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Causal relationships between economic
activity and the mining industry in Chile

Carolina Nicolasa,∗, Julio Rojas-Morab and Leslier Valenzuela-Fernándezc

aEscuela de Ingenierı́a Comercial, Facultad de Economı́a y Negocios, Universidad Santo Tomás, Chile
bDepartment of Informatics Engineering, Faculty of Engineering, Universidad Católica de Temuco, Chile
cDepartment of Administration, School of Economics and Business, University of Chile, Santiago, Chile

Abstract. The aim of this study is to examine the incidence of economic activity on soft innovation in the mining sector.
Through a global analysis of indirect incidents and using the theory of forgotten effects. Thus, the case of the mining industry
in Chile was analyzed, given that it is one of the industries that contributes the most to GDP in Chile. The empirical study
was carried out through the application of a structured survey towards three experts from the mining sector. In addition, the
study concludes with evidence that oil price has a direct incidence on investments in mining and economic expectations, and
indirectly in average income middle managers, market share of the company in the mining sector, and growth of imports and
exports in the mining sector.

Keywords: Soft innovation, mining industry, forgotten effects theory, monte carlo method

1. Introduction

The Economic Commission for Latin Amer-
ica and the Caribbean (ECLAC) foresees regional
economies, pushing them to have a more favor-
able and international context in 2018. ECLAC also
stresses the need to diversify the productive struc-
ture of said economies, with the aim of obtaining
larger benefits that can incorporate sustainable use of
knowledge and technology in the long term (ECLAC,
2017).

Business models provide pathways by which tech-
nological innovation and knowhow can combine with
the use of tangible and intangible assets to gener-
ate profits [18]. In retrospect, innovation requires a
combination of different types of knowledge, capa-
bilities, and resources to be successful [19]. In fact,
the creation and transformation of business models

∗Corresponding author. Carolina Nicolas, Escuela de Inge-
nierı́a Comercial, Facultad de Economı́a y Negocios, Universidad
Santo Tomás, Chile. E-mail: cnicolas@santotomas.cl.

are better known as outputs of dynamic capabilities.
These organizational innovation capabilities have
direct influence in the development of sustainable
strategies, the generation of competitive advantages,
and the facilitation of success in the market [18].

Although dynamic capabilities are multifaceted,
firms will not necessarily be strong across all
dimensions [19]. Strong organizational innovation
capabilities (dynamic) will signify superior ability to
integrate (relative to competitors), build, and recon-
figure internal competences to address and –or in
some cases also– bring about changes in the business
environment [18].

In this context, this study provides a first approach
on soft innovation in Mining in Chile. This industry
is well-known in Latin America (LATAM) due to its
sizeable contributions to the region in development,
innovation and GDP (Gross Domestic Product),
which reached 9% in 2017. In retrospect, Chile is the
most innovative LATAM economy, ranked 44th in the
world with 38.4 points (OMPI, Universidad Cornell
& INSEAD, 2016). However, in 2017 the country fell

ISSN 1064-1246/20/$35.00 © 2020 – IOS Press and the authors. All rights reserved

Corr
ec

ted
 P

roo
f

mailto:cnicolas@santotomas.cl


2 C. Nicolas et al. / Causal relationships between economic activity and the mining industry in Chile

to 46th place according to the World Innovation Index
(OMPI, Cornell University & INSEAD, 2017).

This study uses a case-by-case system to analyze
the incidence of economic activity in the levels of
innovation. The aim is to identify the indirect effects
that economic decision-making has on innovation.
Hence, the main research questions are:

Are there unknown (or forgotten) effects in the
mining industry that are caused by economic activ-
ity? And if so, are some of these effects reflected in
lightweight innovation?

The study also conducts an analysis that applies the
‘Theory of forgotten effects’ based on the opinions
of experts, which take into account the pessimistic,
the normal, and the optimistic scenarios. This makes
it possible to investigate a number of possible causes
that can have an incidence on the level of lightweight
innovation.

To highlight the importance that lightweight inno-
vation has, we have selected Mining as the element
that measures the economic sector and level of
national development. Likewise, the study also uses
the ‘Theory of forgotten effects’ which help demon-
strate the indirect incidences that are influenced by
economic activity (which in a preliminary analysis
does not seem important).

