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The purpose of this research was to find out, if and how Lean could be used for analysing 

the Industrial Internet of Things (IIoT) investments in Mining. Based on the results, 

recommendations have been made for customers and suppliers. The research 

recommendations for suppliers follow Kotter’s eight-step change process. The goal was to 

find a standardized way of working for analysing the survey results and making the necessary 

changes. The research surveyed the mining customers’ key drivers for IIoT investments and 

experimented with a variety of different Lean solutions. The anonymous online survey was 

conducted between the 15th of April 2020 and the 15th of May 2020. According to the results, 

there are five main topics for development: (1) Mining customers would like to get more 

support from the suppliers on Change Management and (2) analysing the digital data. Also, 

strong emphasis should be on (3) local and remote support. (4) The systems would need to 

be integrable while ensuring that the (5) the data is secured. There are some differences 

between the English-speaking participants versus Chinese speaking, however, there were no 

statistically significant differences between the Management and Engineering. In general, 

most of the responses and expectations are fairly consistent. According to the research, it 

can be stated, that Lean can be used to develop the services provided to the Mining 

customers. Digital solutions are continuously developing and therefore, developing the 

services would need to be more iterative and continuous compared to the conventional 

equipment supply. The research indicates that successful experiments can be achieved with 

very little effort. When developing new solutions and services, it is best to focus on the 

customer. Focusing on customers’ expectations and finding out what is truly valuable for 

them, will ensure that the “Waste” (Muda) on development is minimised. 
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Tämän tutkimuksen tarkoitus on selvittää, soveltuuko Lean teollisen esineiden internetin 

(IIoT) investointien analysointiin kaivostoiminnassa. Suositeltuja toimenpiteitä on listattu 

niin toimittajille kuin tilaajillekin. Toimittajalle tehdyt suositukset noudattavat Kotterin 

kahdeksan askeleen muutosprosessia. Tutkimuksen tavoite on löytää standardoidut 

toimintatavat kyselyiden analysointiin ja tarvittavien muutosten toteuttamiseen. Tutkimus 

kohdistui kaivosasiakkaiden teollisen esineiden internetin (IIoT) investointeihin ja siinä 

testattiin useita Lean ratkaisuja. Anonyymi kysely avattiin 15.4.2020 ja suljettiin 15.5.2020. 

Tulosten perusteella havaittiin viisi kehitettävää aihealuetta: (1) kaivosasiakkaat haluaisivat 

lisää tukea toimittajilta muutosjohtamisessa ja (2) digitaalisen datan analysoinnissa. 

Toimittajilla pitää olla vahva (3) paikallinen tuki ja lähituki. (4) Järjestelmä pitää olla 

integroitavissa asiakkaan järjestelmään, sekä (5) data turvattua. Joitain eroja havaittiin 

englanninkielisten ja kiinankielisten vastausten välillä, mutta sidosryhmien välillä ei 

huomattu tilastollisesti merkittäviä eroja. Yleisesti tarkasteltuna, vastaukset ja odotukset 

ovat suhteellisen johdonmukaisia. Tutkimuksen perusteella voidaan todeta, että Lean 

soveltuu palveluiden kehittämiseen kaivosasiakkaille. Digitaaliset ratkaisut kehittyvät 

jatkuvasti, joten kehitystyön pitää olla iteratiivista ja jatkuvaa verrattuna tavanomaiseen 

laitetoimitukseen. Tutkimuksen mukaan, onnistuneita kokeiluja voidaan suorittaa pienellä 

panostuksella. Kun kehitetään uusia ratkaisuja sekä palveluita, on parasta keskittyä 

asiakkaaseen. ”Hukkaa” saadaan minimoitua, kun keskitytään asiakkaan odotuksiin ja 

tunnistetaan todelliset arvoa lisäävät aspektit. 
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1. INTRODUCTION  

“The secret of change is to focus all of your energy not on fighting the old, but on building 

the new” -Socrates 

 

Mining, probably the most conventional industry is facing digital revolution. Mineral 

processing plants on the surface are more advanced on digital solutions since they are closer 

to general industries than the rough conditions in mineral extraction. Other industries have 

always needed minerals supplied by mining and will continue to need them, as recycling will 

not be able to fulfil the demand. A low-carbon future will increase the mineral demand 

(World Bank 2017). Mining is the origin of raw materials for a variety of industries, 

however, the adaptation on smart solutions has been slow, while global productivity has 

reduced 28% from 2005 to 2015 after adjusting the ore grade (McKinsey 2015). 

 

Working harder would not solve the fact that the future mineral reserves are deeper, locations 

even more remote, mineral concentrations poorer, global population and environmental 

concerns are increasing (WEF, 2019). These factors increase the minerals demand and create 

not only a technical challenge but a resource challenge. Mining will need smarter ways of 

working by developing their processes and utilizing innovations.  

 

Conventional mining along with other industries is moving from reactive to proactive 

approach to solving the issues. Digital and continuous asset monitoring provides 

transparency on equipment (asset) conditions, resulting in faster reactions before the actual 

problems occur. Preventative maintenance provides more consistent and stable production, 

as the unplanned production stops are minimized. Ensuring continuous flow is one of the 

most important Lean methods (Modig & Åhlstöm 2013, 94). 

 

Digital transformation would still require human resources as the systems require 

maintenance, thus the general concern on lost jobs is not reasonable in near future. However, 

digitalization will shift the balance more to white-collar workers (PWC 2018, webcast). 

Digitalization will make the working environments for the operators more convenient with 

less noise, dust, and vibration. Machine failure in the underground narrow production tunnels 

would be a massive issue for the production and especially for safety. However, with 

notifications from the asset monitoring, the operators have time to move the machine to the 

surface. Maintenance facilities on the surface are often more efficient and the environment 

less hazardous. If the operator successfully removes the machine from the narrow production 

area, the production can continue without obstacles. With a spare machine, there would be 

no significant impact on production figures. 

 

As a reference, Alain Grenier from Hecla Quebec measured that with digital loader 

monitoring, they gained about 30 minutes per shift and reduced the overspeed on the 

transmission by 10%. They were able to identify harmful operator behaviour and reacted by 

providing training, resulting in a 50% reduction in transmission abuse in 4 months. In 

addition, the technicians in the control room get a notification, if the operators are not 

performing brake tests, resulting in corrective actions and enhanced safety aspects. After 9 

months, they increased machine availability by 8% and reduced the maintenance cost by 

7.8% (Newtrax 2020). 
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Automation and autonomous vehicles enable fully automated tasks with full integration to 

the mine infrastructure. Removing the operators from the hazardous underground production 

area is already showing positive outcomes as the Sandvik AutoMine has a clean, zero LTI 

record with over 3 million operating hours (Sandvik 2020). Moving the operators away from 

the noise, dust, and vibration improves their health, and reduces operator fatigue. Depending 

on the application, Sandvik generally recommends that one operator operates a maximum of 

three machines at a time. Technology is developing rapidly, and in the future, the operator 

would be observing a greater amount of assets. In some cases, by removing the time wasted 

due to operator transportation to the underground, the autonomous vehicles enable higher 

productivity and operator utilization. 

 

A system that informs when the truck is not operating in full capacity, will lead to corrective 

actions, resulting in enhanced productivity and reduce fuel consumption. With full capacity, 

the production target is fulfilled with lower total hauling distance, resulting in lower machine 

maintenance costs in long term. 

 

Asia and North America are driving the digital transformation in a variety of industries, 

while Europe is still focused on operational cost reduction (PWC 2019). The development 

of digital solutions in automotive and other industries is shifting towards mining and 

increasing the competition, which is always beneficial for the customers. Focusing on the 

development that provides the highest value for the customer (value-based selling) can create 

a significant competitive advantage. Value-based selling (VBS) is beneficial for the supplier, 

as it provides transparency on the digital functionalities, resulting in as easier comparison 

between the suppliers. VBS has proven to be difficult, however, the concept is simple: Win 

and grow customers through product, service, and program offerings whose total value 

relative to price exceeds that of alternatives. By demonstrating greater value, the seller can 

win at a price premium (Moorman & others 2018). 

 

Almost two-thirds of global manufacturing companies have barely or not yet begun on the 

digital journey (PWC 2018, 6). Two-thirds of global manufacturing companies do not have 

a clear digital vision and strategy to support digital transformation and culture (PWC 2018, 

webcast). EMEA region is focusing on operational efficiency by cost reduction and cost 

efficiency, while North America is more focused on customer solutions with data analytics. 

However, Asia is mastering the cost efficiency and the customer solutions, as the mindset is 

more digital and the region is facing pressure on cost (PWC 2018, webcast). In the metals 

industry, the biggest challenge on digital investments is, that the economic benefits are 

unclear. Lack of vision and support from top management is the second largest challenge 

(PWC 2016). 

 

IIoT, Industry 4.0, and Big Data, are hot topics globally, and rapid technological 

development will enable even more advanced technologies. To justify the digital 

investments, it is critical to transform and sort all the massive amounts of data, into valuable 

and readable data for the mining companies (McKinsey 2015). Suppliers are taking a 

proactive role in activities related to the data analysis. Data alone would not always solve 

the root causes, therefore methods and tools for the analysis will be needed. PWC survey in 

2016 stated that the metals industry is expecting a significant increase in digital products and 

the expectations on added value relate to an increase in revenue and cost reduction.  

 

According to Swar (2011, 66), service quality has a direct impact on customer satisfaction, 

and customer satisfaction has a direct connection to customer behaviour. Ries (2011, 48-49) 
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considers that taking into consideration the customer feedback, the product and services can 

be modified to fulfil the customer’s need. Therefore, to improve the service quality, the 

purpose of this research is to identify the mining companies’ key drivers for digital 

investments. What expectations they have on productivity, efficiency, and support? Do they 

prefer some functionalities and services more than others? For these and other questions, a 

survey was prepared and distributed to over 150 contacts globally. Participants responding 

to the survey were existing customers and potential future customers for Sandvik digital 

solutions, thus the respondents had at least some understanding of digital solutions and the 

question topics. 

 

For the research survey, there were three options considered: (1) quantitative with 1 to 5 

rating, (2) qualitative with written examples, and (3) qualitative as an open template. As the 

survey would be sent to a fairly short list of contacts - it was expected that the response rate 

would be low. Therefore, qualitative with written examples was chosen, thus the analysis is 

based on empirical material. It was estimated that this approach would be more informative 

and would maximise the response rate. For the analysis, graphical phenomenology was used 

for all the sections to assist in illustrating the results. The anonymous survey contained 23 

questions and was available in English, Finnish, Spanish, Portuguese, Russian, Chinese, and 

Urdu. The survey was open from 15th of April 2020 to 15th of May 2020 and responding to 

the survey was not mandatory. 

 

To enhance the creditability of the research, the triangulation method was applied. In 

triangulation, the research is analysed from multiple perspectives and in many ways. Term 

multi-method triangulation is commonly used, in which a combination of quantitative and 

qualitative methods can be applied (Hirsjärvi & others 1997, 223). 

1.1 Target and scope of work 

The target of this research is to create a description of mining customers’ key drivers for 

investments on digital solutions and to test if there are regional and stakeholder differences 

on expectations. The intention is to create unbiased concepts, based on the survey responses 

and to avoid making assumptions. Mapping the customer and supplier relationship, 

interpretations have been made for illustration purposes. From the survey responses and 

interpretations, the intention is to make proposals for the solution suppliers and customers. 

