the influence of selected socio-demographic
characteristics of participants on their satisfaction with their knowl-
edge, he did not investigate the objective knowledge level and its de-
terminants within any integrated framework.
Although previous studies have investigated knowledge of mining,

they examined only subjective knowledge evaluated by the participants
themselves. An investigation of subjective knowledge of mining raises
difficulties and complexities. For example, Sitzmann et al. (2010)
pointed out that the accuracy of self-assessments of the amount of
knowledge is insufficient, and that people's self-perceptions appear to
have only a tenuous relationship with reality. Dunning et al. (2004; p.
98) demonstrated that there is still “a striking continuity in the errors that
people make when they assess themselves”. While a high level of subjective
knowledge increases reliance on previously stored information (Brucks,
1985), objective knowledge facilitates deliberation and the use of newly
acquired information (Selnes and Gronhaug, 1986). Furthermore, ob-
jective knowledge positively affects the number of attributes considered
by an individual when making a decision (Brucks, 1985). Selnes and
Gronhaug (1986) propose that objective measures are preferable when
research is focused on ability differences, whilst subjective measures
should be used when concentrating on motivational aspects of product
knowledge. Aertsens et al. (2011) who measured effect of both sub-
jective and objective knowledge on attitudes towards organic food
confirmed that higher level of objective and subjective knowledge were
positively related to a more positive attitudes.
No complex research has yet been reported on factors influencing

the objective knowledge of mining possessed by individuals from var-
ious stakeholder groups in the coal industry, and the topic has not been
systematically investigated in the past. Our study targets to fill this gap.

2.3. The aim, the context and the contribution of the study

The aim of this study is to conceptualize and analyse knowledge of
mining activities and the factors that constitute this knowledge. The
study proposes the conceptual model presented in Fig. 1. The model
includes variables identified by previous research as key determinants

Fig. 1. The model of factors contributing to knowledge of mining activities. The model represents a scheme of hypothesized relationships between variables (see
arrows).
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of the concept of knowledge (e.g., Haalboom, 2016; Laplonge, 2017;
Litmanen et al., 2016; Moffat et al., 2014; Badera, 2013; Preuss, 2010;
Fabrigar et al., 2006; Nijhof et al., 2006; Wijnhoven, 1999; Krosnick
and Petty, 1995; Eagly and Chaiken, 1993; Davidson et al., 1985;
Miller, 1978; Ayer, 1958). The present study aims to investigate the
effect of three main groups of variables (socio-demographic char-
acteristics, experience with mining activities, and sources of informa-
tion about mining), and their interactions, on knowledge of mining
activities held by individuals from four key stakeholder groups in the
coal industry (see Fig. 1).
The hypothesized model has been developed and tested as a con-

tribution to the theory of public knowledge of coal mining activities.
Our study adopts a novel approach, while recognizing the importance
of knowledge of mining activities as an aspect of the public image of
coal mining industries. Knowledge is approached as a measurable in-
tangible asset based on particular factors and their interactions, which
are subjected to an analysis. This kind of complex analysis of factors
and their mutual influences has been neglected by previous research.
We suggest that a comprehensive investigation can provide a deeper
insight into the issue.
The study is based in Australia, one of the world's top coal mining

countries. Australia possesses vast amounts of energy resources, and is
distinctive among industrialized countries with strong economies for its
degree of dependence on mineral sector exports. The minerals industry
is Australia's largest export industry, producing about 50% of
Australia's total export earnings, which brings substantial economic
benefits. Mining's share of the country's GDP has risen rapidly over the
last decade. In 2017, the mining and mining equipment, technology and
services sector contributed around 15% to Australia's gross domestic
product (GDP), and supported 1.1 million jobs nationwide – around
10% of overall employment (Masige, 2017). Furthermore, mining has
been one of the driving forces for much of the exploration of Australia's
remote inland and for Australia's industrial development (Eklund,
2015). Although energy sector has been responsible for shaping Aus-
tralian history, and continues to play a dominant role in Australia's
economy, the relationship between the coal mining industry and society
is not well understood. It remains a complex and sensitive topic (Owen
and Kemp, 2018; Van der Plank et al., 2016). Coal mining production in
Australia continue to increase, but mine rehabilitation is in its infancy
(Campbell et al., 2017). It is crucial to undertake this study in such a
puzzling environment, in order to gain a better understanding of the
issues.

