
Bond University
Research Repository

Foundation of a framework for evaluating the impact of mining technological innovation on a
company's market value

Mugebe, P.; Kizil, M. S.; Yahyaei, M.; Low, R.

Published in:
Resources Policy

DOI:
10.1016/j.resourpol.2023.103913

Licence:
CC BY

Link to output in Bond University research repository.

Recommended citation(APA):
Mugebe, P., Kizil, M. S., Yahyaei, M., & Low, R. (2023). Foundation of a framework for evaluating the impact of
mining technological innovation on a company's market value. Resources Policy, 85, 1-13. [103913].
https://doi.org/10.1016/j.resourpol.2023.103913

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

For more information, or if you believe that this document breaches copyright, please contact the Bond University research repository
coordinator.

Download date: 29 Oct 2023

https://doi.org/10.1016/j.resourpol.2023.103913
https://research.bond.edu.au/en/publications/a0eef8e0-90d3-404f-a2b7-fd0ac883fecd
https://doi.org/10.1016/j.resourpol.2023.103913


Resources Policy 85 (2023) 103913

Available online 21 July 2023
0301-4207/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Foundation of a framework for evaluating the impact of mining 
technological innovation on a company’s market value 

P. Mugebe a,*, M.S. Kizil a, M. Yahyaei b, R. Low c,d 

a The University of Queensland, School of Mechanical and Mining, St Lucia, QLD, 4067, Australia 
b The University of Queensland, Julius Kruttschnitt Mineral Research Centre, Indooroopilly, QLD, 4067, Australia 
c The University of Queensland, School of Business, St Lucia, QLD, 4067, Australia 
d Bond University, Bond Business School, Robina, QLD, 4225, Australia   

A R T I C L E  I N F O   

Keywords: 
Mining technological innovation 
Autonomous haulage system 
Productivity 
Mining costs 
Stock market value 

A B S T R A C T   

Technological innovation development plays a pivotal role in mineral economics. History shows that the dif-
ference between a mineral deposit’s economic status and its uneconomic status lies in the mining technological 
innovation most prevalent in each phase of technological development. The significance of mining technology is 
that it curbs the negative impact of mineral deposit depletion by improving productivity, thereby keeping 
mineral exploitation profitable. This relationship makes it imperative to develop a framework that utilises this 
concept to sustain mining in the future. The framework will incorporate the benefits of technological innovation 
implementation to demonstrate its impact on a company’s share price. It will help public investors understand 
share price performance while serving as an additional internal new technology investment approval tool. 

This paper demonstrates how applying technological development and innovation affects mining processes 
and its economics. This relationship is evident throughout the four historical mining technological stages, which 
started in the 18th Century with mechanisation, then remote control, automation, and currently, autonomous 
technology systems. At each stage, the need for a more productive technology arose as the effects of mineral 
resources depletion threatened mining’s profitability. Thus, it can be judged that the future of mining profit-
ability lies in the current advanced technologies that leverage artificial intelligence and machine learning sys-
tems. Nonetheless, while mineral commodity miners profit and firm market values grow, the growth is not 
empirically linked to the technological innovation development that drives it. Conversely, in other industries, the 
firm’s technological development innovation resultant economic metrics, along with macroeconomic factors, are 
captured and empirically linked to stock market value. This exposes a gap in the financial impact evaluation of 
mining technology innovation implementation. Therefore, this paper explores the possibility of developing that 
framework for the mining industry by identifying improved productivity and cost metrics, profit margin growth, 
and the resultant share price performance.   

1. Introduction 

The mining industry is faced with many challenges which threaten 
its continued viability. Firstly, the depletion of high-grade mineral de-
posits, at the backdrop of global mineral demand for industrial growth 
and socio-economic welfare (Brundrett, 2014; Mitra, 2019; Ren et al., 
2019), is a problem. For industry sustainability, methods to increase 
productivity must be found to combat the effects of resource depletion 
(Coulson, 2012; Hartwick et al., 1986; Humphreys, 2019b; Nebot, 2007; 
Tilton, 2018). The rising costs of labour, equipment maintenance, safety, 

and environmental stewardship (Brundrett, 2014; Humphreys, 2019a) 
are another challenge. For all these challenges, the rescue can be found 
in a cost-saving mining technological innovation which comes as a 
capital cost but with operating cost trade-offs in incremental “benefits in 
safety, productivity, tyre life, maintenance, personnel management and 
environmental stewardship” (Price, 2017). Such trade-off benefits 
ensure that the mining industry remains profitable and hence 
sustainable. 

This study aims to address a research question from the standpoint 
that the difference between the economic status of a mineral deposit and 
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its uneconomic status lies in the level of mining technological innova-
tion most prevalent in each time (Hartwick et al., 1986; Wellmer and 
Scholz, 2017; Wright and Czelusta, 2003). Some writers such as 
(O’Faircheallaigh and Corbett, 2005; Jenkins and Yakovleva, 2005; Von 
Benda-Beckmann, 2001) have presented other factors such as legisla-
tion, political, social, and environmental management as strong de-
terminants for economic viability. Agreeably the relevance of these 
factors cannot be ignored but they can be negotiated through once there 
is adequate technology to exploit the minerals profitably. Several studies 
show that mining technological innovation improves the profitability of 
mineral deposit exploitation by improving mining productivity 
(Accenture, 2010; Bartos, 2007; Humphreys, 2019a, 2019b; Mitra, 
2019; Sánchez and Hartlieb, 2020; Tilton, 1989, 2014; Topp, 2008). 
Thus, based on a direct relationship between technological innovation 
and firm market value in other industries (Koellinger, 2008; Nicolau and 
Santa-María, 2013; Schroeder et al., 1989; Sood and Tellis, 2009), it is 
expected that share price performance of mineral commodities conforms 
to the same relationship. Therefore, the research question is whether 
mining technological innovation has ultimately been linked to share 
price performance for mineral commodities. If so, could that relation-
ship be used by both mineral commodity operators and the public in-
vestors for investment decision making? 