Thus, the value of this research lies in its contri-
bution of including gradual and nuanced thinking of
the decision-makers in the process of determining the
levels of innovation in mining. This involves and ana-
lyzes the natural way of thinking of human beings
under environments with high uncertainty.

Currently, soft (lightweight) innovation is being
applied more regularly in organizations than techno-
logical innovation [15]. Part of the reason for this is
that soft innovation, at the cultural level, can bene-
fit from a multi-disciplinary focus based on human
creativity [10]. After analyzing the literature in the
Web of Science (WoS), we have found seven articles
regarding the subject. This motivates us to continue
the research given: A) its originality, and B) the open
field that exists to explore how this knowledge can
contribute to different economic sectors (in this case
in the Chilean mining industry).

The variables associated to light innovation con-
sidered are related to business management such as:
workspaces, salary level, human resources manage-
ment, market share, among others.

One of the main guidelines of this study is the
following question: Does economic activity influ-
ence the level of innovation in the Chilean mining
sector?

Thus, the objective of this research is to explore
the incidence that economic activity has on the level
of mining innovation.

The following parts of this article are composed
of:

1) The literature review, whose aim is to conceptu-
alize and show existing research on the subject.

2) The methodology employed in the empirical
study.

3) The results.
4) The conclusions and reflections for future

research.

2. Literature review

The (OECD, 2008), defines the Innovation Sys-
tem, as a system of interaction of companies, small
or large, public and private sector, universities and
state agencies, oriented to the production of science
and technology within national borders, where this
interaction occurs between the technical, commer-
cial, legal, social or financial units, as long as the
objective of the interaction is the development, pro-
tection, financing or regulation of new science and
technology. “ But in the literature the term “inno-
vation” is notoriously ambiguous and lacks a single
definition [27, 30]. According to the Department of
Commerce and Industry of the United Kingdom (DTI
1998), “the successful exploitation of new ideas”.
This holistic approach could be found in an organiza-
tion, which implies a wide range of innovation types:
product / service, process, administrative, technolog-
ical, among others.

The most influential journals for innovation
research indexed in Web of Science are: Strategic
Management J, Research Policy, Academy of Man-
agement J, Organization Science and Management
Science. In relation to universities, at an interna-
tional level, universities in the United States and
the United Kingdom are the most productive and
influential institutions [28]. This is consistent with
other rankings of the best universities in economics
and business (QS, Shanghai ARWU). According to
QS ranking: MIT, U. Cambridge and Imperial Coll.
London, within the three most influential universi-
ties principals. Then, the Shanghai ranking: Harvard
U, Stanford U and MIT. In the ranking proposed
by Ranking [28] is presented to: U. Pennsylvania,
Harvard U., MIT, Stanford U.
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Most of the research conducted before 2009 speaks
of innovation as functional, scientific or technolog-
ical. The OECD manuals that guide the collection
of data on innovation have largely reflected this per-
spective, with an emphasis on product and process
innovation (TPP) in new products and, more recently,
in services (although it is also has identified organi-
zational and marketing innovation).

These last decades have increased in interest to
develop soft innovation focused “organizational”
innovation and “commercialization”, arising a great
interest in the creative industries. It is proven that
developing soft innovation improves the profitability
of companies [29].

Innovation management is clearly associated to
management of change [5]. Literature suggests that
companies must understand, manage, role of human
resource management innovation in creating compet-
itive advantage [31]. This means that the theory based
on resources (Resource theory) considers corpo-
rate strategic management as an important corporate
capability in innovation [2, 13, 21].

In retrospect, innovation is fundamental to achieve
success and prosperity in the 21st Century [11]. The
exemplary case of Toyota, where its success comes
from technological innovation and its “Toyota’s cul-
ture of contradictions”, have helped develop soft
innovation in the management of human resources
and corporate culture [16]. The research conducted
by [6] also shows the relevance that this new per-
spective is having on innovation, showcased by how
the concepts of market orientation and design ori-
entation have impacted online games. Choi’s study
[6] concludes with demonstrating the importance that
the combination of technological innovation and soft
innovation have in strategic corporate competitivity.