3. Data collection and analysis

Our study was designed using quantitative data collection activities,
as discussed in Neuman (2006), after ethical approval had been given
by Monash University. To analyse the proposed model, we developed
an anonymous questionnaire targeting four groups of respondents:
mining communities (i.e. members of the public living in the vicinity of
coal mines), mining employees, industry regulators and local councils,
university staff and students in the field of mining, particularly studying
or working in Mining Engineering, Geology and Mine Closure.

3.1. Selection of respondents

Respondents were selected using stratified random selection and
snowball sampling (Disman, 2008). The goal of the selection was to
obtain a sample from four target groups, not a representative sample of
the Australian population. These groups were a priori selected on the
basis of their different experience with mining and their presumed
different levels of knowledge of mining activities. Mining communities
experience mining activities in their daily life in immediate vicinity of
their homes. Their experience is therefore different from the experience
of professionals in the mining industry. Industry regulators and local
councils have institutional experience, and university staff and students

possess higher level of knowledge in the field of mining. A total of 400
randomly selected respondents (100 from each group) were sent an e-
mail invitation to complete the questionnaire. They were randomly
selected from the initial list containing a total of 1 000 email addresses
– 250 per target group. The members of the ‘mining community’ group
were selected from various community groups and NGOs in different
mining regions in Australia, using internet searching and/or a re-
commendation. The ‘mining employees’ members were selected from a
list of all mining companies operating in Australia. Industry regulators
and local councils were selected via their web pages on the basis of their
affiliation to a mining region, and the university staff and students were
selected from three Australian universities that offer courses in mining:
Monash University, the University of Queensland, and Federation
University Australia. The subsequent snowball sampling was carried
out by the respondents themselves, who had the option to send in-
vitations to other people who are relevant and might be interested in
the survey. The survey was conducted on the website of Monash Uni-
versity and was carried out from August to December 2015.

3.2. Questionnaire design and distribution

The questionnaire was developed according to the standards for
Internet-based quantitative studies (see Reips, 2002), and contained
questions on participants’ socio-demographic characteristics, their ex-
perience with mining activities (both generic and specific to coal
mining) and their knowledge of mining and mine rehabilitation. To
measure participants’ knowledge of mining activities, we designed
twenty statements about basic facts of the mining industry, both generic
and specific to Australia and to the coal mining sector. For example,
“Mine rehabilitation means the establishment of a stable and self-sustaining
ecosystem” or the “Coal mining industry is one of the primary industries in
Australia and a significant contributor to Australia's Gross Domestic Pro-
duct. These statements were selected from an initial list of 50 statements
via consensus in a group of senior researchers from Monash University
and from the University of Life Sciences Prague, and were edited on the
basis of the results of a pre-testing pilot study of the questionnaire (30
respondents; July 2015). Participants evaluated the statements as true
or false, or if they did not know the correct answer they could choose
the option ‘Don’t know’. Each participant obtained a total knowledge
score composed of the sum of correct answers, as guided by methods
used by Uggioni and Salay (2012). A correct answer was scored as 1,
and wrong or ‘Don’t know’ answers were scored as 0 for all 20 state-
ments. The knowledge score of each participant was placed on a scale
from 0 to 20.
A total of 330 residents of various parts of Australia participated in

the survey. The overall response rate was 82.5%. All participants took
part in the study on a voluntary basis, and their participation was
therefore considered to be based on their interest in the issue of mining
(similar to Zhang et al., 2015). Table 1 presents the structure of the
survey sample according to socio-demographic information on the
survey participants, their experience of mining activities and their main
information sources about mining.