Interestingly, the literature shows no evidence of an empirically 
defined impact of mining technological innovation on a mineral com-
modity’s share price performance. Most literature concentrates on cost 
benefits, improved productivity, and safety (Brown, 2012; Fan et al., 
2017; Mitra, 2019; Tilton, 2014). More benefits are realised with the 
introduction of Autonomous Haulage System (AHS) technology imple-
mentation in open pit mining. However, mining technological innova-
tion impact on share price performance has not been described. This 
void presents a loss of opportunity to have an empirical relationship 
between mining technological innovation and share price performance. 
This study sets the foundation for building that scientific framework. 

The framework serves as a common tool that mineral commodity 
operators and other investors can use to make investment decisions. It 
will be an additional tool for mining technology projects investment 
approval process for the mineral commodity operators. The public in-
vestors will use it to decide whether to invest in a mineral commodity 
company that is implementing a radical mining technological innova-
tion. As indicated by Sorescu et al. (2018), many investors follow de-
velopments and news about certain organisations. Their investment into 
or divestment from the organisations is informed by what they find. This 
two-pronged usefulness of the framework makes this study a worthy 
exercise. 

To develop the foundation of the framework, Fortescue Metals Group 
(FMG) implementation of AHS was considered for a case study. The 
study investigated the potential impact of AHS implementation on 
FMG’s stock price. FMG commenced the implementation of AHS in 2012 
and realised significant mining productivity and cost improvement 
(FMG, 2020; Gölbaşı and Dagdelen, 2017; Leonida, 2019), profit margin 
growth, and a subsequent skyrocketing of share price performance (ASX, 
2021). The share price response demonstrated a relationship with 
mining technological innovation being implemented. This relationship 
lays the foundation for the development of a framework for evaluating 
mining technological innovation impact on a company’s market value. 

2. Mining technology impact 

2.1. Mining technological stages and the industrial revolutions 

Historically, all step-change increments in mining production are 
associated with technological innovation development stages at the 
time. The literature describes four distinct stages in mining technolog-
ical innovation which are mechanisation, automation, remote control, 
semi-autonomous and autonomous systems (Brown, 2012; Brundrett, 
2014; Coulson, 2012; Da Costa et al., 2019; Flynn, 2000; Garcia et al., 

2016; Guerado, 2017; Hovis and Mouat, 1996; Humphreys, 2019a; Igor 
et al., 2017; Kenett et al., 2020; Marovelli and Karhnak, 1982; Mon-
tagna, 1981; Parreira, 2013; Samavati et al., 2019; Vellingiri et al., 
2013; Wang, 2014). As such, these set the cardinal points to which the 
campus of mining development history refers. To gain a broader un-
derstanding, context, and impact of the mining technological innovation 
stages, it is important to look at it with reference to the bigger techno-
logical development phases in history, the Industrial Revolutions. The 
Industrial Revolutions have been segmented into four phases: The First 
Industrial Revolution, Second Industrial Revolution, Third Industrial 
Revolution, and Fourth Industrial Revolution. The mining technological 
development stages overlapped the Industrial Revolutions, as shown in 
Fig. 1. 

As in other industries during the Industrial Revolution phases, min-
ing technological changes and development have been extensively 
documented, and their benefits explained in terms of increasing pro-
ductivity (Mitra, 2019; Matysek and Fisher, 2016; Upstill and Hall, 
2006; Agarwal and Agarwal, 2017; Brundrett, 2014). Lately, the tech-
nological contribution to improving safety also has been documented 
(GMG, 2020; Price, 2017; Walker, 2014). Naturally, the mineral com-
modity operators who embrace such technological innovation invari-
ably increase their market value and growth. Leveraging on the 
Industrial Revolution developments, new and more productive mining 
technology arose, improving productivity, despite the threats of mineral 
resources depletion. As shown in the copper and iron ore productivity 
graphs in Figs. 2 and 3, the steep positive gradient sections align very 
closely with the technological development stages. 

One would then expect that the financial impact of these remarkable 
productivity boosts would make headlines in how firms’ market value 
grew because of it. Unfortunately, that information is not available in 
the domain where mining technology and productivity is explored. 
Therefore, there is a need to provide a complete evaluation that covers 
market value growth. 

2.2. Current extent of mining technology impact 

The literature shows the absence of an empirically defined impact of 
mining technological innovation implementation on a mineral com-
modity’s share price performance. Most literature on mining techno-
logical impact concentrates on cost benefits, improved productivity and 
safety. Authors such as Coulson (2012) and Humphreys (2019b) gave a 
detailed account of the early implementation of mining technological 
innovations dating from the 1800s to the mid-1900s. Absent from their 
work is the impact of technology on financial performance of the com-
panies. From the mid-1900s to the present, the account of technological 
innovation implementation extended the list to reduce costs in pro-
duction and maintenance and improve production efficiency (Tilton, 
2014; Mitra, 2019; Brown, 2012; Fan et al., 2017). However, it is 
important to note that more benefits are covered with the introduction 
of AHS technology implementation, but not share price performance. 

The impact of AHS includes improvements in the following: safety 
and health performance, fuel consumption, tyre wear, cycle times, la-
bour costs reduction, breakdown frequency reduction, overcoming 
shortages of skilled personnel, and mining profitability. It has the po-
tential to make some previously uneconomic mines profitable, sustain 
the competitiveness of mining companies and the industry, enhance a 
positive national economic outlook, and bring positive environmental 
impact (Parreira and Meech, 2011; Brown, 2020; Bellamy and Pravica, 
2011; McNab and Garcia-Vasquez, 2011; Fisher and Schnittger, 2012; 
CoalAge, 2018; Walker, 2014). Nonetheless, absent from the work of 
many writers on AHS technology such as (Redwood, 2018; Price, 2017; 
Matysek and Fisher, 2016; Harris, 2019; Gölbaşı and Dagdelen, 2017), is 
the impact of implementation on share price performance on the 
respective organisations. This is despite the evidence that a firm’s stock 
market value responds significantly to radical technological change 
(Mary, 2007; Sorescu and Spanjol, 2008; Lee et al., 2000; Doukas and 
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Switzer, 1992) as demonstrated in many industries. AHS is a radical 
mining technological innovation which impact on stock price perfor-
mance can be similarly explored. However, that work is still 
outstanding. 