Following this idea, manage to identify the key
determinants that encourage soft innovation in cul-
tural institution [4]. They conclude that innovation is
strengthened by digital literacy on the products and
the consumers. Likewise, highlights the importance
of soft innovation and that the discipline deserves
more attention [8].

It is therefore expected to see the interest of
public policy in innovation, which although recent
[8], it is considered to play a key role in devel-
oping the industry and human capital. Nonetheless,
these have focused mainly on the concept of inno-
vation in science and technology, developing I + D
[8] in the mining, agricultural, and manufacturing
sectors based on the Oslo manuals and the OCDE’s
Frascati.

The capacity for innovation within a company will
depend on its ability to recognize the value of new
and external information [15].

Therefore, soft innovation is considered as a sig-
nificant element of the service sector in modern
economies. Furthermore, its contributions to differ-
ent industries are steadily becoming better known, as
well as in marketing and organizational innovation.

The variables considered in the study are related
to the proposal of Adamas [27], where he points out
that competitive success depends on the management
of the organization of the innovation process. Within
these variables are those related to the following
Framework category: inputs, knowledge manage-
ment, strategy, organization and culture, portfolio
management, project management, Commercializa-
tion.

3. Methodology

3.1. Theory of forgotten effects

The theory of forgotten effects was proposed by
Kaufman and Gil-Aluja (1988) [33] to identify indi-
rect effects in cause-effect processes.

Given a set of causes C = {ci}, ∀i = 1 . . . n, and a
set of effects E = {ej}, ∀j = 1, . . . , m, the following
matrices, representing first-order effects, are built:

CC =
[
μCC

i,î

]
n×n

(1)

CE =
[
μCE

i,j

]
n×m

(2)

EE =
[
μEE

j,ĵ

]
m×m

(3)

where μCE
i,î

is the degree of truth, in [0,1] of the state-
ment “ci has an incidence on eî” (equivalently for the
other two matrices). It should be noted that given de
definition of CC and EE, both are reflexive matrices.

The second order effects are calculated through:

EC2 = EC1+2 − EC (4)

Where:

EC1+2 = CC ◦ EC ◦ EE (5)

and ◦ is a nonlinear and associative operator known
as the maxmin convolution. In general terms, for a
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4 C. Nicolas et al. / Causal relationships between economic activity and the mining industry in Chile

Table 1
Scale for the degrees of truth of the proposition

“C has an incidence on E”

Degree of Truth Assessment

0 False
0,1 Practically false
0,2 Almost false
0,3 Quite false
0,4 More false than truth
0,5 Neither truth nor false
0,6 More truth than false
0,7 Quite true
0,8 Almost true
0,9 Practically true
1 True

Source: Gil (1990) [32].

matrix:

A =
[
μA

i,î

]
n×n

(6)

where the max-min convolution is defined as:

μA1+2

i,î
= max

i,î=1,...,n

{
min

k=1,...,n

{
μA

i,k, μ
A
k,î

}}
(7)

and the second-order effects are obtained from:

μA2

i,î
= μA1+2

i,î
− μA

i,î
(8)

Any second order effect above 0.5 is considered a
forgotten effect.

3.2. Procedure of empirical data

To develop the empirical study, we had to take
into account a preliminary step that consisted in
defining the causes and effects that had to be con-
sidered in this research. To this end, we performed
several evaluation-based interviews with a group
of six researchers, which results can be seen in
Table 2.

In the second stage of the study, the methodology
required us to have experts complete their inci-
dence analysis on three relationship matrices using
an lhe scale of positions of eleven values (11-valued)
(Table 1) [32]. Hence, we applied a structured sur-
vey to three Chilean research and economic experts,
where we ask them to evaluate the degree of truth
based that each “cause” has on each “effect,” that each
“cause” has on each “cause”, and that each “effect”
has on each “effect.”