3.3. Statistical analyses

The effect of respondents’ demographic characteristics, their ex-
perience with mining, and their sources of information about mining
activities (Table 1) on their knowledge score (dependent variable) was
analysed by Generalized Linear Models (GLMs). As a quantitative re-
sponse variable, the knowledge score was converted into a variable
with binomial distribution comprising two vectors – the actual number
of points for correct answers and the number of points not scored (in-
correct answers and Don’t knows). For example, if the number of points
scored by a certain respondent was 14, the number of points not scored
was 6. The value 14 represents the respondent's successful responses,
and is a measure of the respondent's range of knowledge, while the 6
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points not scored are a measure of the respondent's lack of knowledge
(the higher this value, the lower the level of knowledge). Following the
standard rules in modelling with binomial errors (Crawley, 2007), we
used the cbind function and bound together two vectors of the response
variable into a single object ‘y’, which comprises both vectors. This
single object ‘y’ was used in further analyses as the response variable,
instead of using the original number of points gained. Subsequently, the
significance of each explanatory variable was analysed within a sepa-
rate model using GLM, in order to sort these variables in descending
order according to their particular significance in the full model (i.e.,
the most significant variable was placed first in the full model). Apart
from these main variables, all double interactions between the variables
were included in the full model. The full model was then simplified, i.e.
all non-significant variables (p > 0.05) in the last position in the model
were excluded step-by-step, using the backward selection procedure
(Crawley, 2007). The final model, consisting only of significant vari-
ables, was checked using standard statistical diagnostics. All analyses
were performed using R statistical freeware, version 3.0.2 (R Core
Team, 2013).

4. Results

Data analysis showed that the knowledge score varied according to
all three groups of variables from the tested model – demographic
characteristics, experience with mining activities, and information
sources about mining. The particular factors and their interactions that
significantly affected respondents’ knowledge of mining activities are
presented in the following sections, and also in Table 2, Table 3 and
Fig. 2. Their effect sizes (coefficients of determination, R2) are pre-
sented in Tables 2 and 3. The influence of the predictor variables in the
following sections is described in terms of their effects (i.e. regression
coefficients) and their significance (p-values).

4.1. Demographic characteristics

The respondents’ knowledge was affected by gender (p < 10−6; R2

= 0.020) with men showing higher levels of knowledge than women.
The second significant demographic variable was the level of the

respondents’ education (p= 0.04; R2 = 0.007). Respondents with
university degrees showed slightly higher levels of knowledge than
respondents with lower education (Table 2). Other demographic para-
meters: nationality, whether the respondent was born in Australia, and
age, did not influence the respondents’ knowledge of mining activities

Table 1
Information about participants: their demographics, experience with mining activities, and their main sources of information about mining. The percentage in
brackets in the right column shows the structure of the survey sample in each category of a variable.

Socio-demographic characteristics Categories (%)

Age 18–29 years (17.0%); 30–49 years (39.7%); 50–64 years (33.3%);
over 65 years (10.0%)

Education University degree (83.9%); Lower than university level (16.1%)
Gender Male (57.0%); Female (43.0%)
Life in Australia (i.e. how long the participant has been living in Australia) Whole life (65.8%); Others (34.2%)
Nationality Australian (87.3%); Others (12.7%)
Place of residence (i.e. character of the region where the respondent currently lives) Mining region (18.2%); Non-mining region (18.2%); Metropolitan

area (63.6%)
Experience of mining activities Categories (%)
Distance of an open pit mine from the respondent's place of residence Less than 50 km (33.6%); More than 50 km (44.5%); Don't know

(21.8%)
Distance of an underground mine from the respondent's place of residence Less than 50 km (17.6%); More than 50 km (49.1%); Don't know

(33.3%)
Occupation / study focus Mining and/or rehabilitation (33.9%); Others (66.1%)
Place of residence (i.e. character of region where respondent currently lives) Mining region (18.2%); Non-mining region (18.2%); Metropolitan

area (63.6%)
Previous visit to an active mine (i.e. the participant was inside an open pit or underground mine with various

purpose of the visit such as work or excursion)
Yes (77.6%); No (22.4%)

Previous visit to a rehabilitated site (i.e. the participant was on a rehabilitated site with various purpose of
the visit such as work, trip or excursion)

Yes (64.8%); No (35.2%)

Information source & learning (i.e. the main source of information about mining activities) Categories (%)
Information source – community Yes (25.5%); No (74.5%)
Information source – job Yes (44.2%); No (55.8%)
Information source – mass media Yes (51.5%); No (48.5%)
Information source – study Yes (32.1%); No (67.9%)

Table 2
Factors with a significant influence on knowledge of mining activities. The
factors are listed in order according to their significance (p-value), from the
highest to the lowest, in each of the three surveyed groups (df – degree of
freedom; dev. – the amount of variability explained by the variable in the
model; R2 – the proportion of variability explained by the variable in the
model).