 

The intention is to identify mining companies’ possible concerns, restrictions, and obstacles 

related to digital transformation. The root causes of the concerns, restrictions, and obstacles 

are not covered in this research. Lean and Change Management methods are researched 

simultaneously, as they provide tools for the research. 

 

For a mutually positive outcomes, it is important to take into consideration the customers’ 

expectations and perspectives. Although the survey and the tools allow viewing the 

differences based on language and stakeholders, the research, in general, is an overview on 

the responses. The intention is to describe the responses as one group and identify the typical 

phenomena. 

 

The first stages of the research are limited to the survey creation, selecting the target group, 

and theoretical research. For qualitative research, the scope of work was limited to the survey 

responses and interpretations. The most critical criteria for the theoretical research was the 

suitability for the actual research. 
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Main research questions are: 

• What are the key drivers for customers’ digital investments? 

• Using common Lean methods and tools, the intention is to respond to the 

following sub-categories: 

o Are there regional differences? 

o Are there stakeholder differences? 

• What would be the recommendations to fulfil the customers’ expectations? 

1.2 Challenges 

The research target is ambitious, as it requires combining several different topics: (1) Lean, 

(2) Change Management, (3) IIoT, (4) investments, and (5) mining. The author had started 

to work for the sponsor company a month prior to this research started, thus there were a lot 

of other priorities. During the research, COVID-19 had an impact on the activities on several 

levels. The communications were more challenging, as the research support team was fully 

occupied with existing activities. Theoretical research was mostly based on publications and 

materials that were available online as the libraries were closed. Despite the challenges, an 

adequate amount of data and support was received for a research purpose. 

1.3 Previous research 

As mining is taking the first steps on digitalization, similar topics could not be located. It 

could be, that the publications and surveys are not open for the public, however, it is unlikely 

that research has been made with exactly the same details, thus it can be stated that the 

research is unique.  

 

There are some publications on mineral processing and metals, however, mining as mineral 

extraction is not a directly comparable process. Publications on mining safety can be found 

online, and although safety-related questions are included in the survey, safety is not within 

the research scope of work.  

 

Since Lean is suitable for all industries (Modig & Åhlström 2013, 95), publications are more 

common and can be found online, however, not from mining. Perhaps in future, someone 

will research similar topic and evaluate the possible regression. 

 

Osmundsen, Iden, Bygstad (2018) explored the drivers, objectives, success factors, and 

implications of digital transformation. They systematically reviewed empirical research 

articles on digital transformation. They divided the drivers into two categories: (1) internal 

and (2) external. They concluded that digital transformation is found often to be triggered 

by changing customer behaviours and expectations, digital changes in the industry, and new 

competition and their offering. In some cases, regulatory changes forced companies to 

transform organizations. They summarized that the objectives relate to digital readiness, 

development, innovation, and revenue increase. Success factors were covered in a generic 

manner and included discussions about the Change Management process. Although their 

generic research and references were not useful for this research scope of work, their 

research included two interesting topics regarding the future of digitalization: (1) change 

management and (2) competition. Digital Change Management process is not like 

Organizational Change Management. It is a more iterative process due to continuously 

changing technology and changes in stakeholder needs (CMS Wire 2019). 
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1.4 Main concepts 

In this section, repetitive main concepts are described in a generic manner, and are based on 

authors’ interpretations. Descriptions will support the reader to have a clearer and transparent 

understanding of the main concepts. 

 

‘Mining’ in a large scale occurs underground, at the surface, or as a combination of both. 

Drilling, blasting, loading, and hauling are common activities in the mining phase. In some 

mines, there is a primary crusher at the mine site. Recovered ore is hauled or conveyed for 

further processing into the mineral processing plant, that is often near the mining operations 

to reduce the transportation costs. In addition to drilling and blasting, mechanical cutting is 

used, however, it is mostly suitable for certain rock conditions and characteristics. In this 

research, the focus is on the Mining activities, excluding blasting and the mineral processing 

phase. 

 

‘Key drivers for investment’ is a subjective topic. Depending on the individual person, the 

drivers might differ significantly. Quantitative comparisons on commercial figures can be 

made to ensure the investment decisions are consistent. Matrix table with weighted values 

on parameters such as price, lead time, support, and technology can be used to support 

decision making. 

 

‘Added value’ is a subjective topic and resembles the previous topic. The wording is 

commonly used in sales and depending on the individual person, the added value might differ 

significantly. Added value analysis can be used when comparing two different solutions in 

a qualitative and quantitative format. Adding value for someone might reduce the value from 

someone else. 

 

‘Lean’ philosophy is based on the Toyota Production System (TPS). The idea behind it is to 

reduce waste. John Krafcik used the term ‘lean production’ for the first time in the article in 

1988. The conclusion was that simple technology, low inventories, and low buffers can result 

in high productivity and quality. This finding conflicted with the idea that economical scale 

and advanced technologies were necessary for high productivity and quality (Modig & 

Åhlström 2013, 90). 

 

‘Value Stream Mapping’ is a quantitative and visual illustration on the respective process. It 

shows the process flow, all main components, stations in the process, displaying parameters 

e.g. wait time, cycle time, lead time, and total cycle time. 

 

‘Waste’ (Muda) is an activity, that does not produce value (Womack & Jones 2003, 15).  

Taiichi Ohno at Toyota has identified seven wastes: (1) Overproduction, (2) waiting, (3) 

transportation, (4) over-processing, (5) inventory, (6) motion or movement, and (7) defects 

(Liker 2004, 28-30). Liker has defined an additional waste: (8) Un-utilized talent. Womack 

& Jones (2003, 15) have defined their additional waste: (8) goods and services that do not 

meet the customer's needs. 

 

‘Change Management’ is a term or discipline used for a process where the target is to 

successfully drive change, by focusing on people. Change management wording is 

commonly used together with Lean, however, it can be used as separate a discipline. There 

are a high variety of approaches as the issues often are more qualitative than quantitative.  
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2. RESEARCH METHODS 

Lean is suitable for all industries (Modig & Åhlström 2013), therefore it is reasonable to 

utilize the learnings from it, to achieve the ambitious research targets. Lean and Change 

Management sections provide guidance and tools for (1) creating the survey, (2) analysing 

the results, and (3) evaluating the recommendations. For this research, in addition to some 

common concepts, the Lean section can be considered as: “what is important?” and “why it 

is important?”. The Change Management section can be considered as: “how the change can 

be achieved?”. The survey section can be considered as: “what needs to be changed?”. The 

overall process is iterative, and each of the sections is connected to each other. Below 

sections are covered in a generic and selective manner, to complement the research narrative. 

However, as the below sections are generic, they enable other researchers to use a similar 

approach in multiple different ways, without limiting the research to specific technology or 

industry. 

2.1 Lean 

The word “Lean” was first John Krafcik introduced in “Triumph of the Lean Production 

System” in 1988, as he felt that “fragile” gave a negative impression (Modig & Åhlström 

2013, 90). Toyota Production System (TPS) was published in 1978 and is often linked to 

Lean. The TPS author, Taiichni Ohno started at Toyota in 1932 and applied common sense 

and commitment to reducing activities that do not add value (waste) (Modig & Åhlström 

2013, 89). However, Toyota production system roots originate from innovations by Sakichi 

Toyoda with automatic looms in 1926. These innovations were passed to Sakichi’s son, 

Kiichiro Toyoda, who established the Toyota Motor Corporation in 1930 (Liker 2004, 17). 

Toyota studied the Ford mass production principles, however, they noticed the occurring 

waste and the necessity for large inventory space. Toyota created their own model, where 

the waste would be minimized, parts would be available Just-in-time (JIT) and the quality 

issues would be immediately solved (Jidoka) (Liker 2004, 7, 20-26). 

 

In 1990, James P. Womack, Daniel T. Jones and Daniel Roos in “The Machines that 

Changed the World” studied Toyota success and summarised four basic principles of Lean: 

• Teamwork 

• Communications 

• Resource utilization and removing waste 

• Continuous development 

 

Womack and Jones continued to study the concept and in 1996 published “Lean Thinking”, 

in which they introduced five new principles for implementation. 

• Define the value from a customer perspective 

• Identify all the flows and remove the ones that do not add value (waste) 

• Organise the added value stages so, that the product flows smoothly towards 

customer 

• Once the flow is ready, let the customer “pull” the value upstream 

• Once these four stages are complete, the process starts from the beginning, until the 

status on perfect value is achieved without waste. 

 

Niklas Modig and Pär Åhlström (2013, 98) have stated that there are as many descriptions 

on Lean as there are authors trying to describe Lean. They explained with practical examples, 

that Lean is a strategy that focuses on flow efficiency, not resource efficiency. Improving 
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flow efficiency might lead to resource efficiency as the resources can be used more 

efficiently (Modig & Åhlström 2013, 124). They consider that Lean is a continuous 

development through elimination, reduction, and control. Lean can be applied to a variety of 

industries, however, the tools and methods applied in one company might not work for other 

companies. They also discussed about a common misconception that Lean would be a 

specific category when Lean links four categories: 

• “Values”, that define what the organisation should be like 

• “Principles”, that define how the organisation should think like 

• “Methods”, that define what the organisation should do 

• “Tools”, that define what the organisation should use 

 

To ensure resource efficiency, resources (people or equipment) must be utilized by 

continuously providing them tasks. However, focusing on keeping the flow ongoing (product 

or material) might lead to flow efficiency (Modig & Åhlström 2013, 39). Focusing on 

resource efficiency might lead to working harder, however, focusing on flow efficiency 

might lead to working more efficiently. 

 

Although Lean has originated from the automotive industry, it can be applied to other 

industries as well (Liker 2004, 34, 269). Liker (2004, 6) does, however, consider that 

knowing the people, their motivations, leadership, teams, strategies, culture, and developing 

a learning organization is more important than the Lean methods. Womack and Jones (2003, 

269) believe that the best results are achieved through years of long-term work. 

 

Hadid and others (2016, 622-623) have divided Lean into two categories based on socio-

technical theory. Based on the socio-technical theory, there are two components within the 

organizations: Social and Technical. Lean social practices include people and the 

relationship between them. Lean technical practices include tools, techniques, and processes. 

According to the theory, to achieve the best performance, developing one component 

requires developing the other component as well. Hadid and Mansouri (2014, 765) made 

similar findings of the connection between the Social and Technical components. According 

to Hadid and others (2016, 633), the technical practices are not directly connected to 

economic performance, however, the social practices are connected to economical and 

functional performance. They state that the best outcome would be achieved by focusing on 

both practices. 

 

Hadid and Mansour (2014, 766) have listed factors that have a negative impact on applying 

Lean successfully: change resistance, hierarchical management, humane mistakes, too many 

development projects at the same time, poor knowledge on practices, and the impression that 
Lean is applicable only for production. 

 

Hadid and Mansouri (2014, 759-760) have listed social practices that support applying Lean 

successfully: Incentives, enabling customers, communications, empowering employees, 

employee commitment and participation, long term business relationships, the atmosphere 

is open to change, skilled employees, team spirit, leadership, relevant terminology, 

management support, tools to measure the performance, displaying the results, fundamentals 

on new procedures and training. 