It is noted that mining companies’ decision framework to invest in 
new mining technology does not regard the firm’s resultant stock market 
value. Flynn (2000) examines "Management’s discussion and analysis of 
results of operations and financial condition” sections of many mining 
companies’ periodic financial reports. He finds that introducing new 
technology focuses on improving productivity and safety, reducing 
costs, and increasing market share. However, he adds that companies 
should also consider generating sufficient revenues and earnings to meet 

targets for return on investment. Evidently, this still excludes stock 
market value from the decision matrix for new mining technology 
investments. 

The existing void indicates that the technological innovation 
implementation’s financial impact has not been taken through the whole 
value chain. The absence of a full appraisal which includes implications 
on share price performance creates a problem. The problem is the loss of 
opportunity to have a share price predictive model centred on a tech-
nological innovation implementation. This gap between mining tech-
nological innovation implementation and firm stock market value has 
considerable research scope. 

2.3. Research contribution 

Several studies have shown that mining technological innovation 
improves the profitability of mineral deposit exploitation by improving 
mining productivity (Tilton, 1989, 2014; Mitra, 2019; Humphreys, 
2019a, 2019b; Topp, 2008; Bartos, 2007; Accenture, 2010; Sánchez and 
Hartlieb, 2020). In other industries, a direct relationship between 
technological innovation and firm market value based on productivity 
improvement is established (Sood and Tellis, 2009; Nicolau and San-
ta-María, 2013; Schroeder et al., 1989; Koellinger, 2008). Therefore, it is 
expected that share price performance of mineral commodities conforms 
to the same relationship. This value chain flow is portrayed in Fig. 4 by 
depicting the interplay of mining technology, mining sustainability, and 
investment attractiveness. 

The question mark is the link that needs to be completed. Mining 
technology intervention as a solution to sustainability challenges is 
proven through productivity improvement. Because of technology, 
mining sustainability equates to mineral commodities profitability, 
which enhances investment attractiveness. This is proven too. To com-
plete the picture, mining technology direct impact on investment 
attractiveness (share price) needs to be explored. Therefore, the aim of 
the study is to explore the possibility of establishing a framework that 
relates technological innovation implementation to share price perfor-
mance. This exploration triggers the following research questions about 
the missing link.  

• Is there any basis to suggest a relationship?  
• What are the metrics which can be used to test the relationship?  
• If the relationship exists, could the metrics be used to build an 

empirical framework? 

Answering these questions brings closer the understanding of how 
mining technological innovation potentially impacts share price per-
formance. Hence, the objectives of the study are addressed by under-
taking the following tasks.  

• Select a mining technological innovation and the mineral commodity 
producer(s) for the research. 

Fig. 1. Mining technology development stages.  

Fig. 2. Productivity growth in US iron ore mining (Humphreys, 2019b).  

Fig. 3. Productivity growth in US copper ore mining (Humphreys, 2019b).  
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• Use Event Studies technique to investigate the impact of technolog-
ical innovation implementation milestones on share price 
performance.  

• Track the performance of the metrics impacted by the technology 
during the implementation period against the share price perfor-
mance. The same is performed on the macroeconomic factors.  

• Explore literature to identify a suitable tool to build the empirical 
framework using the metrics. 

The relationship would find support in that share price performance 
is a function of productivity and cost, mineral commodity price (as a 
function of supply and demand), and other macroeconomic factors 
(Bhattacharyya and Williamson, 2016; Demir, 2019; Isidore and Chris-
tie, 2019; Mullins, 1990). As such, understanding how mining technol-
ogy affects productivity and cost (and hence profitability) under the 
watch of macroeconomic factors lays the foundation for the framework. 

The developed framework will be a common tool that mineral 
commodity operators and other investors in mineral commodities can 
use to make investment decisions. For the mineral commodity operators, 
it will be an additional tool for approving step-change mining technol-
ogy projects. This will be similar to how Njike and Kumral (2019) 
applied a company’s operational performance level in their newly 
developed mining corporate portfolio optimisation model. The public 
investors will use it to decide whether to invest in a mineral commodity 
company that is implementing a radical mining technological innova-
tion. As indicated by Sorescu et al. (2018), many investors follow de-
velopments and news about certain organisations, and their decisions to 
invest in or divest from the organisations are informed by what they 
find. Consequently, the pathway for this work to creating value is shown 
in Fig. 5. 

3. Stock market performance factors 

Share price or stock market performance is driven by several factors 
which exert varying weights to influence the ultimate behaviour or 
trending patterns. Different factors affect stock markets of different 
firms in varying degrees, to such an extent that one factor may positively 
influence stock market values in one industry while negatively in-
fluences in another. Understanding these factors helps to determine how 
share prices are likely to behave in the short, medium, and long-term 
periods. Considering that share price movement of a firm is an impor-
tant indicator and drives investors’ market future expectations, it is 
equally important to know the factors that send signals of how share 
prices are likely to trend (Wong, 2020). The share performance factors 

are classified into firm-specific factors and macroeconomic factors. 
The firm-specific are those which are within the control of the firm, 

while the macroeconomic are external factors which the firm does not 
have capacity to influence (Lee and Chen, 2009; Wong, 2020; Demir, 
2019; Isidore and Christie, 2019; Ponikvar and Tajnikar, 2012). The 
macroeconomic factors can further be split into industry-specific and 
general prevailing economic conditions locally and globally (Lee and 
Chen, 2009; Isidore and Christie, 2019; Astakhov et al., 2019). By 
thoroughly analysing the fundamentals, (which is the economic condi-
tions, the industry outlook, and the firm-specifics) through evaluation of 
publicly available information, the stock price of a company can be 
determined (Isidore and Christie, 2019). As these factors affect stock 
markets differently, this research starts by identifying factors that affect 
stock markets in general. The analysis will then narrow down to those 
factors that are most significant to stock markets responding to imple-
mentation of a radical technological innovation. 

3.1. Firm-specific factors 

The fundamental analysis of firm-specific factors upholds that the 
stock market prices, current and future, rely on the intrinsic value of the 
stock and the expected return. Firm-specific factors derive from com-
pany’s market power, its cost and productivity efficiency of production 
factors, and the technological characteristics of its production processes. 
Essentially, they are a product of strategies employed and pursued by 
the company (Ponikvar and Tajnikar, 2012). In a broader view, 
firm-specific fundamental analysis includes factors that reflect on 
corporate financials, future prospects of the firm, quality of senior ex-
ecutives, firm’s competitive edge, labour relations policies, as well as 
firm size and market share (Lee and Chen, 2009; Wong, 2020; Isidore 
and Christie, 2019). Which means as new information is made available 
about the company’s performance, its stock market value is re-evaluated 
and updated to reflect the expected return changes. This makes it 
possible to predict stock market prices before changes happen (Isidore 
and Christie, 2019). 