Factors and their categories Average
knowledge score

df dev. R2 p

Socio-demographic
characteristics

Gender 1 26.51 0.020 < 10−6

Male 14.80
Female 12.17

Education 1 9.27 0.007 0.04
University degree 13.91
Lower than university 12.38

Experience of mining activities
Previous visit to an active

mine
1 47.88 0.037 < 10−6

Yes 14.61
No 10.42

Previous visit to a
rehabilitation site

1 27.63 0.021 < 10−6

Yes 14.79
No 11.60

Occupation / study focus 1 16.38 0.013 < 10−4

Mining and/or
rehabilitation

15.79

Others 12.58
Information source & learning

Information source – job 1 5.36 0.004 0.02
Yes 15.43
No 12.27

Information source – study 1 4.06 0.003 0.04
Yes 14.87
No 12.65
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(see Table 1).

4.2. Experience with mining activities

A significant connection was found between the effects of re-
spondents’ experience with mining and their level of knowledge. The
factor with the strongest effect on knowledge of mining activities was a
participant's previous visit to an active mine (p < 10−6; R2 = 0.037).
Respondents who had visited an active mine obtained higher

knowledge scores than respondents without this experience, and the
difference in knowledge scores between mine visitors and others was
the highest among all assessed factors (Table 2). Similarly, a previous
visit to a rehabilitated area had a highly significant positive influence
on participants’ knowledge (p < 10−6; R2 =0.021). However, the
average knowledge of visitors to a rehabilitated area was lower than the
knowledge of visitors to an active mine. As regards the occupation or
the study focus of the respondents, employees and students in the field
of mining showed greater knowledge than participants from other fields

Table 3
Significant interactions between factors influencing the respondents’ knowledge of mining. The factors are listed in their order of significance (p-value), from the
highest values to the lowest values (df – degrees of freedom; dev. – the amount of variability explained by the interaction in the model; R2 – the proportion of
variability explained by the interaction in the model).

Interactions between factors Average knowledge score df dev. R2 p

Life in Australia: Information source – community Community Others 1 33.64 0.026 < 10−6

Living since birth in Australia 14.27 13.22
Others 11.27 14.59
Previous visit to a rehabilitated site: Information source – study Study Others 1 17.11 0.013 < 10−4

Mine visit 15.45 14.37
No visit 12.88 11.27
Previous visit to an active mine: Information source – study Study Others 1 13.36 0.010 < 10−3

Mine visit 15.12 14.31
No visit 12.92 9.94
Information source – study: Information source – community Community Others 1 13.01 0.010 < 10−3

Study 14.59 15.00
Others 12.74 13.20
Distance from an open pit mine: Education University degree Lower than university 1 11.18 0.009 < 10−3

50 km and less 14.56 14.30
More than 50 km 14.47 11.52
Don't know 11.86 10.50
Distance from an open pit mine: Information source – community Community Others 1 9.53 0.007 0.002
50 km and less 13.50 15.09
More than 50 km 13.45 14.16
Don't know 13.54 11.25
Distance from an open pit mine: Previous visit to an active mine Visit No visit 1 8.55 0.007 0.003
50 km and less 15.19 9.39
More than 50 km 14.42 11.92
Don't know 13.63 9.81
Age: Information source – study Study Others 1 8.35 0.006 0.004
18–29 years 14.63 10.42
30–49 years 14.98 13.81
50–64 years 14.70 12.86
over 65 years 16.00 13.96
Distance from an open pit mine: Nationality Australian Others 1 7.74 0.006 0.005
50 km and less 14.55 14.11
More than 50 km 13.88 15.06
Don't know 11.24 13.06
Previous visit to an active mine: Previous visit to a rehabilitated site Rehabilitation visit No visit 1 6.91 0.005 0.009
Mine visit 15.11 13.14
No visit 12.13 9.65
Previous visit to an active mine: Information source – community Community Others 1 6.44 0.005 0.010
Mine visit 13.69 14.96
No visit 12.25 10.07
Age: Education University degree Lower than university 1 5.90 0.005 0.015
18–29 years 13.39 10.75
30–49 years 14.38 12.46
50–64 years 13.34 12.92
over 65 years 14.56 13.33
Education: Information source – mass media Mass media Others 1 5.38 0.004 0.020
University degree 13.12 14.81
Lower than university 12.09 12.60
Nationality: Information source – mass media Mass media Others 1 5.03 0.004 0.020
Australian 12.92 14.40
Others 13.59 14.36
Distance from an underground mine: Nationality Australian Others 1 4.92 0.004 0.020
50 km and less 14.22 14.33
More than 50 km 14.52 15.12
Don't know 11.74 13.59
Life in Australia: Education University degree Lower than university 1 4.51 0.003 0.030
Living in Australia since birth 13.75 12.55
Others 14.19 11.73
Previous visit to an active mine: Education University degree Lower than university 1 3.99 0.003 0.045
Visit 14.94 12.88
No visit 10.37 10.67
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(p < 10−4; R2 =0.013). Their average knowledge score was the
highest among all groups of respondents (Table 2). Other variables
represented experience with mining as place of residence, distance from
an open pit mine / underground mine from the respondent's place of
residence (see Table 1) did not influence the respondents’ knowledge of
mining activities.