 

Staats and Upton (2011, 11) emphasize the importance of management. Management must 

be committed to the goals. Middle management needs to motivate and train their teams. 

Change is a long process and requires persistence. Staats and Upton (2011, 4) have found 
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that Lean in knowledge work can lead to faster response time, better quality, creativity, lower 

costs, enhanced job satisfaction, and reduced frustration. 

 

Value Stream Mapping (VSM) can be used to identify the bottlenecks and the tasks that do 

not generate value (waste, Muda) (Hadid & Mansouri 2014, 764). Bottlenecks are the least 

efficient stages that have an impact on the overall process flow. The effect can be minimized 

by reducing the process variation (Modig & Åhlström 2013, 37; Torkkola 2015, 99). 

Torkkola (2015, 96) considers that the most important improvements are between the 

different steps within the system. VSM is only a method to display the tasks and would not 

remove the root causes. VSM is a visual way of displaying the value chain. The figure 

separates different tasks and defines which tasks generate value and which does not. VSM 

can be used for mapping material, data, or people. Womack and Jones (2003, 316) consider 

that VSM can also be used for mapping the flow of feedback from the customer to production 

or organization. The goal is to minimize the effects of waste to process (Liker 2004, 29-30). 

It is recommended, that the first VSM would be implemented in the most valuable tasks that 

are performing poorly (Womack and Jones 2003, 253). The flow efficiency is calculated by 

dividing the “value-added time” with “total time” (Modig and Åhlstöm 2013, 27-28). 

 

Torkkola (2015, 25) has stated that variation is the root cause of waste, and that not all 

variation can be removed, however, organisations can come up with ways to endure it. Liker 

(2004, 115) considers that organizations commonly focus only on removing the waste 

(Muda), as they are easy to identify and to remove. Toyota has established a method called 

“Heijunka”, and the purpose is to level the quantity or quality. When the organization 

achieves “Heijunka”, the variation (Mura) is reduced, and by reducing the variation the 

organization can remove the waste (Muda) and the overburden (Muri) (Liker 2004, 115). 

Overburden is directly linked to wellbeing and therefore a good working environment is a 

significant factor (Torkkola 2015, 25). 

 

Lean Six Sigma is a combination of Lean and Six Sigma methods. While Six Sigma is 

reducing variation using data, Lean Six Sigma enables fast, flexible, and efficient 

improvements in a variety of different organizations. Lean Six Sigma uses the DMAIC 

approach: (D) Define, (M) Measure, (A) Analyse, (I) Improve, and (C) Control, which 

includes 12 steps. It is recommended to start with Lean. When Lean alone would no longer 

provide adequate results, Lean Six Sigma with 12 steps can be applied. (Jaatinen 2020) 

2.2 Change Management 

In Lean Six Sigma methods, “Soft Skills” provide tools for change management and for the 

change resistance. Soft Skills focuses on ways to enable change, identifying individuals’ 

characteristics and strengths, and establishing groups (Jaatinen 2020). In addition, Kotter’s 

eight-step change model is a progressive approach to change. Although the model does not 

cover the important aspects of resistance to change and commitment to change (Appelbaum 

and others 2012, 764-782), it has an important role in standardizing, as it covers all the steps 

from planning to changing the culture. The steps 1-4 in Kotter’s model supports opening the 

organization for change, steps 5-7 will support on implementing new procedures and in the 

last step, the changes are incorporated within the organization’s culture (Kotter 1996, 19). 

Kotter has listed eight mistakes that are made during change processes, that are directly 

connected to the actual steps: (1) Allowing too much complacency, (2) Failing to create a 

substantial coalition, (3) underestimating the need for a clear vision, (4) failing to 

communicate the vision clearly, (5) permitting roadblocks, (6) failing to create short-term 
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wins, (7) declaring victory too soon and (8) not anchoring changes in the corporate culture 

(Kotter 1996, 4-14). Change resistance should not be ignored; it should be identified. Once 

the change resistance is identified, communications and enabling the people can be applied 

in efforts to turn the change resistance to support. Palmer (2003, 39) recommends identifying 

stakeholders with a positive attitude and calls them as change agents. Identifying the sources 

of change resistance and using the change agents’ positive communications will assist in 

making the change. Kotter’s eight-step change model is not the only solution. One of the 

alternatives would be Kurt Lewin’s Unfreeze, Change, and Refreeze model, although it has 

been criticized for over-simplifying the change process (Cummings and others 2015, 50). 

 

Kotter’s eight-step change model: 

Step 1 - Establish a sense of urgency: 

Complacency would be harmful to the change. A sense of urgency and necessity are critical 

to ensure people consider the change being important. If they do not consider the change 

being important, they would not be cooperative (Kotter 1996, 31-32). Kotter (1996, 39-40) 

emphasizes the importance of raising the issues as one of the ways on creating a sense of 

urgency. Kotter (1996, 43) recommends collecting critical feedback from customers and 

from other knowledgeable persons. 

 

Step 2 – Create the guiding coalition: 

A strong team is required for the successful change. The coalition should include a wide 

range of skills like leadership, communications, authority, analysis, and skill to reflect the 

sense of urgency (Kotter 2008, 125). To be able to have a fast change process and implement 

new approaches, members of the coalition should trust each other and have the same goal 

(Kotter 1996, 45-49). Coalition size would scale according to organization size, up to 20-50 

for larger corporations (Kotter 1996, 52), however, it is important that the members have the 

power to make changes (Kotter 1996, 51). 

 

Step 3 - Develop a vision and strategy: 

The vision would need to be imaginable, feasible, desirable, achievable, scoped, flexible, 

and easily communicated. The existing status would need to be identified and compared 

against the future vision. This will support on identifying the ways to achieve the vision 

(Kotter 2008, 125). The vision describes what changes are needed and why. Although it 

raises the challenges, it encourages to act (Kotter 1996, 61). 

 

Step 4 – Communicate the vision: 

Accepting the vision and strategy is important (Kotter 2008, 126). Communication should 

be simple, and the message should be repeated to ensure it is received. Collecting feedback 

can support ensuring, that the communications are effective (Kotter 1996, 76-79). In addition 

to open and direct communications related to the issues, management and key figure 

commitment are important to achieve credible communications (Kotter 1996, 81-84). 

 

Step 5 - Empowering broad-based change: 

When a person does not have the feeling of being able to influence, they would not 

participate in the change and therefore, it is important to give them the power to make the 

change (Kotter 1996, 87-93). In addition to organizing training (Kotter 1996, 91-93), 

removing as many barriers as possible will support achieving the vision (Kotter, 126). 
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Step 6 - Generate short-term wins: 

As the long-term wins might take time, it is beneficial to generate short-term wins by careful 

planning, without compromising the change (Kotter 1996, 102−108). The people who have 

doubts about the change, need to see fast results (Kotter 2008, 126). Identifying the added 

value will help to choose short-term targets. 

 

Step 7 - Consolidate gains and produce more change: 

Complacency after short-term wins can lead to a reduced sense of necessity for change, and 

increase the change resistance (Kotter 1996, 116-117). It is necessary to continue with the 

changes until the vision is achieved (Kotter 2008, 126).  

 

Step 8 - Anchoring new approaches in the culture: 

The change in culture will occur last. New procedures will integrate into the culture once it 

is clear, that they are better than the old procedures (Kotter 1996, 136-137). Change in 

culture cannot be forced, it would not be easy, and it requires communications. In addition, 

organizational changes might be required (Kotter 1996, 136−137). 

2.3 Survey 

The anonymous survey (APPENDIX 1) contained 23 questions and was translated into 

English, Finnish, Spanish, Portuguese, Russian, Chinese, and Urdu. To be able to have a 

wide range of topics, the questions were categorized into six categories. There were two 

main criteria for the survey: (1) having only one question within the respective question and 

one response within a response option, and (2) avoiding questions and responses that would 

be leading. The opening question was the most important question for association tests as it 

asked, in which department the participant was working in. The first category focused on 

customer and supplier relationships and Return on Investment (ROI). The second category 

focused on challenges related to integration, data security, and Change Management. The 

third category focused on participants’ preference between manual versus autonomous 

operation, and flexibility versus user-friendliness. The fourth category focused on 

operational expenditures, equipment failure, equipment damage, operator costs, support, and 

service. The fifth category focused on the added value from productivity, efficiency, 

consistency, fleet size reduction and safety, health, and environment (SHE). The sixth 

category focused on the future of digitalization. 
 

The survey was prepared with the Microsoft Form platform. The link to the survey was sent 

to persons responsible for the customer accounts by email. Pilot tests were made by the 

sponsors to measure the time consumed and to ensure that the survey was working properly. 

The time estimation was included in the introductory section to assist the participants to book 

a suitable slot for responding to the survey. The introduction explained the survey purpose 

and who created the survey. Sponsors provided guidance on the survey structure and 

wording. The survey was open from the 15th of April 2020 to the 15th of May 2020. 

Responding to the survey was not mandatory. Weekly reminders were sent to ensure the 

maximum amount of responses would be received. The learnings and experiences from this 
approach were expanded to another project within the company, in Lean literature similar 

approach would be called as Kaizen Workshop (Liker 2004, 278-284). 
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3. RESEARCH TOOLS 

3.1 The plan for analysing the results 

The original question order was reorganised to complement the report narrative. The tools 

selected for analysing the results were Microsoft Excel, Pivot tables, Radar charts, Pie charts 

and Minitab software with a variety of different functionalities, Minitab is commonly used 

in Lean Six Sigma, which is the analytical and systematic way of improving processes or 

products. 

3.1.1 Data analysis flow chart 

The flow chart illustrated in Figure 3.1 was created for guidance and illustration. There were 

three main categories being analysed. The first one was the summary of all responses. The 

second category was the language association. The third category was the stakeholder 

association. 

 

 

Figure 3.1  Data analysis flow chart. 

 

3.1.2 Sorting the data for each topic 

Total of 54 responses were received from a variety of different departments. In addition to 

summarizing all the responses for each survey question and topic, the research sub-

categories (Associations) are being analysed. For the “Stakeholder Association”, the “Top 

Management” and “Project Management” are combined and called as “Management” group. 

“Engineering/Automation/Technology” group is simplified and called a “Engineering” 

group. Other stakeholder groups were excluded, as the response quantity was less than five 



19 

 

for each group. For the “Language Association”, although can be seen in some sections, the 

Spanish responses were excluded, as there were only six responses in Spanish. 

 

Responding to the survey was possible remotely, however, COVID-19 had a negative impact 

on getting input from the actual operators (users). The lack of responses from the operators 

needs to be taken into consideration while reading this report, as they can be considered as 

one of the most important groups. 

3.1.3 Selecting the tools for analysing the results 

As shown below in Figure 3.2, the Microsoft Forms provides a good overview of the survey 

results for each question and can be used for the research main question. It also allows the 

user to get more details by clicking the link, however, it is not possible to evaluate the 

possible associations between two questions. The raw data can be extracted to Microsoft 

Excel for the research sub-categories. 

 

 

Figure 3.2  Example from the Microsoft Forms report. 