The respective factors that are mainly evaluated comprise a long list 
which includes, but not limited to, revenue, earnings before interest 
depreciation and amortisation (EBITDA), net debt to EBITDA ratio, re-
turn on capital employed (ROCE), earnings per share(EPS), price per 
earnings ratio (P/E ratio), return on assets (ROA), return on equity 
(ROE), net asset value (NAV), market capitalization (MC), dividend 
yield (DV), dividend per share (DPS), dividend policy (DP), dividend 
payout ratio (DPR), stock split policy, merger and acquisition policy, 
bonus payment policy, debt to asset ratio (D/A ratio), debt to equity 
ratio (D/E ratio), debt to capital ratio (D/C ratio), firm size, and firm’s 
past performance in the area under consideration (Idawati and 
Wahyudi, 2015; Lee and Chen, 2009; Wong, 2020; Benkovskis and 
Wörz, 2013; Demir, 2019; Isidore and Christie, 2019; Kodithuwakku, 
2016; Aveh and Awuyo-Victor, 2017; Avdalovic, 2018; Astakhov et al., 
2019). Public investors scrutinise preferred selections of these factors to 
make investment decisions depending on which set they deem more 
applicable to the firm under consideration, also with respect to 

Fig. 4. Mining technology value flow.  

Fig. 5. Workflow to value creation.  
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prevailing macroeconomic conditions. For technological innovation 
impact evaluation, the factors that directly reflect on productivity and 
profitability are given more weight. 

3.2. Macroeconomic factors 

The macroeconomic factors make another set of fundamentals which 
impact either positively or negatively on stock market returns. Since 
these are external factors, the company has no means to control how 
they play out as they are driven by industry and general economic 
conditions. The daily stock markets fluctuations are in part influenced 
by economic and political affairs as they are not immune to independent 
domestic and global macroeconomic effects. In that regard, investors are 
impacted by these effects and hence their decisions on shares must 
consider the overall prevailing economic conditions in the market 
(Demir, 2019). The domestic economic factors include governmental 
policies, the actions of workers’ and employers’ organisations, adding to 
the general global economic factors. These are time-varying, and they 
affect firms of the same industries equally (Ponikvar and Tajnikar, 
2012). The factors arising from national and global economic systems 
are complex and they affect stock markets at an aggregate level (Wong, 
2020). This shows that the economy plays a vital role influencing stock 
market investment process because when some stocks are trending up-
wards, others are trending downwards and vice versa during both the 
bull and bear phases. 

Economic systems generally trigger minimum volatility in stock 
market behaviour. When they cause high volatility, it is a problem 
because stock market price movements play a major role in stock market 
investment decision process (Isidore and Christie, 2019). The assump-
tion behind analysing the economy prior to buying a firm’s stock is that 
if the economy is growing and is stable, then it should follow that the 
firm would also prosper along with it, thus causing the share price to 
appreciate its value (Isidore and Christie, 2019). It is therefore impor-
tant to carefully consider how economic factors are behaving when 
evaluating the impact of technological innovation on stock market 
performance. 

The other category of external factors is industry-specific factors. 
These include the characteristics of specific industries in terms of 
product differentiation, concentration of firms, market entry barriers, 
technological profile of the industry’s means of production, and general 
demand and supply dynamics. Effectively, these determine the average 
weight which companies within a specific industry exert on share prices. 
As a result, the average industry markup is determined by these factors, 
while firm-specific factors pull a firm’s markup from the trending in-
dustry average (Wong, 2020) In evaluating the effects of industry related 
factors, Isidore and Christie (2019) and Ponikvar and Tajnikar (2012) 
outline that stock market price trending is determined by the industry to 
which it belongs. This means that even when a firm’s share price is doing 
well, it can be brought down by credentials of its industry. As such, the 
industry trends affect the share prices. 

The list of external share market performance factors, both industry- 
specific and economic in general includes the following: real effective 
exchange rate (ER), foreign exchange reserve (FER), relative value of the 
domestic currency, domestic portfolio investments, foreign direct in-
vestments, global market share, gross domestic product (GDP), market 
entry barriers, growth rate, interest rate (IR), inflation rate (IFR), money 
supply (M2), commodity prices, crude oil price, industrial production, 
government bond rate, unemployment rate, government antitrust pol-
icy, workers’ and employers’ organisations actions, level of competition, 
foreign entrants regulations, government attitude, and threats from 
potential entrants (Bhattacharyya and Williamson, 2016; Wong, 2020; 
Benkovskis and Wörz, 2013; Demir, 2019; Isidore and Christie, 2019; 
Ponikvar and Tajnikar, 2012; Khan and Zaman, 2012; Astakhov et al., 
2019; Kiymaz, 2011). The firm-specific and macroeconomic factors 
affect share price performance differently because of their varying na-
ture (Wong, 2020). Consequently, macroeconomic factors must not be 

ignored when assessing the impact of technological innovation imple-
mentation on stock price. 

4. Methodology 

Having established that there is an empirical relationship between 
technological innovation implementation and share price performance 
in other industries through literature search, the next task was to 
investigate the same for mining technology and mineral commodity 
stock price. Hence, the mining technological innovation and the mineral 
commodity producer(s) needed to be identified for the study. 

4.1. Mining technological innovation selection criteria 

The research to investigate the impact of mining technological 
innovation started by identifying the suitable technology whose imple-
mentation results provided adequate information to answer critical 
research questions. A mining technological innovation needed to be of a 
scale extensive enough to significantly improve productivity. This 
brought the need to identify the mining process which drives the mining 
cost and focus on the technological innovation that could improve its 
performance metrics. The impact of the technological innovation had to 
be quantifiable. Its performance metrics had to be directly translatable 
into key financial performance indicators of the company. This was 
necessary because the financial performance of a company directly re-
lates to its share price performance. These were the first major re-
quirements that needed to be satisfied while searching for a 
technological innovation that fitted to be a case study. 