4.3. Information sources on mining

Two of the four analysed information sources were indicated as
significant factors influencing the knowledge score: job (p=0.02; R2

= 0.004) and study (p=0.04; R2 = 0.003; Table 2). Participants who
indicated their job or their studies as their main information source
about mining achieved higher knowledge scores than other re-
spondents. By contrast, the use of mass media and the community as the
main information sources about mining (see Table 1) did not influence
the respondents’ knowledge of mining activities.

4.4. Interactions between factors

Data analyses showed that 17 out of a total of 45 analysed inter-
actions between factors had a significant influence on the participants’
knowledge of mining activities. All significant interactions are listed in
Table 3, and are shown in Fig. 2. A previous visit to an active mine,
education, as well as information sources from their community or from
their studies, and the distance of an open pit mine from the respondent's
residence were the interactions that had the greatest influence on the
respondents’ knowledge.

5. Discussion

Although knowledge has been described as an abstract construct
(Hunt, 2003), our research has demonstrated that it can be a qualita-
tively measured variable with predictors analysed using methods and
analytical techniques taken from the social sciences. Our findings sup-
port our hypothesized model (Fig. 1), and have shown that socio-de-
mographic characteristics, experience with mining and mine re-
habilitation, and sources of information about mining, together with
their mutual interactions, significantly affect respondents’ knowledge of
mining activities of the coal mining sector. The influence of the

predictor variables in the following sections is described in terms of
their effects (i.e. regression coefficients) and their significance (p-va-
lues). Several notable lessons can be learned from this survey: (1) the
complexity of the model is essential – knowledge is built on the coex-
istence of factors and on interactions between them, (2) direct experi-
ence has a crucial effect on knowledge, (3) sources of information shape
knowledge, but some sources have more impact than others, (4) socio-
demographics affects knowledge, but at varying levels of significance.

The complexity of the model

The clearest finding that emerged from our study is that the com-
plexity of the proposed model plays a key role in shaping the knowledge
of coal mining activities. We determined that all three surveyed groups
of variables, and their interactions, were equally significant factors
influencing knowledge. Furthermore, as shown in Fig. 2, the significant
interactions identify the existence of linkages between factors inside a
group (e.g. between study and community as the main information
sources) and also between factors from different groups through the
entire hypothesized model (e.g. between previous visit to an active
mine and education). These linkages suggest mutual connections be-
tween factors, and how they are influenced by each other. For example,
some factors have a significant position in a model exclusively as a part
of interactions influenced by other factors, but their impact on knowl-
edge of mining by themselves – as single factors – was not recognized
(e.g. variables such as distance between a participant's place of living
and an open pit mine; community as a major information source about
mining). Our findings demonstrate that the complexity of the model is
based on 7 strong individual factors that independently affect knowl-
edge of mining, and 17 significant interactions between factors that
affect knowledge through the whole hypothesized model.

Direct experience is crucial

Our study indicates that direct experience of an active mine or a
rehabilitated site is the strongest predictor of knowledge of mining
activities, both in its significance (p-values) and the effect size (R2).
This is supported by our further findings that the average knowledge
scores of respondents who had not previously visited a mine or a re-
habilitated site were very low in all interactions with other factors.