 

Once the raw data is downloaded into Microsoft Excel, the data can be sorted. The responses 

are shown as per the primary language set in the Forms. Instead of using the traditional Pie 

or Bar Chart – as seen below in Figure 3.3, a Radar type illustration was made from all the 

responses with Microsoft Excel. Radar Chart is a graphical way of displaying data in the 

form of a two-dimensional chart. In addition to displaying the weight on responses, the chart 

can be used for future surveys as a template and display the new responses in the same chart. 

This is useful when evaluating the possible changes in customers’ expectations. The only 

limiting factor for this chart is, that there needs to be over two response options, as otherwise, 

the illustration would be a simple line between the two options. 
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Figure 3.3  Example from the Microsoft Excel Radar -chart. 

 

Using Minitab software, the tests for possible associations between the questions can be 

made. As the responses and Language or Stakeholder groups are both discrete, the most 

suitable test is the Chi-Square Test for Association. There needs to be enough data in every 

category, as otherwise, the test may not be accurate. Minitab notifies if there is not enough 

data and informs the amount of data needed to ensure the validity of the test. Combining 

categories will help if the sample sizes are not large enough, however, this should only be 

made when necessary, and when the combined categories are meaningful. (Minitab software 

2020) As the language choices were made with local letters, the Chinese characters needed 

to be changed to Latin letters so that the Minitab software was able to identify them. 

 

The purpose of this research was not to go into details on statistics, however, there are some 

important generic points that need to be covered. The “Hypothesis Test” is based on simple 

statistic principals, which includes the first parameters, the “Null Hypothesis” (H0 = no 

difference) and the “Hypothesis” (H1 = there is a difference). The second parameter is the 

Alpha value, which is the threshold between the H0 and H1 and is determined by the person 

conducting the tests. The third parameter is the “P-value” (probability), which Minitab 

automatically calculates according to the input data. The smaller the Alpha is, the more 

demanding the test is, as the P-value needs to be lower for the difference to be statistically 

significant. As an example, if a coin is flipped once, there is a 50% probability for “tails” to 

appear and the P-value is then 0.5. By creating a hypothesis H1: “Is the coin manipulated?”, 

we can test if the coin is modified. If “tails” keep appearing with all five flips, the P-value 

would be 0.03 and the difference would then be statistically significant. If the Alpha would 

be 0.01 instead of the commonly used 0.05, it would need seven consecutive “tails” (P = 

0.008) for the difference to be statistically significant. In practice, when the threshold is 0.05, 

it would mean that if the coin would be continuously flipped five times - on average, out of 

20 series of five flips, only one series would be five consecutive “tails”. With the Alpha 

value of 0.01 – on average, out of 100 series of seven flips, only one series would be seven 

consecutive “tails”. Safety-related tests would be more suitable with the Alpha value of 0.01, 

and the most common Alpha value of 0.05 is used throughout the research. 

 

Below Figure 3.4 is an example, displaying the basic summary of the respective hypothesis 

tests. As seen in the below Figure 3.4, the graphical display indicates how the P-value is 

positioned between “Yes” and “No” areas. The “Yes” range, in this case, is from 0 to alpha 

value 0.05 and the “No” range is >0.05. The question is: Do the percentage profiles differ? 
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From the below example Figure 3.4, we can state that the differences are not statistically 

significant. 

 

 

Figure 3.4  Example from the Minitab hypothesis test report. 

 

The below Figure 3.5 is an example, displaying the “Diagnostic Report” on the respective 

summary report. Although this does not provide responses to the questions, the figures 

provide data transparency for the reader on the data being used for the test. “Exp” (Expected) 

are the values that are statistically expected and the “Obs” (Observed) are the actual samples. 

Unfortunately, there is a limitation on the quantity of letters for x-values, therefore, shorter 

versions have been used. 

 

 

Figure 3.5  Example from the Minitab hypothesis test report. 

3.2 Using Minitab to pre-check the data 

Interruptions are the most common reason for disturbing the “flow” amongst the white-collar 

employees (Torkkola 2015, 61). Probably the most common interruption occurs when a 

colleague asks for support on some challenges they might have. This is called secondary 

need, which causes additional workload and is considered as waste. The primary need would 

occur when a person would need something for themselves, like a prescription (Modig & 

Åhlström 2013, 63-64). Standardizing the documentation is a good way to reduce the waste 

on secondary needs. 

 

To ensure that the responses are realistic and well thought, tests were made using the data 

collected on the “time consumed for the survey”. The response time range was very wide, 
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as the fastest response was made within 118 seconds, and the longest response time was one 

day. In the longest cases, it is likely, that there have been interruptions while responding to 

the survey. The survey was anonymous and thus anyone could respond without limitations, 

making it impossible to validate possible interruptions from the survey participants. Before 

testing and evaluating the time consumed, two samples were excluded as they clearly 

deviated from the other samples. However, these two exclusions only relate to the time 

consumed, and the actual responses are included in the tests covered later in this report. 

3.2.1 Normality test 

 

The first test for “time consumed” is the “Normality Test”, which evaluates if the data is 

normally distributed and assists in selecting the next tests. The test is part of the “Capability 

Test” in Minitab and thus the below figures are named as “Capability Analysis”. Minitab 

also has Ryan-Joiner or Kolmogorov-Smirnov tests. 

 

From the below Figure 3.6, we can conclude that the data from all the samples are not 

normally distributed. In practice, the dots should be close to the red line for the data to be 

normal. The data is normal when the P-value (probability) is above 0.05. 

 

 

Figure 3.6  Minitab normality test report for response time (all). 

 

As the data fails the normality test when analysing all the responses, the languages were 

separated, although Spanish responses are not analysed due to a low response rate. Below 

Figure 3.7 illustrates the “Normality Test” for Chinese responses. The data still fails the 

normality test, however, not as dramatically as the first test. 

 

 



23 

 

 

Figure 3.7  Minitab normality test report for Chinese response time. 

 

 

There might have been interruptions while responding to the survey. Therefore, as a 

comparison, it is reasonable to exclude some of the data from the test. Two clearly deviating 

data points were removed, resulting in the passed “Normality Test” as shown in Figure 3.8. 

 

 

Figure 3.8  Minitab normality test report for Chinese response time (sorted). 

 

As the below Figure 3.9 shows, the English samples failed the “Normality Test”. 

 

 

Figure 3.9  Minitab normality test report for English response time. 
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Like with the Chinese samples, the English responses had two clearly deviating samples on 

“time consumed responding to the survey”. Therefore, as comparison, two clearly deviating 

data points were removed, resulting in passed “Normality Test” as illustrated in the Figure 

3.10. 

 

 

Figure 3.10  Minitab normality test report for English response time (sorted). 

 

We can conclude, with reasonable and minor exclusions, that the data is normally distributed 

for each language group. However, visual inspection on the first test indicates that there 

might be differences between the groups. The below Figure 3.11 with two dashed lines 

displays the possible differences, that need to be validated. Therefore, the tests comparing 

the differences between the groups will be without the previously mentioned minor 

exclusions to maximise the samples. 

 

 

Figure 3.11  Minitab normality test report for response time (all, sorted). 

3.2.2 One-way ANOVA test 

For the second test, although the data is normally distributed for each language group, the 

“One-way ANOVA Test” helps identifying possible differences between the group means. 

Minitab instructs that the samples should be large enough to detect, with reasonable 

certainty, any important differences among the means. Minitab determines how large of a 

difference among the means you can detect with your samples. Minitab determines the 

chance that you will actually detect that difference. The F test used in ANOVA is based on 

the assumption that the variability is the same for the populations of all the samples. 

However, Minitab uses an alternative test (Welch's test) that does not require that the samples 
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have equal variances. Research shows that the test performs well with unequal variances, 

even when the sample sizes are not equal. (Minitab software 2020) 

 

The One-way ANOVA test requires two main parameters: (1) “Sample data” to calculate the 

P-value and (2) “Alpha value” for the confidence level. There are three pre-set values for the 

alpha to choose from: (1) 0.01, (2) 0.05, and (3) 0.1. However, 0.05 is the most common 

choice, resulting in a reasonable confidence level. The below Figure 3.12 displays the user 

interface for the test inputs. 

 

 

Figure 3.12  Minitab One-Way ANOVA test user interface for response time (all). 

 

Before analysing the report summary, it is best to check the test report for possible 

inaccuracies. The below Figure 3.13 is the “Report Card” from the summary report, 

providing guidance to achieve the best outcome. In this case, the report notifies unusual data 

in Chinese samples - this is in line with the normality test made earlier. In addition, the 

sample size is sufficient to detect differences among the means and the normality warning 

relates to the low response rate in Spanish. 

 

 

Figure 3.13  Minitab One-Way ANOVA test report card for response time (all). 
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When analysing the actual report summary, it is important to understand that Minitab 

automatically calculates the P-value according to the input data. As seen in the below Figure 

3.14, the graphical display indicates how the P-value is positioned between “Yes” and “No” 

areas. The “Yes” range, in this case, is 0 to 0.05 (alpha value) and the “No” range is >0.05. 

As seen from Figure 3.14, the test hypothesis is: Do the means differ? From the below Figure 

3.14, we can state that the differences between the English and Chinese on “time consumed 

responding to the survey” are statistically significant. 

 

 

Figure 3.14  Minitab One-Way ANOVA test report for response time (all). 

 

Continuing to analyse the test summary report, from the below Figure 3.15, we can state that 

the participants who chose the Chinese language, have spent significantly less time on 

responding to the survey than the participants who chose English. Spanish language 

responses have been left into Figure 3.15, to display the importance of the quantity of data 

points and the justification can be found from the next section. 

 

 

Figure 3.15  Minitab One-Way ANOVA test report for response time (all). 

 

When comparing the below Figure 3.16, we can state, that although the “Distribution of 

Data” on response times in Spanish is narrower than in English - in the above Figure 3.15 

“Means Comparison Chart” the Spanish line is wider than in English. It is important to 

understand that the “Means Comparison Chart” is not a sample distribution graph, but a 

mean graph. Increasing the sample size will reduce the line length and thus increase the test 

accuracy. The red square in the “Data in Worksheet Order” in the Chinese section relates to 

the unusual data point mentioned earlier in the “Report Card” section. 
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Figure 3.16  Minitab One-Way ANOVA test report for response time (all). 

3.2.3 Standard deviation test 

The third test is the “Standard Deviation Test”, which is like the One-way ANOVA, 

however, it is used for comparing standard deviations for at least two groups. This test 

supports validating the One-way ANOVA results.  

 

Like with the One-way ANOVA, it is best to check the test report for possible inaccuracies. 

The below Figure 3.17 is the “Report Card” from the summary report, providing guidance 

to achieve the best outcome. In this case, the report notifies unusual data in Chinese samples 

- this is in line with the normality test made earlier. In addition, the validity warning relates 

to the low response rate in Spanish. 

 

 

Figure 3.17  Minitab Standard Deviation test report for response time (all). 
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Like with previous tests, the graphical display indicates how the P-value is positioned 

between “Yes” and “No” areas, however, in this test the focus is on the deviations. From the 

below Figure 3.18, we can state that the outcome is the same as with the ANOVA test – the 

Chinese have spent significantly less time responding to the survey. Like with the ANOVA 

test, increasing the sample size, will reduce the line length in “Comparison Chart” and thus 

increase the test accuracy. 