The second set of requirements was of sustainability and environ-
mental settings considerations. The technological implementation 
duration had to be long enough to produce sufficient data to sustain 
extensive research. It had to be applied to a mineral commodity whose 
stock price had been traded long enough to produce sufficient data to 
sustain elaborate research. For authenticity of research findings, the 
technological innovation needed to cover a considerable cross-section of 
the mining industry. While looking at the cross-sectional application of 
the technology, it had to be in similar geographical and economic 
environmental settings. This would bring standardization to the 
research findings as the operating companies would be affected by the 
same physical and economic factors. This would make the results 
authentic because they would be repeatable in other settings where 
prevailing conditions affected the operating companies equally. 

4.2. Selection of AHS 

Surface mining was the preferred selection of mining method for the 
investigation of technological innovation impact on share price. A wide 
range of technological innovations that are extensively applied in sur-
face mining were considered. These included drones for survey pur-
poses, advanced information technology for monitoring and 
management systems, advanced mine design software applications, 
autonomous drilling technology, and autonomous haulage system 
(AHS), among others. In consideration of the selection parameters, 
autonomous haulage system was selected as a viable option for the 
study. 

AHS application in open pit mining was suitable for many reasons. It 
is applied to material haulage which is the biggest cost driver in open pit 
mining, making up to 50% of the total mining cost (Nebot, 2007; Bell-
amy and Pravica, 2011; Munirathinam and Yingling, 1994; Subtil, Silva 
and Alves, 2011; Samavati et al., 2019; Gölbaşı and Dagdelen, 2017). On 
this basis, its impact directly affects the financial key performance in-
dicators of the company, and consequently affects the share price per-
formance too. AHS has been in operation in iron ore production for close 
to 13 years to date and hence its sustainability was proven. Iron ore 
stocks have been traded for decades with known trends. Hence, the 
introduction of a technological innovation to the mining process that 
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significantly drives the mineral production should reflect in the stock 
price behaviour. AHS has been adopted by major mining iron ore mining 
companies operating in Australia, which are Rio Tinto, BHP Billiton, and 
Fortescue Metals Group. As such, the companies are always exposed to 
the same geographical and economic impacts. Therefore, these factors 
made AHS a credible technological innovation to research on its impact 
on iron ore stock price. 

4.3. Case study selection 

The three companies considered for case studies for this research 
were FMG, BHP Billiton, and Rio Tinto. The extent of the mineral 
commodities diversification profile of a company played a role in its 
selection as a suitable case study. The reason was that the more minerals 
the company operates in, the less impact of one technological innovation 
implementation in one mineral has over the overall share price perfor-
mance of the company. This is due to dilution effect from the perfor-
mance of the other minerals the company operates in. As such, the role 
of each company, if any, in this research was evaluated accordingly. 

4.3.1. BHP billiton 
BHP Billiton mines and processes, and sometimes even refines, a 

wide variety of minerals in Australia and overseas. The list of minerals 
they operate in includes iron ore, copper, zinc, gold, silver, uranium, 
potash, and coal (BHP-Billiton, 2023). All these commodities together 
impact on the share price performance of BHP Billiton at once. In 
addition to the varied mineral profile, the company operates in many 
different countries across the globe and hence it is exposed to multiple 
macroeconomic, political, and environmental factors at once as opposed 
to a company that operates in one country. For this reason, any tech-
nological innovation implementation taking place in the mining of one 
mineral in one country will not significantly reflect in the overall per-
formance of BHP Billiton share price. It was therefore judged that a 
detailed study of the implementation of AHS at Jimblebar Iron Ore 
operation in Western Australia would not give much information to the 
objectives of this research. 

4.3.2. Rio Tinto 
Rio Tinto has a wide variety of businesses. They mine, smelt and 

refine minerals. They are further diversified into sales offices, data 
centres, research and development laboratories (Rio-Tinto, 2023). The 
list of minerals they operate in includes iron ore, copper, zinc, gold, 
silver, uranium, potash, and coal. Rio Tinto has presence in Australia, 
Africa, Central America, Europe, Asia, Africa, North America, and South 
America. The company is therefore exposed to multiple macroeconomic, 
political, and environmental factors at once just like BHP Billiton. 
Similarly, it was judged that a detailed study of their AHS imple-
mentation in the Iron Ore operation in Western Australia would not 
adequately address the objectives of this research. 

4.3.3. FMG 
During the period of AHS implementation, FMG was operating only 

in iron ore business and only in Australia. The company started 
embarking on diversification ventures after the completion of AHS 
implementation. This company profile made FMG an ideal entity to 
explore the objectives of the study to achieve the aim of the research. 

4.4. Data collection 

To explore the possible existence of a foundation for the develop-
ment of a framework, the impact of AHS implementation on iron ore 
stock price was investigated in a case study on FMG which commenced 
implementation of AHS in 2012 (Gölbaşı and Dagdelen, 2017). The 
performance indicator metrics were obtained from the quarterly and 
annual reports. The selected mining productivity improvement metric 
was mining and processing cost per wet metric tonne (US$/wet metric 

tonne). Mining cost was not examined as a stand-alone parameter 
because FMG reported it together with processing cost in the period 
under review. The financial performance indicators impacted by AHS 
implementation selected were profit margin, ROA, ROE, net gearing 
ratio, and current ratio. The macroeconomic factors known to strongly 
impact iron ore stock price, that is, iron ore price and AUD/USD ex-
change rate, were selected. The iron ore prices were collected from 
Market Index website (Index, 2021), while foreign currency exchange 
rates were sourced from The Reserve Bank of Australia database (RBA, 
2021). 

4.5. Event Studies technique for abnormal stock returns evaluation 

Event Studies technique was used to investigate the impact of tech-
nological innovation implementation milestones on share price perfor-
mance. This was carried out by determining the type of sentiment the 
implementation of AHS created in the investors and quantified the same 
by calculating the corresponding change in stock price. In an efficient 
market, stock price reflects all the known information about the com-
pany. When new information is received in the market it is incorporated 
into the stock price immediately. In such a market, a change in stock 
price is a true reflection of changes in the expected future cash flows of 
the company. Hence, by checking the company’s stock price response 
when new information that potentially impacts on the company’s cash 
flow reaches the market, one is actually testing the underlying change in 
the true market forecast of the company’s future income (Chaney et al., 
1991; Koku et al., 1997). Event Studies techniques are commonly used in 
economics, business, and finance to carry out this type of investigation 
when new products are introduced into the market. 