One of the main drawbacks of the theory of for-
gotten effects lies in the application to “experts” and,
therefore, on the definition of what an “expert” is,

a limited consensus concept as reported by Baker,
Lovell, and Harris [26]. Nevertheless, for Fink et al.
[25] an expert should be someone who is “representa-
tive of [her] profession, [has the] power to implement
the findings,” or because she will not likely be chal-
lenged as having sufficient expertise in the field. Such
a definition limits the number of individuals who can
then be participants in a forgotten effects study. Fur-
thermore, in some problems, a person can be an expert
on a subset of subjects, while she may be not having
more knowledge than any other layman on the rest.
Thus, we implemented a dual-pronged methodology
to deal with both issues. First, the experts were asked
to assign not a single degree of truth to each relation-
ship, but a minimum and a maximum degree of truth,
an interval in which they limit their uncertainty or
confidence about the degree of truth of a statement or
relationship:

[
μA

i,j,k,min
, μA

i,j,k,max

]
(9)

where A ∈ {CC,CE,EE}, i,j are the rows and
columns of A, and k is a given expert.

Someone who is an expert in a subset of subjects
in the problem will answer with narrower confidence
intervals for the statements or relationships related
to her field of expertise, while for those outside the
confidence intervals would be broader. This solution,
in turn, is followed by a second problem: how to
deal with confidence intervals in the context of a for-
gotten effects study? It was decided to use a Monte
Carlo [22] approach, using each confidence interval
as a uniform probability distribution from which to
extract a single value μA

i,j,k,r, at replicate r, for the
degree of truth of the statement “in matrix A, i has in
incidence on j.” The set of second-order effects that
occurred are then tabulated, and a new replicate is per-
formed. By performing this process a large number
of times, we obtain a frequency table of the forgotten
effects identified with the intervals obtained from our
experts. Therefore, a forgotten effect will sometimes
appear, while others do not; it can also be observed
that the degree of truth with which a second-order
effect appears varies with each occurrence; hence, we
calculate the average degree of truth for this effect.
This process will not only help in solving the problem
when uncertainty in the assessment of the degree of
truth of a statement or relationship appears but also
helps in coping with the problem of a small sample
of experts.
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Table 2
The main causes and effects that affect value-creation in the mining industry

Causes

C1 Economic expectation of the country (Monetary, financial, fiscal and exchange): considered as a global vision.
C2 Macroeconomic environment (fiscal policy, monetary policy, Exchange rate policy, competitive policy, financial policy):

considered as a global vision.
C3 International financial environment and Country risk.
C4 Infrastructure (land, sea, air).
C5 Infrastructure (New Technologies of Information and Communication).
C6 Country educational level (Tertiary, Secondary, Primary): Global vision.
C7 The people’s capabilities to administer businesses (Human Resource in the Company).
C8 Energy availability (secure source).
C9 Energy availability (low cost).
C10 Natural resources (Mineral law – Law on minerals).
C11 Stock of physical capital of the Company (infrastructure, land, capital, etc.).
C12 Regulatory system and Import barriers.
C13 Regulatory system and Export barriers.
C14 I+D+i (Investigation, Development, Innovation).
C15 I+D+i (Investigation, Development, Innovation): Country level.
C16 Copper Price.
C17 Labor conditions (Staff training, vacations, wages, work environment, schedules, contract types, etc.): at the general level.
C18 Petroleum/Oil prices.

Effects
E1 Growth in mining GDP.
E2 Employment rate.
E3 Investment in mining as a percentage of GDP.
E4 Investment level in relation to total income of the sector.
E5 Growth in exports in the mining sector.
E6 Growth in imports in the mining sector.
E7 Environmental effects due to mining activity.
E8 Corporate reputation
E9 Company Market Price.
E10 Market diversification (geographic, goods and services).
E11 Financial economics situation of the mining Company.
E12 Traceability of real estate.
E13 Organizational environment.
E14 Produced product quality of the mining sector.
E15 Market share of the mining sector.
E16 Average Income of upper echelons (High executives, Directors, etc.).
E17 Average income of mid and lower tier levels (Managers, Supervisors, etc.)
E18 Delivery time of goods: Fulfillment of schedules and deadlines.

Source: Own Elaboration.

3.3. The analysis process

The data was analyzed with a Monte Carlo experi-
ment with 100,000 replicates. Based on the randomly
selected values in each replicate for each expert k,
we constructed matrices with their averages, such
that:

μA
i,j,r

= 1

3

3∑
k=1

μA
i,j,k,r

(10)

With the matrices obtained from this process, the
second-order effects were calculated in a given repli-
cate, their frequency, and their average degree of truth
were updated. Therefore, the most important forgot-
ten effects are the ones that appear more frequently,

while the most sporadic forgotten effects are the ones
that of minor importance.