 

 

Figure 3.18  Minitab Standard Deviation test report for response time (all). 

 

The below Figure 3.19 from “Diagnostic Report” is the same as with the ANOVA test and 

the red square is the unusual data point mentioned in the “Report Card”. 

 

 

Figure 3.19  Minitab Standard Deviation test report for response time (all). 
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3.2.4 Kruskal-Wallis test 

The fourth test is the Kruskal-Wallis test, which supports validating the previous tests. Like 

with the One-way ANOVA, the Kruskal-Wallis test compares the medians. Although the 

Minitab recommends One-way ANOVA, as it will perform very well with skewed and non-

normal distributions, and it has more power, the Kruskal-Wallis works well when the data is 

not normally distributed. (Minitab software 2020) However, the previously mentioned clear 

deviations on time spent on responding to the survey have been excluded. 

 

Figure 3.20 below validates the previous tests, as the P-value is 0.001 when it should be 

>0.05 for the null hypothesis to be true. The Z-value indicates how many standard deviations 

the group is away from the overall mean. If a Z-value is zero, it is on the overall mean. If the 

Z-value is negative, the value is smaller than the mean average. For example, if a z-score is 

equal to -3.71, it is -3.71 standard deviations below the mean. Therefore, it is important to 

understand that the Z-value is not an exact value but holds a formula behind it. However, it 

displays nicely how the groups differentiate. 

 

 

Figure 3.20  Minitab Kruskal-Wallis test report for response time (all). 

3.2.5 Pre-check summary 

The reason behind the faster responses from Chinese remains unknown. The questions were 

relatively short and simple to read. It can be that some of the survey participants responding 

in English, had another primary language resulting in longer response times. After a short 

research, no reputable publications were found on the possibility that Chinese can read faster 

due to letter differences. It is possible, that the Chinese responses are rushed and thus not 

representative. Therefore, it is important to keep this difference in mind while reading this 

document and especially the “Language Association” section. 
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4. KEY DRIVERS FOR DIGITAL INVESTMENTS IN MINING 

As mentioned in section 3.1.3, the “Top Management” and “Project Management” groups 

were combined and named as “Management” group, as they often have some commercial 

responsibility. Therefore, the “Stakeholder Association” tests will be made between the new 

“Management” group and the “Engineering” group. Spanish responses are excluded from 

the “Language Association” tests due to the low response rate. Only Chinese, English, and 

Spanish languages were selected by the participants. 

 

Figure 4.1 illustrates, in which department the survey participants work in. The majority 

(85%) of the 54 responses came from “Management” group and “Engineering” group. 

 

Figure 4.1  Pie chart on response quantity per stakeholder group. 

 

Figure 4.2 illustrates how the stakeholder groups are divided, based on Chinese language 

selection. 

 

Figure 4.2  Pie chart on response quantity per stakeholder group (Chinese). 
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Figure 4.3 illustrates how the stakeholder groups are divided, based on Spanish language 

selection. 

 

 

Figure 4.3  Pie chart on response quantity per stakeholder group (Spanish). 

 

Figure 4.4 illustrates how the stakeholder groups are divided, based on English language 

selection. 

 

 

Figure 4.4 Pie chart on response quantity per stakeholder group (English). 

4.1 Commercial aspects 

Commercial aspects section includes the responses and analysis on the Return on Investment 

(ROI), customers’ existing skill levels on Lean, supplier references, integration, data security 

and Change Management. 
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4.1.1 Customer 

Lean would be a good starting point on developing processes and ways of working, however, 

at some point, Lean would no longer provide adequate results. It would then be beneficial to 

move into data-based and visual approaches like Lean Six Sigma and Value Stream Mapping 

(VSM). 

 

Survey question 22: Lean management (Six Sigma / Value Stream Mapping / 5S etc.). 

 

Pivot Table 4.1 was made from all the responses using Microsoft Excel software. 

 

Table 4.1 Pivot table on responses to question 22. 

 
 

Figure 4.5 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 

 

 

Figure 4.5 Radar -chart on responses to question 22. 

 

For the association tests, the response options one and five were excluded, due to the low 

quantity of responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.6 and 4.7, there is an association between the 

outcomes and the X, as the differences are statistically significant. In practice, this means 

that Chinese language participants seem to be more willing to ask for support from the 

supplier than the English participants. 
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Figure 4.6 Chi-Square test report for language association on responses to question 22. 

 

 

Figure 4.7 Chi-Square test report for language association on responses to question 22. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.8 and 4.9, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.8 Chi-Square test report for stakeholder association on responses to question 22. 
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Figure 4.9 Chi-Square test report for stakeholder association on responses to question 22. 

4.1.2 Supplier 

It is important to ensure that the possible challenges during the supply, commissioning, and 

aftermarket would be considered as learning possibilities. Collecting the added value for the 

customer is important for marketing purposes. There are a variety of methods for choosing 

a solution supplier, such as references, reputation, quantitative selection matrix, existing 

relationship, local support, and many others. 

 

Survey question 20: Importance of supplier brand and references. 

 

Pivot Table 4.2 was made from all the responses using Microsoft Excel software. 

 

Table 4.2 Pivot table on responses to question 20. 

 
 

Figure 4.10 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 
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Figure 4.10 Radar -chart on responses to question 20. 

 

For the association tests, the response option four was excluded, due to the low quantity of 

responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.11 and 4.12, there is not enough evidence to conclude 

that the differences are statistically significant. 

 

 

Figure 4.11 Chi-Square test report for language association on responses to question 20. 

 

Figure 4.12 Chi-Square test report for language association on responses to question 20. 
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Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.13 and 4.14, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.13 Chi-Square test report for stakeholder association on responses to question 22. 

 

 

Figure 4.14 Chi-Square test report for stakeholder association on responses to question 22. 

 

4.1.3 Commercial justification 

Commercial justification is critical when investments are evaluated. Return on Investment 

(ROI) calculation provides a response on how efficient the investment would be. For the 

research, the most quantitative way of evaluating the expectations is the payback period. 

 

Survey question 15: Importance of Return on Investment (ROI). 

 

Pivot Table 4.3 was made from all the responses using Microsoft Excel software. 

 

Table 4.3 Pivot table on responses to question 15. 
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Figure 4.15 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 

 

 

Figure 4.15 Radar -chart on responses to question 15. 

 

For the association tests, the response options three, four, and five were excluded, due to the 

low quantity of responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.16 and 4.17, there is not enough evidence to conclude 

that the differences are statistically significant. 

 

 

Figure 4.16 Chi-Square test report for language association on responses to question 15. 
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Figure 4.17 Chi-Square test report for language association on responses to question 15. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.18 and 4.19, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.18 Chi-Square test report for stakeholder association on responses to question 15. 

 

 

Figure 4.19 Chi-Square test report for stakeholder association on responses to question 15. 
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4.1.4 Integration 

Instead of having a stand-alone solution, it would be more beneficial if the solution could be 

integrated into the customers’ infrastructure. This allows the data to flow to the right people, 

in the right format, at the right time, and with the highest possible quality (May 2005, 34). 

 

Survey question 19: Importance of integration to the existing system.   

 

Pivot Table 4.4 was made from all the responses using Microsoft Excel software. 

 

 

Table 4.4 Pivot table on responses to question 19. 

 
 

Figure 4.20 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 

 

 

Figure 4.20 Radar -chart on responses to question 19. 

 

For the association tests, the response options one and two were combined as they are 

considered as negative responses. Response options four and five were excluded, due to the 

low quantity of responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.21 and 4.22, there is not enough evidence to conclude 

that the differences are statistically significant. 
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Figure 4.21 Chi-Square test report for language association on responses to question 19. 

 

 

Figure 4.22 Chi-Square test report for language association on responses to question 19. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.23 and 4.24, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.23 Chi-Square test report for stakeholder association on responses to question 19. 
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Figure 4.24 Chi-Square test report for stakeholder association on responses to question 19. 

4.1.5 Data security 

Data security is one of the key safety criteria. It has the power to bring down businesses 

temporarily or even permanently. In a short period of time, it can lead to fatalities. 

 

Survey question 18: Importance of data security / firewall / antivirus. 

 

Pivot Table 4.5 was made from all the responses using Microsoft Excel software. 

 

Table 4.5 Pivot table on responses to question 18. 

 
 

Figure 4.25 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 

 

 

Figure 4.25 Radar -chart on responses to question 18. 
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For the association tests, the response options one and two were combined as they are 

considered as negative responses. Response option four was excluded, due to the low 

quantity of responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.26 and 4.27, there is not enough evidence to conclude 

that the differences are statistically significant. 

 

 

Figure 4.26 Chi-Square test report for language association on responses to question 18. 

 

 

Figure 4.27 Chi-Square test report for language association on responses to question 18. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.28 and 4.29, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.28 Chi-Square test report for stakeholder association on responses to question 18. 
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Figure 4.29 Chi-Square test report for stakeholder association on responses to question 18. 

4.1.6 Change Management 

Digital Change Management process is not like Organizational Change Management. It is a 

more iterative process due to continuously changing technology and changes in stakeholder 

needs (CMS Wire 2019). 

 

Survey question 21: Importance of the change management process 

 

Pivot Table 4.6 was made from all the responses using Microsoft Excel software. 

 

Table 4.6 Pivot table on responses to question 21. 

 
 

Figure 4.30 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 
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Figure 4.30 Radar -chart on responses to question 21. 

 

For the association tests, the response options one and five were excluded, due to the low 

quantity of responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.31 and 4.32, there is not enough evidence to conclude 

that the differences are statistically significant. 

 

 

Figure 4.31 Chi-Square test report for language association on responses to question 21. 

 

 

Figure 4.32 Chi-Square test report for language association on responses to question 21. 
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Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.33 and 4.34, there is not enough 

evidence to conclude that the differences are statistically significant. Minitab recommended 

increasing the sample size for Engineering to 22. Therefore, making any assumptions on the 

results would not be recommended. 

 

 

Figure 4.33 Chi-Square test report for stakeholder association on responses to question 21. 

 

 

Figure 4.34 Chi-Square test report for stakeholder association on responses to question 21. 

4.2 Functionality comparison 

Functionality comparison includes the responses and analysis of Manual vs. Autonomous 

operation and user-friendliness vs. flexibility. 

4.2.1 Manual vs. Autonomous operation 

Analysing the responses on Manual vs. Autonomous operation will give a better 

understanding of the expectations and supports identifying the possible resistance to change. 

 

Survey question 11: Importance of manual operation compared to autonomous operation 
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Pivot Table 4.7 was made from all the responses using Microsoft Excel software. 

 

Table 4.7 Pivot table on responses to question 11. 

 
 

Figure 4.35 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 

 

 

Figure 4.35 Radar -chart on responses to question 11. 

 

For the association tests, the response option one was excluded, due to the low quantity of 

responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.36 and 4.37, there is not enough evidence to conclude 

that the differences are statistically significant. 

 

 

Figure 4.36 Chi-Square test report for language association on responses to question 11. 
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Figure 4.37 Chi-Square test report for language association on responses to question 11. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.38 and 4.39, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.38 Chi-Square test report for stakeholder association on responses to question 11. 