When Event Studies techniques are used, the impact of the events is 
observed on the stock market performance. The impact is mostly 
recorded in the form of abnormal stock returns following the event being 
investigated. Many researchers attest to the relevance of this method-
ology as results obtained from the calculations have been relied upon in 
many studies (William et al., 2017; Cable and Holland, 1999; Koch and 
Fenili, 2013; Saens, 2006). In this research, the corresponding abnormal 
stock returns are calculated following the AHS implementation mile-
stones publication, either by announcements or by periodic reports. 

The following generic equation is employed to calculate abnormal 
stock returns using Event Studies (Koch and Fenili, 2013):  

Rt = α + βRmt + ϵt                                                                         (1) 

Where. 

Rt = rate of return of a company’s stock on a given day of the event t 
(t = 1, 2, …, n); 
Rmt = Rate of return on day t of a market portfolio of stock; 
αintercept; 
βsystematic risk associated with the stock i; 
ϵt = error term resulting from random shocks (announcements), such 
that 

∑
(ϵt) = 0 if the announcement is of no impact. 

Hence, using equation (1), the daily abnormal returns (DARs) in the 
event period are:  

DARt = Rt - (α + βRmt)                                                                   (2) 

The cumulative abnormal returns (CAR) are therefore calculated as:  

CARt =
∑

DARt for (t = 1, 2, …,m)                                                  (3)  

4.6. Abnormal returns quantification 

These abnormal stock returns were investigated by tracking the 
share price response to the announcements of the milestones. The 
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announcements were in the form of company and ASX periodical re-
ports, and open sources such as news media, journals, and conference 
presentations. To determine the abnormal returns, a prediction of what 
the stock price would have been without the events must be carried out. 
Firstly, to estimate the FMG stock return when there was no milestone 
announcement made, the values of α and β in equation (1) needed to be 
determined when ϵt was zero. To achieve this, the S&P/ASX200 Material 
Stock Index was used as a measure of how the market portfolio was 
performing in the 30 days period before the announcement date. The 30 
days period was used because it was long enough to get an accurate read 
of what the market was doing, but not too long to include contaminating 
events which would otherwise occur. 

The first AHS announcement of July 5, 2011 was used as an example 
to demonstrate how the cumulative abnormal returns were calculated. 
The quantification was achieved by calculating the stock price return 
from 2 days prior to announcement to 3 days after announcement. The 
reason for considering 2 days prior to announcement was that news 
leakage prior to the day of announcement is common (Lee and Chen, 
2009), and this impacts on the stock price performance. At the same 
time, brief daily stock price “event windows” after the announcement 
are preferred to minimise the noise of other influences that may distort 
the impact of the announcement (Koch and Fenili, 2013). To this end, 
the 30-day period data is shown in Table 1 and the corresponding 
Regression Analysis output is in Table 2. 

Secondly, using equation (1) above, and noting that there were no 
shocks arising from AHS announcements in this period, ϵt = 0, hence,  

Rt = α + βRmt                                                                                       

Rt = − 3.575 x 10–5 + (− 3.596 x 10–1)Rmt (Using results from Regression 
Analysis output)                                                                                    

Thirdly, for the 2 days before announcement and 3 days after (Day 1 
to Day 5), including announcement day, the DAR and CAR were calcu-
lated from equations (2) and (3) as follows: 

Day 1  

DAR1 = R1 - (− 3.575 x 10–5 + (− 3.596 x 10–1)Rm1)                                 

= 0.006 – (− 3.575 x 10–5 + (− 3.596 x 10–1) x 0.003) = 0.0074                 

A similar calculation was performed for Day 2 to Day 5. Therefore, 
the cumulative abnormal return for the first announcement was ob-
tained using the formula:  

CARt =
∑

DARt for (t = 1, 2, …,5)                                                          

= 0.0074 + 0.0132–0.0002 – 0.0047–0.0108                                               

= 0.0049                                                                                              

The results are shown in Table 3. 
Fourth, the predicted share price of FMG on July 5, 2011 was ob-

tained by dividing the actual share price of that day by the antilog of 
natural logarithmic value of CAR (Koch and Fenili, 2013). Hence, for 
July 5, 2011, the predicted FMG share price was $6.438. This predicted 
share price was what the share price would have been if there was no 
AHS announcement made. The above steps were repeated for all the 
announcements recorded. There was a total of 31 AHS announcements 
recorded over the period under consideration. The differences between 
the actual share price and what it would have been (the predicted share 
price), are shown in Fig. 6. 

4.7. AHS milestone announcements impact assessment 

The AHS milestones were tracked from AHS trial period in 2011 to 
full implementation in mid-2020. They were classified according to their 
potential impact on iron ore stock price as described in Table 4. The 
respective stock abnormal returns were matched by colour codes to the 

type of announcement they responded to. Each colour coded box along 
the x-axis represents an announcement type. The stock price abnormal 
returns were plotted against the announcements of the milestones as 
shown in Fig. 7. It is evident that the milestone announcements created 
positive sentiments in the investors as two thirds of the announcements 

Table 1 
AHS announcement 1 on July 5, 2011.  