Fig. 2. A scheme of factors affecting knowledge of mining activities. The three surveyed groups of factors are represented in circles. Significant single factors are
shown in bold. Significant interactions between factors are shown by arrows.
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Even more importantly, respondents who had not visited either a mine
or a rehabilitated site showed the lowest knowledge of mining activities
of all evaluated groups of respondents. In addition, there is evidently a
synergistic effect of both types of direct experience, from a mining site
and from a rehabilitated site. This strongly supports observations made
by Fuller et al. (2006), who considered field visits to be a deeper form of
learning, and also the findings of Boyle et al. (2007) that direct ex-
perience makes understanding more enjoyable and thus more effective.
Greater knowledge supported by direct experience with mining activ-
ities can be connected with higher interest and motivation, which have
been described as the “engine of learning” (Paris and Turner, 1994, p.
217), either as a reason for a visit or as a consequence of a visit (see e.g.
Schunk and Usher, 2012; Brophy, 2010). Similarly, respondents
working or studying in the field of mining showed greater knowledge of
mining activities than others. This is in accordance with Uggioni and
Salay (2012), who found that a related field of study or occupation have
increasing effects on knowledge. There can be a synergistic effect of
direct experience with mining and work in mining that can influence
the level of knowledge. Higher knowledge can be also connected with
employee's benefits such as continuing education courses in mining,
participation in scientific conferences, workshops and the like. Fur-
thermore, Luchinskaya (2014) pointed out that graduates from tech-
nical disciplines (i.e. science, technology, engineering) use a greater
amount of knowledge in their work than other groups of graduates, and
apply the knowledge and skills gained during their university studies in
their current job to a greater extent than other graduates. Our results
also demonstrate that direct experience via a mine visit has an even
stronger effect on the knowledge of university educated respondents
than on participants with lower education. However, ‘non visitors’
obtained similar knowledge scores irrespective of their education.

Sources of information about mining shape knowledge in various
ways

Our research supports previous findings that some sources of in-
formation play a more important role in shaping knowledge of mining
activities than others (e.g., Wijnhoven, 1999), both as single factors and
in interaction with other variables. However the effect sizes (R2) were
not high. More specifically, respondents’ main information source for
their job and for their studies were recognized as significant single
factors increasing their knowledge of mining activities. This is con-
sistent with the findings of Uggioni and Salay (2012). Although study as
an information source was found to be involved in four significant in-
teractions with other factors, the factor job was not influenced by any
other factor. The interactions indicate that the effect on their knowl-
edge of respondents’ studies as their main information source was
stronger among younger participants than among older participants. In
addition, information acquired from respondents’ studies had a stronger
impact on their knowledge when combined with a previous visit by the
respondent to an active mine or to a rehabilitated site than when there
was no previous direct experience. These findings of ours are in ac-
cordance with findings reported by Fuller et al. (2006) and Boyle et al.
(2007).
However, community and mass media as respondents’ main sources

of information about mining were indicated as important exclusively in
their interactions with other factors in the model. Participants who used
other information sources than their community showed the greatest
knowledge of mining activities. As regards information from their
community, we found that the most significant interaction in the model
was the linkage between the community and the length of the re-
spondents’ residence in Australia. While the effect of the information
from the community was greater for participants who had lived in
Australia for their whole life, the effect of information from the com-
munity on other participants was absolutely different. This may suggest
that Australian-born citizens and immigrants are surrounded by dif-
ferent communities (see e.g. Thomas et al., 2016), and this can

significantly affect the knowledge of the respondents. University grad-
uates who indicated that the mass media was their main source of in-
formation showed significantly lower knowledge than university
graduates who used other information sources. However the knowledge
of respondents with lower education was unaffected by their source of
information. This suggests a synergistic effect of education and the use
of major information sources other than the mass media. These findings
support the observation that information obtained from the community
and from the mass media can contain gossip and rumours, and can thus
be manipulated and shaped to a greater extent by personal attitudes
than by factors that can generally lead to improved knowledge
(Bhattacharya, 2016; Beersma and Van Kleef, 2012). Rumours have
been described as a window into people's uncertainties and anxieties
(Kelley, 2004). Considering that we live in an age of a serious lack of
certainty (Doyle, 2010), rumours can seriously influence our percep-
tions, our judgements and our learning (DiFonzo and Bordia, 2002),
and thus our overall knowledge. By contrast, information sources such
as jobs and studies are based on facts, academic education and pro-
fessional skills, and their impact on knowledge is more effective
(Guskey and Huberman, 1995).