4. Results

By using the proposed methodology, 314 forgot-
ten effects were observed based on experts’ opinions,
ranging from a single unique appearance (25 effects)
to 100% appearance (two effects); Nonetheless, to
serve as an example and due to the constraints on the
size of this article, we present 20 of the most recurring
forgotten effects (see Table 3).

As can be seen, the effect C7 → E4 → E7 appears
in 83% of the replicates, while the effects C2 →
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6 C. Nicolas et al. / Causal relationships between economic activity and the mining industry in Chile

Table 3
Forgotten effects

From Through To μ̄ Freq.

C2 C1 E2 0,666669593 100000
C18 E3 E17 0,674440941 100000
C18 E3 E15 0,599247284 99992
C1 C2 E1 0,711503723 99980
C18 E3 E6 0,580190142 99436
C18 E3 E5 0,581778303 97313
C18 C1 E17 0,674429812 97098
C18 C1 E15 0,599261789 96996
C18 C1 E5 0,581767135 96685
C2 E13 E2 0,666662322 94643
C7 C5 E7 0,647610583 91769
C11 C14 E11 0,549307179 90230
C11 E16 E11 0,549310801 89735
C18 C3 E18 0,687488603 89448
C18 C1 E6 0,580188284 88007
C18 E3 E10 0,550417951 86459
C18 C1 E7 0,543658835 86331
C15 C1 E15 0,602454595 84463
C18 C1 E10 0,550432237 83905
C7 E4 E7 0,645948185 83012

Note. B1: Growth in mining GDP: B2 Employment level: B3:
Investment in mining as a percentage of GDP. B17: Average
income of mid and lower tier levels (Managers, Supervisors, etc.).
B15: Market share of the mining sector. A1: Economic expec-
tation of the country (Monetary, financial, fiscal and exchange):
considered as a global vision. A2: Macroeconomic environment
(fiscal policy, monetary policy, Exchange rate policy, competitive
policy, financial policy): considered as a global vision. A11: Stock
of physical capital of the Company (infrastructure, land, capital,
etc.). A18: Petroleum/Oil prices.
Source: Own Elaboration.

C1 → E2 and C18 → E3 → E17 appear in 100%
of them. The origin, C18 (Price of oil) appears in
60% of the sample. We can also see two notewor-
thy midpoints in C1 (country economic expectations,
40%) and E4 (Investment level in relation to the total
income of the sector, 25%). However, it is important
to mention that none of the endpoints in the forgot-
ten effects reported appear disproportionally in the
sample. Besides, the effect that had a higher average
degree of truth (0.71) was C1 → C2 → E1.

The first analysis set shows the indirect incidence
that economic activity has on the level of soft inno-
vation in the mining industry. These results come
from the preliminary analysis of economic activity
and of innovation in Chile’s mining sector, which
shows that macroeconomic conditions and oil price
volatility indirectly affect the level of worker’s aver-
age income in the sector (Table 3). As can be seen,
oil prices are shown to have a significant role in the
industry.

When viewed together, these results suggest that
there is an association between the level of soft

innovation and the oil price. Furthermore, it shows
an indirect incidence in the average income of the
workers that are within and outside the sector.

5. Discussion

In retrospect, oil price shocks are closely related
to economic fluctuations [3]. It is important to note
that some regions respond differently to oil market
shocks, this is the case of Asia and South America
in relation to Europe and North America, where the
former are less negatively affected [1]. In addition,
it is necessary to differentiate between oil-exporting
countries from oil-importing countries when investi-
gating effects of oil price shocks, In net oil-importing
countries the effects of aggregate demand uncertainty
on stock markets much smaller and less persistent
than net oil-exporting countries [17]. There is a vari-
ety of studies on the complex and varied relationship
between oil prices and the stock market, the con-
clusions vary depending on whether the studies are
symmetric or asymmetric changes in the price of oil,
or unexpected changes in this, most of them the stud-
ies show oil price volatility transmits to stock market
volatility [24]. With this study we can affirm that oil
price is a major economic incentive for the activities
in the mining sector [23].