Date FMG Share 
Price(AU$) 

FMG Share 
Price Return 

Market Index 
Price 

Market Index 
Price Return (AU 
$) 

23/05/ 
2011 

6.33 − 0.017 10,163.89 0.017 

24/05/ 
2011 

6.29 − 0.006 9,923.10 − 0.024 

25/05/ 
2011 

6.24 − 0.008 9,950.80 0.003 

26/05/ 
2011 

6.33 0.014 9,903.74 − 0.005 

27/05/ 
2011 

6.40 0.011 9,972.80 0.007 

30/05/ 
2011 

6.40 0.000 9,952.77 − 0.002 

31/05/ 
2011 

6.52 0.019 9,751.01 − 0.020 

1/06/ 
2011 

6.69 0.026 9,856.71 0.011 

2/06/ 
2011 

6.46 − 0.034 9,903.80 0.005 

3/06/ 
2011 

6.46 0.000 9,893.71 − 0.001 

6/06/ 
2011 

6.36 − 0.015 9,886.42 − 0.001 

7/06/ 
2011 

6.23 − 0.020 10,020.88 0.014 

8/06/ 
2011 

6.35 0.019 9,907.68 − 0.011 

9/06/ 
2011 

6.35 0.000 9,945.88 0.004 

10/06/ 
2011 

6.32 − 0.005 10,030.10 0.008 

14/06/ 
2011 

6.26 − 0.009 10,026.06 0.000 

15/06/ 
2011 

6.30 0.006 10,102.77 0.008 

16/06/ 
2011 

6.02 − 0.044 10,176.05 0.007 

17/06/ 
2011 

6.06 0.007 10,174.92 0.000 

20/06/ 
2011 

6.02 − 0.007 10,220.25 0.004 

21/06/ 
2011 

6.08 0.010 10,225.80 0.001 

22/06/ 
2011 

6.10 0.003 10,276.45 0.005 

23/06/ 
2011 

6.06 − 0.007 10,393.01 0.011 

24/06/ 
2011 

6.17 0.018 10,335.20 − 0.006 

27/06/ 
2011 

6.04 − 0.021 10,235.14 − 0.010 

28/06/ 
2011 

5.99 − 0.008 10,142.24 − 0.009 

29/06/ 
2011 

6.20 0.035 10,198.58 0.006 

30/06/ 
2011 

6.35 0.024 10,220.46 0.002 

1/07/ 
2011 

6.39 0.006 10,251.59 0.003 

4/07/ 
2011 

6.48 0.014 10,224.30 − 0.003 

5/07/ 
2011 

6.47 ¡0.002 10,260.31 0.004 

6/07/ 
2011 

6.43 − 0.006 10,302.47 0.004 

7/07/ 
2011 

6.38 − 0.008 10,216.21 − 0.008  
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resulted in an increase of share price. The stock price trend was similarly 
plotted over the AHS implementation period as depicted in Fig. 8 to 
confirm any correlation. It is shown that even in the period when the 
stock price was in a bear trend between January 2017 to June 2018, the 
milestone announcements still gave hope to the investors as most 

Table 2 
Regression Analysis output.  

SUMMARY OUTPUT 

Regression Statistics 
Multiple R 18.57% 
R Square 3.45% 
Adjusted R Square − 0.26% 
Standard Error 0.018 
Observations 28  

ANOVA  
df 

Regression 1 
Residual 26 
Total 27   

Coefficients 
Intercept − 3.575E-05 
Market Index Price Return (AU$) − 3.596E-01  

Table 3 
Daily abnormal returns calculation.  

Count Date FMG 
Share 
Price 
(AU$) 

FMG 
Share 
Price 
Return 

Market 
Index Price 

Market 
Index 
Price 
Return 
(AU$) 

DAR 

Day 1 1/ 
07/ 
2011 

6.39 0.006 10,251.59 0.003 0.0074 

Day 2 4/ 
07/ 
2011 

6.48 0.014 10,224.30 − 0.003 0.0132 

Day 3 5/ 
07/ 
2011 

6.47 ¡0.002 10,260.31 0.004 ¡0.0002 

Day 4 6/ 
07/ 
2011 

6.43 − 0.006 10,302.47 0.004 − 0.0047 

Day 5 7/ 
07/ 
2011 

6.38 − 0.008 10,216.21 − 0.008 − 0.0108 

CAR 0.0049 
Predicted share price (AU$) 6.438 
Share price difference (AU$) 0.032  

Fig. 6. Abnormal stock returns against AHS milestone announcements.  

Table 4 
AHS announcements and potential impact on iron ore stock price.  

Type of 
announcement 

Description Likelihood to 
affect stock 
price 

Count Colour 
code 

ASX – 
Technology 
change 

Release containing high 
technology change 
content. Very popular 
source where important 
company 
announcements are 
collated and viewed by 
investors and corporate 
decision makers. Mostly 
the first point of call for 
checking for important 
company 
announcements. 

Extremely 
likely 

3  

Technology 
change 

Literature in which AHS 
message is prominent. 

Very likely 8  

ASX Very popular source 
where important 
company 
announcements are 
collated and viewed by 
investors and corporate 
decision makers. Mostly 
the first point of call for 
checking for important 
company 
announcements. 

Extremely 
likely 

7  

Media release Mainstream media 
publications with 
notable AHS coverage 
such as ASX news, 
Newspapers, gazettes 
etc. 

Likely 3  

Generic Notable AHS content 
published in journals or 
bulletins. Or published in 
mainstream media or 
seasonal reports but the 
AHS content is not the 
most dominant message. 

Likely 10   
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announcements resulted in positive abnormal returns. 
The outcome of the Event Studies exercise pointed to an evident 

relationship between AHS implementation and share price performance. 
It gave scope for further investigation into the impact of AHS imple-
mentation on FMG share price. This was taken further by testing the 
metrics impacted by AHS to see how they related with share price per-
formance over the technology implementation period. 

4.8. AHS impact on productivity and financial metrics 

The impact on the share price of mining productivity improvement, 
the resultant financial performance, and the macroeconomic factors was 
investigated by tracking the factors trend against that of the share price. 
The investigations were carried out graphically to depict the relation-
ships over the AHS implementation period as shown in Figs. 9–12. The 

Fig. 7. Announcement type and impact on abnormal stock returns.  

Fig. 8. FMG stock price trend over AHS implementation period.  

Fig. 9. Mining & processing cost, and profit after tax vs share price performance.  
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next task would be to express the observed relationships in empirical 
terms to represent the framework. It is important to note that the list of 
factors outlined so far is not exhaustive. However, for the purpose of 
checking for the possibility a foundation upon which to build a frame-
work, the selected factors suffice. 