 

 

Figure 4.39 Chi-Square test report for stakeholder association on responses to question 11. 
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4.2.2 User friendly vs. flexibility 

Analysing the responses on user-friendliness vs. flexibility will give a better understanding 

of the expectations and supports identifying the possible recommendations for future 

technology development. 

 

Survey question 12: Importance of easy operation compared to the flexibility 

 

Pivot Table 4.8 was made from all the responses using Microsoft Excel software. One survey 

participant did not respond to this question. 

 

Table 4.8 Pivot table on responses to question 12. 

 
 

Figure 4.40 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 

 

 

Figure 4.40 Radar -chart on responses to question 12. 

 

For the association tests, the response options three and four were combined as they are 

considered as similar responses. Response option five were excluded, due to the low quantity 

of responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.41 and 4.42, there is an association between the 

outcomes and the X, as the differences are statistically significant. In practice, this means 

that the Chinese seem to prefer easy operation more than English, and English seems to 

prefer flexibility more. 
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Figure 4.41 Chi-Square test report for language association on responses to question 12. 

 

 

Figure 4.42 Chi-Square test report for language association on responses to question 12. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.43 and 4.44, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.43 Chi-Square test report for stakeholder association on responses to question 12. 
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Figure 4.44 Chi-Square test report for stakeholder association on responses to question 12. 

4.3 Operational aspects 

The operational aspect section includes the responses and analysis on Operational Costs 

(OPEX), predictive maintenance, unplanned maintenance, human factor, operator costs, and 

support and service. It provides a better understanding of the expectations of added value for 

a mining operation. 

4.3.1 Operational costs 

Although investments can directly relate to improving safety, it would be beneficial if the 

investment would reduce the operational costs, especially if the initial investment is 

significant. 

 

Survey question 5: Reduction in operating costs/expenditures (OPEX). 

 

Pivot Table 4.9 was made from all the responses using Microsoft Excel software. 

 

Table 4.9 Pivot table on responses to question 5. 

 
 

Figure 4.45 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 
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Figure 4.45 Radar -chart on responses to question 5. 

 

For the association tests, the response options four and five were excluded, due to the low 

quantity of responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.46 and 4.47, there is not enough evidence to conclude 

that the differences are statistically significant. 

 

 

Figure 4.46 Chi-Square test report for language association on responses to question 5. 

 

 

Figure 4.47 Chi-Square test report for language association on responses to question 5. 
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Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.48 and 4.49, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.48 Chi-Square test report for stakeholder association on responses to question 5. 

 

 

Figure 4.49 Chi-Square test report for stakeholder association on responses to question 5. 

4.3.2 Predictive maintenance 

When Lean is applied in knowledge work, unlike the conventional material flow, the 

importance is that the knowledge flows to the right people, in the right format, at the right 

time and with the highest possible quality (May 2005, 34). 

 

Survey question 17: Importance of predictive maintenance 

 

Pivot Table 4.10 was made from all the responses using Microsoft Excel software. 

 

Table 4.10 Pivot table on responses to question 17. 
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Figure 4.50 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 

 

 

Figure 4.50 Radar -chart on responses to question 17. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.51 and 4.52, there is an association between the 

outcomes and the X, as the differences are statistically significant. In practice, this means 

that English participants seem to be facing unplanned maintenance more than Chinese 

participants. At the same time, Chinese participants consider that their maintenance is more 

flexible than English participants. 

 

 

Figure 4.51 Chi-Square test report for language association on responses to question 17. 

 

 

Figure 4.52 Chi-Square test report for language association on responses to question 17. 
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Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.53 and 4.54, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.53 Chi-Square test report for stakeholder association on responses to question 17. 

 

 

Figure 4.54 Chi-Square test report for stakeholder association on responses to question 17. 

4.3.3 Unplanned maintenance 

It could be that some of the components are not properly maintained or lubricated, and this 

can lead to as increase in wear rate and unplanned maintenance. Condition monitoring is a 

common way of ensuring that the maintenance is aware of the equipment wear status. 

 

Survey question 10: Reduced equipment unplanned maintenance due to wear (e.g. flat tyre). 

 

Pivot Table 4.11 was made from all the responses using Microsoft Excel software. 

 

Table 4.11 Pivot table on responses to question 10. 

 
 

Figure 4.55 illustrates the pie chart made from all the responses using Microsoft Excel 

software. 
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Figure 4.55 Pie -chart on responses to question 10. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.56 and 4.57, there is not enough evidence to conclude 

that the differences are statistically significant. 

 

 

Figure 4.56 Chi-Square test report for language association on responses to question 10. 

 

 

Figure 4.57 Chi-Square test report for language association on responses to question 10. 
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Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.58 and 4.59, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.58 Chi-Square test report for stakeholder association on responses to question 10. 

 

 

Figure 4.59 Chi-Square test report for stakeholder association on responses to question 10. 

4.3.4 Human factor 

Human factors can have a significant impact on safety, productivity, availability, and 

operating costs. Clear misuse of equipment can lead to secondary effects such as revising 

production plans. 

 

As part of the continuous development (Kaizen), self-reflecting (Hansei) is a vital part of 

Toyota’s principles. Hansei is a process, where the individual is practicing self-criticism and 

evaluating how to avoid making a mistake in the future (Liker 2004, 257). Problem-solving 

process can be standardized within the organization. The main principle in the problem-

solving process is, that the problem should be fixed by the person who caused it, where it 

occurred and as soon as it appears (Staats & Upton 2011, 10) 

  

Survey question 9: Reduced equipment damage (e.g. collision). 

 

Pivot Table 4.12 was made from all the responses using Microsoft Excel software. 
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Table 4.12 Pivot table on responses to question 9. 

 
 

Figure 4.60 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 

 

 

Figure 4.60 Radar -chart on responses to question 9. 

 

For the association tests, the response option one was excluded, due to the low quantity of 

responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.61 and 4.62, there is not enough evidence to conclude 

that the differences are statistically significant. 

 

 

Figure 4.61 Chi-Square test report for language association on responses to question 9. 
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Figure 4.62 Chi-Square test report for language association on responses to question 9. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.63 and 4.64, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.63 Chi-Square test report for stakeholder association on responses to question 9. 

 

 

Figure 4.64 Chi-Square test report for stakeholder association on responses to question 9. 
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4.3.5 Operator costs 

Mining operations are more remote and deeper than ever (WEF, 2019), this can have an 

impact on resource availability and costs. 

 

Survey question 13: Importance of operator cost reduction 

 

Pivot Table 4.13 was made from all the responses using Microsoft Excel software. 

 

Table 4.13 Pivot table on responses to question 13. 

 
 

Figure 4.65 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 

 

 

Figure 4.65 Radar -chart on responses to question 13. 

 

For the association tests, the response options four and five were excluded, due to the low 

quantity of responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.66 and 4.67, there is an association between the 

outcomes and the X, as the differences are statistically significant. In practice, this means 

that English participants seem to be more willing to allocate other work for the operators in 

case their role is no longer needed. None of the six English Top Management participants 

and none of the 24 Chinese participants were willing to allocate other work for the operators 

– however, it is important to understand that the participants could only choose one option. 
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Figure 4.66 Chi-Square test report for language association on responses to question 13. 

 

 

Figure 4.67 Chi-Square test report for language association on responses to question 13. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.68 and 4.69, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.68 Chi-Square test report for stakeholder association on responses to question 13. 
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Figure 4.69 Chi-Square test report for stakeholder association on responses to question 13. 

4.3.6 Support and service 

When the solutions are commissioned and handed over to the customer, the solution still 

needs to be maintained and technical support needs to be available. There are two main 

categories of providing support: local support and remote support. 

 

Survey question 16: Importance of support and services. 

 

Pivot Table 4.14 was made from all the responses using Microsoft Excel software. 

 

Table 4.14 Pivot table on responses to question 16. 

 
 

Figure 4.70 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 
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Figure 4.70 Radar -chart on responses to question 16. 

 

For the association tests, the response option four was excluded, due to the low quantity of 

responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.71 and 4.72, there is not enough evidence to conclude 

that the differences are statistically significant. 

 

 

Figure 4.71 Chi-Square test report for language association on responses to question 16. 

 

 

Figure 4.72 Chi-Square test report for language association on responses to question 16. 
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Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.73 and 4.74, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.73 Chi-Square test report for stakeholder association on responses to question 16. 

 

 

Figure 4.74 Chi-Square test report for stakeholder association on responses to question 16. 

4.4 Added value 

The added value section includes the responses and analysis of Productivity, Efficiency, 

Consistency, Fleet size, Safety and Health in Underground and at the Surface, Environment, 

and the future of Mining. 

4.4.1 Productivity 

Productivity is one of the most important Key Performance Indicators (KPI) in any 

production process. It describes to production efficiency and is commonly a combination of 

at least two factors, such as tons per hour, or million tons per year. 

 

Survey question 2: Enhanced productivity 
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Pivot Table 4.15 was made from all the responses using Microsoft Excel software. 

 

Table 4.15 Pivot table on responses to question 2. 

 
 

Figure 4.75 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 

 

 

Figure 4.75 Radar -chart on responses to question 2. 

 

For the association tests, the response option four was excluded, due to the low quantity of 

responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.76 and 4.77, there is not enough evidence to conclude 

that the differences are statistically significant. 

 

 

Figure 4.76 Chi-Square test report for language association on responses to question 2. 
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Figure 4.77 Chi-Square test report for language association on responses to question 2. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.78 and 4.79, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.78 Chi-Square test report for stakeholder association on responses to question 2. 

 

 

Figure 4.79 Chi-Square test report for stakeholder association on responses to question 2. 
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4.4.2 Efficiency 

There are many ways to determine efficiency. Probably the most common way of 

quantifying equipment efficiency is the OEE method. Overall Equipment Effectiveness 

(OEE) is a calculation that indicates the process status. It can be a simple calculation or a 

complex calculation with multiple variables to assist analysing the process. 

 

OEE = Availability x Performance x Quality (oee.com) 

 

Availability can relate to equipment, that is available within the given timeframe. 

Mechanical issues or refueling that require the equipment to be stopped, will have an impact 

on the availability ratio. Performance could be a reduction in speed compared to optimal. 

There can be some technical reasons, why optimal equipment speed or cycle time would not 

be achieved, and this could be categorized as the performance. Although the wording refers 

to quality, it could be used to calculate the false reading from the loader scale, causing the 

operator to run the loader at 10% lower capacity compared to optimal. 

 

In addition to availability, measuring utilization is very common when equipment usage is 

evaluated. Percentages are commonly used, as they are more representative than hours or 

days. The main principle is, that the equipment needs to be available before it can be utilized. 

Therefore, the alternative on simple OEE calculation could be: 

 

OEE = Availability x Utilization = 0.8 x 0.8 = 0.64 = 64% 

 

In case the production hours are fixed, and the availability is increased, it would lead to a 

reduction in utilization. Therefore, it is important to understand all the parameters. In case 

the utilization (operating hours) is increased, it will have an impact on the availability within 

a specific timeframe. 

 

Variation can be caused by internal or external factors (Modig & Åhlström 2013, 57). 