By reviewing the literature, we found data regard-
ing the association between oil price changes and
GDP growth [7]. One such study, presented by Hamil-
ton [12], identifies a nonlinear relationship between
oil price changes and GDP growth. Other prior stud-
ies analyzed data from a micro data panel and noted
the correlations between oil price shocks and output,
real wages, and employment shares [14].

In addition, there is evidence that increases in the
price of oil causes a significant decrease in real wages
for all workers but increases the relative wage of
skilled workers [14]. A study carried out in the USA
in 2001 shows that Employment growth has an asym-
metrical relationship with price of oil [9].

Several reports have also shown that less oil price
volatility is key in reducing US macroeconomic insta-
bility [3]. However, very little was found in the
literature on the question of the relationship between
the macroeconomic environment (fiscal, monetary,
exchange policy, competitiveness and financial pol-
icy) and employment level.

An initial objective of this study was to identify
the forgotten effects from economic activity in the
level of innovation in the mining sector. With respect
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to the first research question, we discovered that this
really has an indirect impact on the average wages of
workers and workers in the sector.

We discovered that this really has an indirect
impact on the average wages of workers and workers
in the sector.

Another important finding was the demonstration
of the possible dependence of the mining industry on
the price of oil, and how this situation can indirectly
affect the level of technological innovation (as soft
innovation).

Surprisingly, I + D+I (investigation, development
and innovation) was found to no have influence in
wages of workers and worker share in the sector. An
expert commented on the existence of high innovation
in the management process in the Chilean industry
and determined the existence of stagnation in tech-
nological innovation.

We emphasize that these results are consistent with
the data obtained from the literature regarding oil
prices [7, 12, 20].

This study also raises the possibility that it can
delve and be used to analyze light innovation in dif-
ferent industries. As demonstration, it is important to
note that this study was originally created to analyze
the mining sector, from which we have successfully
applied the same techniques to conduct an analysis on
the agribusiness sector. The relevance of this is great,
as it will allow us to learn from various industries and
their relationship with innovation.

In addition, the results are significant in at least
two major ways: 1) It shows that oil price is an eco-
nomic variable that affects the mining industry in
different areas, as innovation in human resource man-
agement, and strong market share. 2) It demonstrates
the indirect relationship between the macroeconomic
environment and the level of employment in the sec-
tor.

We have left to reflect, if for the mining industry in
general, the savings from oil price drops are greater
than the costs because it goes up [23]. Is this the expla-
nation of what we see as forgotten effects? Low oil
prices substantially increase the country’s economic
expectations and investment in mining, which acti-
vates many effects simultaneously? Are these effects
related to light innovation?

6. Conclusions

Our aim in this research was to examine the for-
gotten effects from economic activity and the level

of innovation in the mining sector. The investigation
questions were:

Are there unknown (or forgotten) effects in the
mining industry that are caused by economic activ-
ity? And if so, are some of these effects reflected in
lightweight innovation?

In relation to them, this study has found that gen-
erally there is not a great number of forgotten effects
related to economic activity and soft innovation in
the mining industry. However, there is an important
finding in how oil price has an indirect incidence in
workplace innovation, job, and market share.

The macroeconomic studies done in USA and
China supports another conclusion of this paper: That
there is a straight relationship between macroeco-
nomic instability and employability.

Furthermore, the evidence of this study suggests
that soft innovation levels in the industry is either
still very low, or not widely known.

With the aforementioned, the contribution of this
study has been in confirming that the low levels of
innovation in the Chilean mining sector may be influ-
enced by copper price, another variable, or that there
is low innovation investment (a trend) in the sector.

It is important to note that this research was limited
due to the absence of variable control as described by
the three experts who collaborated with the investi-
gation. The limited number of experts interviewed
is explained, t from the difficult nature we had in
obtaining people that fit the required profile for this
study.

Nonetheless, it is worth mentioning that this study
should be repeated in other industries, as these should
be further bolstered by comparison studies with other
developing economies which can help reduce certain
variables and give us a more precise view. In addition,
experimental investigations are needed to estimate
soft innovation specific activities.

As a final conclusion, another important and
practical implication is to motivate creativity and
innovation in different industries, as it is clear
(according to expert opinions) that non-technological
innovation is fairly known to be common in the min-
ing sector.
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