Socio-demographics affect knowledge with diverse significance

Our study indicates that particular demographic parameters affect
knowledge of mining activities in various ways and more or less
strongly. The most significant single factors were the respondent's
gender and education. Education formed important links with five other
factors in the model, while gender did not interact significantly with
any other factors (see Fig. 2). These linkages illustrate that education
has a stable position in the model. It is fundamentally connected with
other factors in its effect on knowledge, whereas gender affects
knowledge only as a solid single factor.
We have confirmed that men showed greater knowledge of mining

activities than women. This is consistent with other studies, which have
suggested that males outperform females in general knowledge (e.g.
Steinmayr et al., 2015). However, Schroeders et al. (2016) pointed out
that while women performed better in health-related topics (e.g. med-
icine, ageing), men showed better knowledge in the natural sciences
(e.g. engineering, physics). These gender differences in knowledge may
be related to differences in interests between the genders. Males tend to
be more interested in engineering and science, while females tend to
show greater interest in social and artistic domains (Wang and Degol,
2017). These observations account for our finding that mining, as a
technical discipline, is generally more interesting for men than for
women, and this higher level of interest may lead to greater knowledge
of mining among men (Rotgans and Schmidt, 2014).
Our results also demonstrate that higher education supports higher

knowledge. Respondents with a university degree generally had a
greater amount of knowledge than respondents with lower education.
This is in accordance with Uggioni and Salay (2012), who reported that
a higher level of education correlates positively with a higher level of
knowledge. A University of Oxford study (University of Oxford, 2001,
p. 4) states that “some advocates of accountability and educational effi-
ciency tend to represent higher education as a knowledge assembly line”. We
have confirmed that participants with university education showed
greater knowledge than others in four out of five significant interac-
tions. Only the effect of the mass media as the main information source
on mining was stronger than the effect of education, as discussed above.
We have also shown that the effect of education is strong through all
age groups of respondents, though it is strongest among younger par-
ticipants. This can be connected with experience and professional
knowledge, which is more closely related to age than to education level,
as has been observed by Peterson et al. (2017). Education has been
shown to have a strong effect on respondents’ knowledge, both for the
group of respondents living in proximity to an open pit and for the
group of respondents living over 50 km from a pit. However, there was
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evidently a smaller difference in knowledge between less educated and
more highly-educated people living in the proximity of a pit. This may
be connected with the greater direct experience with mining activities
of respondents living close to a pit. This experience shapes their
knowledge more strongly than their education, as has been observed by
Marzano (2004).

5.1. Implications and recommendations

As the agendas of sustainable mining development continue to ad-
vance, it will be necessary to place increasing importance on non-ma-
terial assets, such as knowledge (Prno and Slocombe, 2014). Our study
suggests important ramifications for the coal mining industry, for policy
makers and for scientists. Coal mining companies often focus their in-
terest strictly on directly mitigating the negative impacts caused by
mining operations. They provide local employment, they invest in
housing and local infrastructure, and they remediate landslides and
other destructive consequences of mining activities, rather than fo-
cusing on cognitive assets (Lyytimäki and Peltonen, 2016; Van der
Plank et al., 2016; Barkemeyer et al., 2015; Moffat and Zhang, 2014).
However, Schiuma (2012) has pointed out that the way to be successful
is by putting more emphases on cognitive sources. As Hunt (2003) has
highlighted, knowledge is an important intangible asset of a company
that should not be neglected. This is particularly necessary in mining,
where stakeholders’ acceptance of mining operations needs to be gained
and maintained, in order to avoid financial losses in mining develop-
ment (Owen and Kemp, 2018; Moffat and Zhang, 2014; Prno, 2013).
Existing research shows that a higher level of knowledge can have a

positive effect on attitudes and on acceptance (Baharoon et al., 2016;
Badera, 2013), and can also shape people's behaviour (Aertsens et al.,
2011). We therefore recommend that the coal mining industry take
steps to increase knowledge and understanding of their operations in-
cluding all environmental, legal and social aspects to ensure greater
acceptance by key stakeholder groups. Our study has demonstrated that
direct experience with mining and mine rehabilitation is the most im-
portant factor affecting knowledge of mining activities of the coal
mining sector. Mining companies, councils and other relevant organi-
zations focused on corporate social responsibility are recommended to
include direct experience with mining and mine rehabilitation in their
strategies to support social capital and to increase public awareness and
understanding on mining operations and their impacts and benefits.
The ways to strengthen direct experience with mining could be for in-
stance to involve field trips to mining and rehabilitated areas in school
and community education, mining and rehabilitation planning and
community involvement programs (Basu et al., 2015). Our study also
shows that knowledge decreases with increasing distance between a
participant's place of residence and an open pit mine, irrespective of the
participant's level of education. On the basis of this finding, we re-
commend to policy makers to work on raising the knowledge of mining
particularly in non-mining regions. Community engagement and col-
laborative approaches that lead to greater knowledge should be in-
cluded in the development strategies of mining operations of the mining
sector (in accordance with Owen and Kemp, 2018; Haalboom, 2016;
Frantál, 2016). This is likely to create greater community trust and
acceptance of mining activities in the long run.