Variation has an impact on the flow efficiency and the larger the variation is, the larger the 

cycle time is (Modig & Åhlström 2013, 58). Sir John Kingman introduced an equation with 

an exponential curve in the 1960s, that illustrated the effects of utilization and variation to 

the cycle time. The equation shows, that the higher the variation and utilization is, the longer 

the cycle time would be (Modig & Åhlström 2013, 58). Torkkola (2015, 198) has stated, that 

the reason for unfinished tasks is: high variation or high utilization, or both. Automation will 

support reducing the variation, however, the continuously changing underground 

environment would not make it impossible to remove the variation in full. Therefore, 

targeting 100% utilization would not be realistic. 

 

Survey question 3: Enhanced efficiency 

 

  



67 

 

Pivot Table 4.16 was made from all the responses using Microsoft Excel software. 

 

Table 4.16 Pivot table on responses to question 3. 

 
 

Figure 4.80 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 

 

 

Figure 4.80 Radar -chart on responses to question 3. 

 

For the association tests, the response option four was excluded, due to low the quantity of 

responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.81 and 4.82, there is not enough evidence to conclude 

that the differences are statistically significant. 

 

 

Figure 4.81 Chi-Square test report for language association on responses to question 2. 
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Figure 4.82 Chi-Square test report for language association on responses to question 2. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.83 and 4.84, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.83 Chi-Square test report for stakeholder association on responses to question 3. 

 

 

Figure 4.84 Chi-Square test report for stakeholder association on responses to question 3. 
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4.4.3 Consistency 

In addition to waste (Muda) that does not create any value, there are two additional forms of 

waste: Muri and Mura. Muri means overburdening equipment or people, which can lead to 

quality and safety issues. Mura means unevenness and variation, which commonly occurs 

when the work pace is uneven, causing the employees to hurry and then wait (Liker 2004, 

114). 

  

Survey question 4: Enhanced consistency 

 

Pivot Table 4.17 was made from all the responses using Microsoft Excel software. 

 

Table 4.17 Pivot table on responses to question 4. 

 
 

Figure 4.85 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 

 

 

Figure 4.85 Radar -chart on responses to question 4. 

 

For the association tests, the response options four and five were excluded, due to the low 

quantity of responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.86 and 4.87, there is not enough evidence to conclude 

that the differences are statistically significant. 
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Figure 4.86 Chi-Square test report for language association on responses to question 4. 

 

 

Figure 4.87 Chi-Square test report for language association on responses to question 4. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.88 and 4.89, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.88 Chi-Square test report for stakeholder association on responses to question 4. 
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Figure 4.89 Chi-Square test report for stakeholder association on responses to question 4. 

4.4.4 Fleet size 

By maintaining the same production target and increasing the fleet size, the utilization 

reduces, however, the availability increases. The balance is then between the equipment 

availability and utilization. By ensuring optimal equipment availability, investments would 

need to be made, and by equipment utilization, the uncertainties on machine availability 

increases, although without investments. Reducing the fleet size could release some funds 

for alternative investments. 

 

Survey question 14: Importance of fleet size-reduction 

 

Pivot Table 4.18 was made from all the responses using Microsoft Excel software. 

 

Table 4.18 Pivot table on responses to question 14. 

 
 

Figure 4.90 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 
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Figure 4.90 Radar -chart on responses to question 14. 

 

For the association tests, the response options four and five were excluded, due to the low 

quantity of responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.91 and 4.92, there is not enough evidence to conclude 

that the differences are statistically significant. Minitab gave a recommendation on 

increasing the sample size for Chinese to 27 and for English to 31. Therefore, making any 

assumptions on the results would not be recommended. 

 

 

Figure 4.91 Chi-Square test report for language association on responses to question 14. 
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Figure 4.92 Chi-Square test report for language association on responses to question 14. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.93 and 4.94, there is not enough 

evidence to conclude that the differences are statistically significant. Minitab gave a 

recommendation on increasing the sample size for Engineering to 30 and Management to 

38. Therefore, making any assumptions on the results would not be recommended. 

 

 

Figure 4.93 Chi-Square test report for stakeholder association on responses to question 14. 

 

 

Figure 4.94 Chi-Square test report for stakeholder association on responses to question 14. 
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4.4.5 Safety and Health (Underground) 

Safety is most likely one of the key focuses for the majority of the listed mining companies 

and suppliers. Underground operations are noisy, dusty, hazardous and operators need to 

endure vibration caused by the machines that are operating in rough terrain. Explosions and 

collapses have led to fatalities throughout the years. 

 

Survey question 6: Employee safety and health aspects (for underground operations). 

 

Pivot Table 4.19 was made from all the responses using Microsoft Excel software. 

 

Table 4.19 Pivot table on responses to question 6. 

 
 

Figure 4.95 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 

 

Figure 4.95 Radar -chart on responses to question 6. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.96 and 4.97, there is an association between the 

outcomes and the X, as the differences are statistically significant. In practice, this means 

that Chinese participants were more willing to reduce the number of operators when English 

participants seem to be more willing to allocate other work for the operators and keeping 

some of them underground – This validates the 4.3.5 analysis, that the Chinese participants 

seek to reduce the headcount more than the English participants. 
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Figure 4.96 Chi-Square test report for language association on responses to question 6. 

 

 

Figure 4.97 Chi-Square test report for language association on responses to question 6. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.98 and 4.99, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.98 Chi-Square test report for stakeholder association on responses to question 6. 
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Figure 4.99 Chi-Square test report for stakeholder association on responses to question 6. 

4.4.6 Safety and Health (Surface) 

Although the surface is a different environment than the underground, the machines are still 

similar. Explosions and collapses can lead to fatal injuries. 

  

Survey question 7: Employee safety and health aspects (for surface/open pit operations).   

 

Pivot Table 4.20 was made from all the responses using Microsoft Excel software. 

 

Table 4.20 Pivot table on responses to question 7. 

 
 

Figure 4.100 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 
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Figure 4.100 Radar -chart on responses to question 7. 

 

For the association tests, the response option two was excluded, due to the low quantity of 

responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.101 and 4.102, there is an association between the 

outcomes and the X, as the differences are statistically significant. In practice, this means 

that Chinese participants were more willing to reduce the number of operators when English 

participants seem to be more willing to allocate other work for the operators and keeping 

some of them near the production area – This validates the 4.3.5 and 4.4.5 analysis, that the 

Chinese participants seek to reduce the headcount more than the English participants. 

 

 

Figure 4.101 Chi-Square test report for language association on responses to question 7. 
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Figure 4.102 Chi-Square test report for language association on responses to question 7. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.103 and 4.104, there is not enough 

evidence to conclude that the differences are statistically significant. 

 

 

Figure 4.103 Chi-Square test report for stakeholder association on responses to question 7. 

 

 

Figure 4.104 Chi-Square test report for stakeholder association on responses to question 7. 
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4.4.7 Environment 

Environmental concerns are increasing (WEF, 2019). Social acceptance can be considered 

as the social license for the mine to operate in a certain country or region. 

 

Survey question 8: Environmental aspects. 

 

Pivot Table 4.21 was made from all the responses using Microsoft Excel software. 

 

Table 4.21 Pivot table on responses to question 8. 

 
 

Figure 4.105 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 

 

 

Figure 4.105 Radar -chart on responses to question 8. 

 

For the association tests, the response options three and four were excluded, due to the low 

quantity of responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.106 and 4.107, there is not enough evidence to 

conclude that the differences are statistically significant. 
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Figure 4.106 Chi-Square test report for language association on responses to question 8. 

 

 

Figure 4.107 Chi-Square test report for language association on responses to question 8. 

 

Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.108 and 4.109, there is not enough 

evidence to conclude that the differences are statistically significant. Minitab recommended 

increasing the sample size for English to 24, however, the difference is only one, and thus 

no need to exclude the outcome. 

 

 

 

Figure 4.108 Chi-Square test report for stakeholder association on responses to question 8. 
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Figure 4.109 Chi-Square test report for stakeholder association on responses to question 8. 

4.4.8 Future of mining 

Digitalization is an increasing trend and it will shift the balance more to white-collar workers 

(PWC 2018, webcast). Digitalization will make the working environments for the operators 

more convenient with less noise, dust, and vibration. Asia is mastering the cost efficiency 

and the customer solutions, as the mindset is more digital and the region is facing pressure 

on cost (PWC 2018, webcast). 

 

Survey question 23: Plans for digitalization. 

 

Pivot Table 4.22 was made from all the responses using Microsoft Excel software. 

 

Table 4.22 Pivot table on responses to question 23. 

 
 

Figure 4.110 illustrates the radar chart made from all the responses using Microsoft Excel 

software. 
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Figure 4.110 Radar -chart on responses to question 23. 

 

For the association tests, the response option five were excluded, due to the low quantity of 

responses. 

 

Chi-Square Test for Association -test was made between the Chinese and English language 

groups in Minitab. As seen in Figures 4.111 and 4.112, there is not enough evidence to 

conclude that the differences are statistically significant. 

 

 

Figure 4.111 Chi-Square test report for language association on responses to question 23. 

 

 

Figure 4.112 Chi-Square test report for language association on responses to question 23. 
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Chi-Square Test for Association -test was made between the “Management” and 

“Engineering” groups in Minitab. As seen in Figures 4.113 and 4.114, there is not enough 

evidence to conclude that the differences are statistically significant. Minitab recommended 

increasing the sample size for English to 24, however, the difference is only one, and thus 

no need to exclude the outcome. 

 

 

 

Figure 4.113 Chi-Square test report for stakeholder association on responses to question 23. 

 

 

Figure 4.114 Chi-Square test report for stakeholder association on responses to question 23. 
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5. CONCLUSIONS AND DISCUSSIONS 

 

Conclusions and discussions will interpret and summarize the analysis results in a general 

manner and provide responses to the main research questions and to the sub-categories. 

Responses to the individual topics are provided in the respective sections between 4.1 and 

4.4. Also, research reliability, limitations, and future research are discussed. 

5.1 Conclusions from the research 

The main research question was: 

• What are the key drivers for customers’ digital investments? 

 

Analysing the results from 54 responses, it can be stated, that 51% of the customers are 

expecting support from the supplier on Lean and even more strongly on Change 

Management (60%). Suppliers need to have at least some references to be considered as a 

potential supplier by the customers (94%). Therefore, it is critical to have case studies as part 

of the marketing materials. 89% considered that the Return on Investment (ROI) should be 

less than five years and 35% expect it to be less than two years. The majority (59%) of the 

respondents would more likely invest in digital solutions if they would be confident that it 

could be integrated into the existing system. It could be beneficial to find out what are the 

major infrastructures within the industry and evaluate how easy it would be to integrate 

digital solutions. 28% considered that they would more likely invest if they would be 

confident in data security. 52% expected that the suppliers have the latest security tools. 

Some emphasis could be made on promoting the data security aspects. 94% of the 

respondents considered that Autonomous operation is more beneficial than manual 

operation. User-friendliness is slightly more important than system flexibility and this 

supports standardizing the offering, resulting in cost-effectiveness. 87% expected that the 

operational costs would need to be reduced by 30%. Practically everyone considered that 

collision avoidance is important, and only a few respondents considered that they have 

reserve units available. It could be beneficial to promote collision avoidance functionality. 

There seems to be a demand for reducing the operator headcount, however, the research does 

not provide a reason behind this topic. 80% considered that 24/7 local support would be 

required. It would be beneficial to ensure that 24/7 local support would be included in the 

proposals. Productivity and efficiency expectations were averaging at about 30%. 