4.9. The conceptual framework determination 

Considering that the variables explored so far are of time series type, 
it is prudent to use statistical methods to champion the development of 
the empirical framework being sought after. Traditionally, many sta-
tistical methods such as Multiple Linear Regression Analysis (MLRA), 
Support Vector Regression (SVR), Autoregressive Moving Average 
(ARMA), and Autoregressive Integrated Moving Average (ARIMA) have 
been used to develop frameworks for share price prediction (Shakhla 
et al., 2018; Vijh et al., 2020). The applicability of these methods varies 
with the type of input data being used. The SVR, ARMA, MLRA and 
ARIMA methods use technical analysis indicators as input data to predict 
strock market movements (Rustam and Kintandani, 2019; Sharaf et al., 
2021). However, MLRA has been taken a step further to predict Stock 
Market Index price using fundamental factors (Enke et al., 2011). This 
makes MLRA a more suitable tool to use to establish a conceptual 
empirical relationship framework between mining technology driven 
metrics and the share price performance. This is based on the fact that 
the identified firm-specific metrics and the macroeconomics factors 
tested in this research are all fundamental factors. 

In other industries it is established that by thoroughly analysing the 
fundamentals, which are the economic conditions, the industry outlook, 
and the firm-specifics, a company’s stock price can be predicted (Isidore 
and Christie, 2019) using statistical tools such as the MLRA. This study 
seeks to apply the same philosophy to mining technological innovation 
driven metrics and share price performance. 

Based on the selected factors, the framework can established in the 
form of MLRA. The MLRA is expressed in the form: 

Share price,Y=b0 +
∑n

1
biXi,t− 1 + ε  

Where, b0 is a Y-axis intercept value. 

bi is the factor of unitary change of Xi on the share price, 
Xi is a share price-determining factor (mining-specific and macro-
economic), and 
εis an unexplained error term of the framework. 

Based on the metrics tested in this study, the variables Xi would be 
mining and processing cost per tonne, profit margin, ROE, ROA, net 
gearing ratio, current ratio, AUDUSD exchange rate, and iron ore price. 
Other mining technology-driven factors which can be added to input 
into the framework are ore tonnes mined per man-day, stripping ratio, 
net interest cover, and any other metric that can be deemed to be 
impacted by the implementation of AHS. 

5. Results 

A suitable technology was identified which could be used to cham-
pion the research. AHS was chosen as its application yielded consider-
able metrics which were tackable. The technology is also sustainable. 
FMG was the selected company for the case study as it was a single 
commodity company. Other companies implementing AHS, BHP Billiton 
and Rio Tinto, had other businesses which would dilute the impact of 
AHS in driving the share price. As such they were set aside. 

The Event Studies technique results showed that the implementation 
of AHS was significant as 67% of the milestone announcements resulted 
in positive abnormal stock returns. This signalled the presence of a 
relationship between the technology implementation and the share price 
performance. This opened an opportunity to identify some metrics 
which were impacted by the technology implementation and assess their 
performance in relation to share price performance during the imple-
mentation period. 

The identified metrics were mining and processing cost per tonne, 
profit margin, ROE, ROA, net gearing ratio, and current ratio. Their 
trends during the technology implementation period were determined. 
AHS reduced the mining cost and caused the profit margin shoot up at 
the completion of the implementation. With the improvement of prof-
itability, ROE and ROA shot up at the completion of implementation. As 
AHS improved profitability, the net gearing and current ratios improved 
significantly at the completion of implementation. In all these scenarios, 
the share price responded positively by shooting up at the completion of 
AHS implementation. Exchange rate was in a steady decline during the 
implementation period. Iron ore price declined and then steadily rose 
towards the end of the implementation. The share price performance 
trended sideways over the period when iron ore price and the exchange 
rate were in a steady decline. It appears that the effect of these macro-
economic factors on the share price performance neutralised each other. 
The neutralisation effect left the mining-specific factors to determine the 
ultimate direction of the share price. 

The findings from the case study were critical because they deter-
mined whether a framework for evaluating the impact of mining tech-
nological innovation on company’s stock market value could be 
postulated. Going back to literature, it was found that MLRA was a 
viable tool to adopt in developing the framework being sought after. The 
metrics driven by the AHS implementation and the macroeconomic 
factors were suitable inputs into the MLRA function. 

The results of the study could be compromised to some extent due to 
other interfering factors. The methodology has limitations in that only 
one case study company was used. If there were other factors that 
affected the impact of technology which were specific to FMG, these 
could go unchecked as there was no other company to validate the re-
sults with. While the emphasis was on AHS implementation, there were 
other less visible technologies being implemented in other sections of 
the business. They also impacted on the profitability of the company. 
The contribution of these technologies was not accounted for in this 
research. No detailed statistical significance testing was conducted on 
the impact of the trends of the chosen metrics on the share price per-
formance. Deductions were drawn from visual observations of the trends 

Fig. 10. ROE and ROE trends vs share price performance.  
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over the technology implementation period. There may also be some 
factors which caused the share price to shoot up at the end of the AHS 
implementation period which were not captured in this study. The 
Covid-19 pandemic could have possibly contributed as it created supply- 
demand imbalance in the iron ore market. This aspect was not explored, 
just to name one possibility. The accuracy of MLRA framework may be 
compromised if the key assumptions that should hold true for a MLRA 
methodology are not fully satisfied in the input data set. 

6. Conclusions 

It is demonstrated that mining technological implementation posi-
tively impacts productivity based on the data from the history of mining 
technological development. The FMG case study helped bring 
technology-driven productivity to company stock market value terms. 
This was demonstrated by share price performance in response to the 
improvement in metrics-driven by technological innovation 
implementation. 

The mining technological impact on share price performance was 
considered together with the macroeconomic factors, which had a big 
potential to influence share price performance. These were iron ore price 
and foreign currency exchange rate. Their respective trending over the 
AHS implementation period was considered together with the firm- 
specific factors. The latter appeared to dominate in determining the 
direction of the share price. It was also demonstrated that both the AHS 
implementation driven factors and macroeconomic factors could be 
used in an empirical relationship expression, the MLRA. 

Based on the results, the technology-driven productivity metrics 
present as a considerable basis for a framework to evaluate the impact of 
mining technology on a mining company’s share price. However, 
attention must be given to macroeconomic factors that impact stock 
price performance because they can override the positive impact of 
mining technological innovation implementation. Otherwise, MLRA is a 
good starting point to construct the framework. A more refined frame-
work can be constructed using more exhaustive capabilities of artificial 
intelligence tools. Overall, the current results have revealed the possi-
bility of utilising the impact of mining technological innovation to 
evaluate a company’s stock market value. 
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