5.2. Limitations of the study, and future research

The investigation of the present model provides an insight into the
concept of stakeholder knowledge of mining activities in the framework
of the coal mining sector. The value of our study lies in its analytical
approach to knowledge of mining activities, while regarding this
knowledge as a measurable concept based on three main groups of
predictors and their interactions. The study addresses a knowledge gap
by focusing on objective knowledge of mining activities possessed by
various stakeholder groups involved in coal industry. Although

theoretical frameworks focused on the concepts of attitudes towards
mining have already been presented e.g. by Viveros (2017), Zhang et al.
(2015), Prno and Slocombe (2014), and Moffat and Zhang (2014),
knowledge was a neglected factor in these works.
Although the findings of our study make a significant contribution

to understanding what constitutes objective knowledge of coal mining
activities, we are aware of some limitations in the study. For instance,
the participants were selected from four stakeholder groups involved in
coal mining industry. Future research should consider to test the con-
ceptual model on a representative sample and to include the general
public as a key group of participants (e.g. Joyce and Thomson, 2000).
Further, our respondents were recruited on-line via email invitations.
Although the use of the Internet as a communication medium in our
study was consistent with the work of Bishop (1997) and Wherett
(1999), it has to be recognized that Internet-based surveys have dis-
advantages as well as disadvantages, as identified by Wright (2005),
and by Fricker and Schonlau (2002). Future research may consider the
use of via face-to-face interviews, or a combination of face-to-face in-
terview, as shown by e.g., Zhang et al. (2015), and the method used in
our study here.
Our study research assessed the objective knowledge of participants

via an assessment of statements as true, false or don’t know. Future
research may explore how sure respondents are about their answers
when they evaluate a statement as true or false (see Hunt, 2003). At-
tention should be also paid to the difference between objective and
subjective knowledge of mining activities as already suggested by
Klerck and Sweeney (2007). Our study also investigated the main
sources of information about mining that respondents used - future
research might focus on respondents’ trust in the information sources
that they use (see Kiousis, 2001).
Our study showed that there is a lack of understanding of the role of

stakeholder knowledge of mining activities. There is an evident need for
additional future research on the direct connection between knowledge
of mining activities, public attitudes to mining and public acceptance of
mining operations of the energy sector.

6. Conclusion

People's opinion based on objective knowledge is an important so-
cial notion, and is particularly crucial in democratic societies. This is
the case when considering the perception of mining, an industry that
provides significant social and economic benefits, but also has negative
impacts.
In an effort to identify factors that establish community and stake-

holder acceptance of coal mining, this paper presents a novel per-
spective. Our research articulates the importance of stakeholder
knowledge of mining and the main factors that constitute that knowl-
edge in the framework of the coal industry. While direct experience,
represented by visits to mines and mine rehabilitation sites, con-
clusively increased knowledge of mining, the effect of particular in-
formation sources on knowledge of mining varied. Information ob-
tained from participants’ jobs and from their studies always increased
their knowledge of mining, but information about mining from the
mass media and from the community showed mostly the opposite ef-
fect. More importantly, the present research has demonstrated the
conceptual model of how various knowledge determinants are related
to each other and their effect on knowledge of mining.
We suggest that understanding the factors affecting knowledge of

mining activities can help to build effective communication channels
and collaboration between various stakeholder groups, the coal mining
industry and policy makers. Better knowledge of mining, together with
better communication, can minimize conflicts around coal mining op-
erations. The well-informed relevant stakeholders will be able to con-
tribute more fruitfully to discussions about mining projects, and will be
able to offer informed suggestions about how best to carry out mining
operations. If stakeholders important in decisions on mining
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development has good knowledge of mining, it will of course continue
to oppose poorly conceived mining projects. However, it will also be
quicker to support well-planned projects, and access to the benefits of
resource development will not be needlessly obstructed.
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