Consistency does not appear to be a significant issue. Almost all considered that the fleet 

size (equipment quantity) would need to be reduced. 50% considered that they would be 

willing to invest more, it would make them environmentally friendly. Expectations on full 

digitalization are averaging at about five years and only 13% did not believe that full 

digitalization would occur within the mine lifetime. 

 

Recommendations would be, to have (1) strong case study base, (2) investigating the 

different options for integration and adding them to the marketing material, (3) standardized 

solutions ensuring user-friendly operation, (4) promoting the collision avoidance 

functionality, (5) ensuring that the local and remote support offering fulfils the expectations, 

(6) promoting the availability increase with predictive maintenance and collision avoidance, 

resulting in potential reduction on fleet size. 

 

Although the survey responses were qualitative, using the Lean learnings, a quantitative map 

was created on displaying the topics with “importance to the customer” as the y-axis and 
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“influenced by” as the x-axis. It also displays responsibility zones for Supplier, Customer, 

and Co-operation. The best starting point for the supplier would be the top left corner, as it 

provides the highest value to the customer, and the customer has very little influence on it. 

Progress would then be towards the co-operation zone. Although Figure 5.1 is based on 

subjective analysis from the survey results, it illustrates that the standard functionalities 

would need to be firmly anchored within the suppliers offering, as the customer has very 

little influence on them. In practise, customers might have different views on collision 

prevention that can be taken into consideration, however, creating multiple variations could 

be considered as safety-related risk. The autonomous operation can be considered as safety 

risk; however, it needs to fulfil the customers’ needs, and therefore it is positioned more to 

the co-operation zone. On the opposite side, the supplier has very little influence on reducing 

headcount or ensuring that the digitalization receives the customers’ top management 

support. According to the research results, Lean and Change Management in the customers’ 

zone would need to be shifted into the Co-operation zone. Although operator safety is 

relatively low, it does not mean that the customers do not appreciate safety, the questions 

simply related to removing the operators away from the production area. 
 

 

 

Figure 5.1 Importance to customer vs. influenced by -mapping 

5.2 Language differences 

In addition to the main research question, the intention was to research, if there are regional 

differences in the respective topics using common Lean methods and tools? 

 

In section 2.6, the difference between the English and Chinese response times were 

evaluated. It was considered that perhaps the responses in Chinese were rushed and thus not 

representative. However, only 6/22 (27%) questions were statistically different between the 

English and Chinese responses. Therefore, it is reasonable to state, that the responses are 

representative. 
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In section 3.1.1, survey question 22: Lean management (Six Sigma / Value Stream Mapping 

/ 5S etc.).  Chinese language participants seem to be more willing to ask for support from 

the supplier than the English participants. 

 

In section 3.2.2, survey question 12: Importance of easy operation compared to flexibility. 

Chinese seem to prefer easy operation more than English, and English seems to prefer 

flexibility more. 

 

In section 3.3.2, survey question 17: Importance of predictive maintenance. English 

participants seem to be facing unplanned maintenance more than Chinese participants. At 

the same time, Chinese participants consider that their maintenance is more flexible than 

English participants. 

 

In section 3.3.5, survey question 13: Importance of operator cost reduction. English 

participants seem to be more willing to allocate other work for the operators in case their 

role is no longer needed. None of the six English Top Management participants and none of 

the 24 Chinese participants were willing to allocate other work for the operators – however, 

it is important to understand that the participants could only choose one option. 

 

In section 3.4.5, survey question 6: Employee safety and health aspects (for underground 

operations). Chinese participants were clearly more willing to reduce the number of 

operators when English participants seem to be more willing to allocate other work for the 

operators and keeping some of them underground – This validates the 4.3.5 analysis, that the 

Chinese participants seek to reduce the headcount more than the English participants. 

 

In section 3.4.6, survey question 7: Employee safety and health aspects (for surface/open pit 

operations). Chinese participants were clearly more willing to reduce the number of 

operators when English participants seem to be more willing to allocate other work for the 

operators and keeping some of them near the production area – This validates the 4.3.5 and 

4.4.5 analysis, that the Chinese participants seek to reduce the headcount more than the 

English participants. 

5.3 Stakeholder differences 

In addition to the main research question, the intention was to research, if there are 

stakeholder differences in the respective topics using common Lean methods and tools? 

 

From the 22 questions, there is not enough evidence to conclude that there would be any 

statistically significant differences between Management and Engineering. 

5.4 Recommendations 

Based on the results regarding the expectations on investments, there are no statistically 

significant differences between the stakeholders. This means that the Management and 

Engineering would make similar investment decisions. Therefore, using standardized 

marketing material before customer investments would be a reasonable choice. Having a 

different approach for Management and Engineering would be considered as “waste”. 
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However, as there seem to be regional differences, there might be differences between the 

companies as well. In addition to expectations, the differences could also be about resistance 

and concerns. It could be beneficial to identify the possible individual customer expectations 

for an individual quotation request. In case the customer decides to invest, the focus should 

then be on identifying the change resistance and the concerns within each stakeholder group. 

A survey would be a suitable tool, with well-thought questions and responses. The process 

should be iterative, to ensure that the resistance reduces. Focusing on the differences between 

the stakeholder groups will support on identifying the root causes: what are the concerns 

within each group, how critical the concerns are, and how to reduce the resistance and 

concerns. This approach will assist in planning the change management process. The plan 

would include a schedule and individual actions for each group.  

 

Awareness is one of the Lean criteria and due to the regional differences, it would be 

mutually beneficial, if customers would emphasize their expectations in detail to the 

suppliers. This would ensure that the suppliers’ proposal contents would fulfil the customers’ 

requirements. It might become an iterative process, however, having clear targets or key 

performance indicators (KPI) in the early stages would result in a more efficient overall 

process. Mapping the added value by using Figure 5.2 as a template could be a good starting 

point. Depending on the target, the X-axis and Y-axis can be e.g. people, time, or currency. 

Like with Figure 5.1, the best starting point would be the top left corner. This would support 

the customers on selecting the targets that would generate the highest value, within a 

reasonable timeline and costs. Hadid and Mansour (2014, 766) have discussed about the 

negative impacts on applying Lean successfully and one of them is having too many 

development projects at the same time. Focusing on multiple targets will lead to longer lead 

times for each target, however, by focusing on one or two targets will ensure that they are 

achieved as fast as possible, before moving forward to other targets. This also reduces the 

change resistance, as the benefits from the first targets start to generate added value. 

 

 

 

Figure 5.2 Importance vs. resources required -mapping 
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One of the sub-categories was to come up with recommendations to fulfil the customers’ 

expectations, using common Lean methods and tools. Using the Kotter’s eight steps of 

change, the recommendation would be as follows: 

 

Step 1 - Establish a sense of urgency: 

60% of the participants responded, that they would need support on change management. 

Therefore, it can be stated that the customers’ expectations on suppliers supporting the 

digital change are very high. To ensure a competitive advantage, the recommendation would 

be that the offering would be expanded into digitalization change management. 

 

Step 2 – Create the guiding coalition: 

Coalition/team for building the offering would need to be established. The members of the 

coalition would be from different departments, to ensure that there is a wide range of skills. 

It would be very important that the members would have a positive attitude and an open 

mind. To ensure learnings from previous projects would be collected, it would be beneficial 

to have a member within the coalition, who has experience from the industry in change 

management. 

 

Step 3 - Develop a vision and strategy: 

As there is no existing offering for change management, the vision could be, that the change 

management would be part of the standard offering in Q1/2021. Although it would be part 

of the standard offering, it would still be tailor-made as per customer’s needs. The tools and 

methods applied in this research can be used as part of the offering on surveying the existing 

status and future expectations. 

 

Step 4 – Communicate the vision: 

Management and stakeholder commitment is critical, not only for the successful 

implementation but also for allocating the resources. Marketing would be involved in the 

early stages to ensure the communications between the supplier and customer are well 

thought and that the platforms are utilized properly. 

 

Step 5 - Empowering broad-based change: 

Training by 3rd party consultant could be organized to ensure, that the coalition has the 

necessary skills and tools for creating the offering. The coalition would need to have full 

power in making decisions regarding the offering. 

 

Step 6 - Generate short-term wins: 

A pilot could be organized to be able to identify the added value for customers and suppliers. 

It can be a challenge to achieve short-term wins from the existing customers, other than 

positive feedback. However, including change management as part of the proposals, might 

lead to increased order intake in the short-term. Therefore, it is even more important, that 

the coalition truly believes that the offering would be valuable for the future. 

 

Step 7 - Consolidate gains and produce more change: 

After the pilot stage, the pressure would need to be continuous on developing the offering. 

Technologies and organizations are continuously changing and developing; therefore, it is 

likely that the process would be iterative and might never achieve final shape and form. 
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Step 8 - Anchoring new approaches in the culture: 

Establishing a small global team or at least a leader for this offering would ensure that change 

management is part of the supplier culture and offering. Respective person(s) would need to 

be voluntary, to ensure the development receives positive attention. 

5.5 Reliability and validity 

Although discussions have been made with multiple stakeholders regarding the survey 

questions and response options, they are prepared mostly by one person. To ensure that the 

results are reliable, the intention has been to objectively provide a reasonable amount of 

choices for the participants. Although the risk of “biased perspective” has been minimized 

by using tools for analysing the results, the conclusions are still subjective to some extent. 

The responses were relatively consistent, despite the differences in response times. A low 

amount of responses from the operators can be considered as a challenge, as one key group 

has been left out from the research.  

 

The survey has been sent to a selected group of people and the validity would be enhanced 

by increasing the number of responses. To enhance the reliability of the research, the 

triangulation method was applied, providing a wider perspective on the topics being 

discussed. It is very likely, that someone else would have prepared different questions and 

responses. 

 

The survey was anonymous, and participation was voluntary, therefore it can be stated, that 

the data is ethically collected. Special attention has been made on ensuring that the references 

have been properly documented. Survey results have been saved and would be available on 

request for a minimum of two years. 

5.6 Limitations and future research  

The research does not provide responses to what are the key drivers for investments, as the 

responses would then need to be exactly the same. Unfortunately, the low amount of 

responses from the operators does leave out one important stakeholder group. The research 

validates that there are regional differences regarding the expectations. Although there were 

no statistically significant differences between Management and Engineering, the results are 

meaningful, as it validates that there are no differences between them. Some topics would 

need more attention to ensure competitive advantage is maintained. Adding the Change 

Management as part of the offering would be highly recommended. This research can 

support suppliers, customers, and 3rd parties to evaluate their expectations and activities. The 

learnings from the actual process can also be used for future surveys, as the process is not 

dependent on the questions or responses. Surveys will support on understanding the 

expectations, resulting in improved offering and enhanced communications between the 

parties. This research proves that Lean can be used in analysing the key drivers for IIoT 

investments in Mining. Analysing the results will take time and effort; however, the benefits 

would be far greater in long term.   

 

For the future, emphasis could be made on increasing the amount of responses from the 

operators, especially when the Change Management process is evaluated. It would also be 

interesting to see a detailed list of questions related to Change Management, followed by a 

pilot. The questions would then shift from expectations to processes. 
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