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1.0 Introduction
The purpose of this research project is to evaluate and understand the challenges and constraints for implementing and maintaining a sustainable process for problem solving and decision making in a long standing automotive manufacturer.

To this effect the following research question will underpin the scope and aims of this research project and also shape the proposed approach that will be taken: - 

“Problem solving and decision making tools and techniques have been around for decades, so why do we still experience barriers and constraints when implementing as part of a sustainable process for continual improvement?”

1.1 Research Scope
The research will focus on a leading global Tier one organisation in the automotive industry, namely 
Marelli Thermal Systems. The organisation manufactures the commodity products of thermal management and engine cooling systems. Marelli has a long standing history of automotive manufacturing with a rich culture spanning over a century.

1.2 Research Aim
The Marelli organisation is facing many challenges, both with the current demands of its high end automotive customers and also from future industry changes such as the shift into electrification of vehicles, an area that Marelli has recently entered. Therefore, a firm focus must be maintained to ensure that current products and services satisfy the needs of the customer and end user. It is therefore vital that Marelli fully embraces the principles of problem solving and decision making and embed them within a sustainable process for continual improvement. 

To achieve this objective, a wider study will be undertaken to research the barriers and challenges faces for implementing similar processes in the automotive industry in general. These findings then will be translated in line with the current practices at the Marelli Llanelli Plant with the final goal of implementing a sustainable process while aligning to the operational strategy of the organisation.


1.3 Research project - background and Rational 

1.3.1 The Automotive Industry 
Then and Now

From the first time that Carl Benz ran his stationary one-cylinder two-stroke gasoline engine on New Year’s Eve 1875 (Daimler, 2021) the automotive industry continues to leave its tyre marks in history
 
Automotive manufacturing has expanded from these early days where hand built vehicles were made in small workshops to the hi-Tec global enterprises that we now have as household names.

“The outstanding contribution of the automotive industry to technology advancement was the introduction of full scale mass production, standardisation, interchangeability, synchronisation and continuity” (Britannica, 2021)  


The automotive contribution
[image: ]
The automotive industry has become a vital part of a global economy. In the UK alone, it is worth more than £78.9 billion in turnover while adding £15.3 billion value to the UK economy (SMMT, 2021)

To put the scale of the industry into perspective, the automotive industry has experienced an unprecedented year with the impact of COVID-19 and the knock on reduction in manufacturing output. However, at year to date September 2020, 1,243,656 vehicles were still registered in the UK (SMMT, 2021). Please see Figs 1 and Fig, 2

                                                                                                                                                Fig. 1 (SMMT, 2021)
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                                                                                                                                               Fig. 2 (SMMT, 2021)
The automotive challenge

As with many other sectors, automotive manufacturers continue to face many challenges while striving to remain buoyant in a highly competitive marketplace. The following are examples: -

· Modern OEM organisations are typically downstream of complex supply chains covering large geographical footprints

“What we see today in supply chain management would not have been thought possible even five years ago. The speed of development and the potential for improvements in product safety have been quite amazing,” Christof Bentele, Head of Global Crisis Management at AGCS. (Allianz, 2020).

· Consumers expect safe and reliable vehicles as a minimum requirement and ongoing technological advancements in vehicle design are expected.

“Attracting new car buyers used to be a fairly straightforward task: the vehicle must look good, drive well and be comfortable to ride in. Today, those factors remain but for many consumers, the traditional considerations are no longer important. Instead, characteristic such as a quiet, smooth ride and a high level of advanced in-cabin tech are being sought after more than ever. Automakers have a tough time ahead in meeting such a wide range of demands”  (Automotive World, 2019)

“Developments in technology are changing our world more quickly than at any time in history, nowhere more so than in the automotive sector”. (Jaguar Land Rover, 2021)

· The cost of failure can be devastating

Even though modern automotive organisations have evolved into High-Tec well controlled entities, defects will undoubtedly happen, and products will “escape” into the market place. In such instances a product recall may be required. If an organisation is fortunate, the impact of a recall can be minimised, especially if the risk to the consumer is low and only a relatively small number of products are affected and can be easily traced and retrieved. However, in more extreme cases, there could be a risk to life with a very large number of products already in a market place spanning a large geographical spread. When considering cost, the automotive industry dominates the recall-related insurance losses experienced in recent times.  (Burrows, 2018)
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                                                                                                                                          Fig. 3  (Burrows, 2018)
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· The advent of vehicle electrification 
The necessary move to vehicle electrification will bring its own series of challenges as the industry enters a technological era that is relatively new to many organisations within.
“Government takes historic step towards net-zero with end of sale of new petrol and diesel cars by 2030” (Gov.UK, 2021)
 “It is one of the great challenges of our time, bound up in our ambition as a nation to become carbon neutral by 2050. For the UK manufacturing sector, of which automotive is such a key part, failure is surely not an option. But neither is success guaranteed.” (The Manufacturer, 2020)
While considering these challenges and the fact that the average car has around 30,000 component parts, there is a significant opportunity for defect. 
The ability to solve problems and drive continual improvement is a matter of survival

1.3.2 Marelli Automotive Systems
In May 2019, two long standing automotive manufacturing organisations, namely Magneti Marelli and Calsonic Kansei united under the new worldwide brand MARELLI to become the 9th largest independent automotive supplier. The organisation designs and manufactures a diverse range of automotive components and assemblies to a wide ranging customer base. Fig. 4 gives an organisational overview (Marelli, 2020)

This research project will focus on the manufacturing operation in the Marelli Llanelli facility (MLUK), however information and research elements will include other Marelli facilities and also OEM customers. The MLUK Plant is shown in Fig. 5  (Marelli, 2020)
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                                                                                                                                              Fig. 4 (Marelli, 2020)     
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                                                                                                                                                Fig. 5 (Marelli, 2020)
The Llanelli Plant is part of the Marelli thermal Systems division with key products shown in Fig.6  (Marelli, 2020)
[image: ]
                                                                                                                                             Fig  6 (Marelli, 2020)
 The organisation supplies to a number of prestigious car brands as shown in Fig. 7 (Marelli, 2020)
[image: ]
                                                                                            Fig.7 (Marelli, 2020)


Marelli Automotive Systems – the importance of continual improvement
As a Tier 1 supplier MLUK is responsible for the direct shipment of parts into each OEM facility and therefore liable for the product manufactured at the MLUK site and also the upstream supply chain. Due to the products and services provided, the organisation faces the same challenges as the wider automotive industry.
[image: ]MLUK are a “design responsible” organisation and therefore seen as subject matter experts by each OEM. Products are therefore required to satisfy customer needs in terms of form, fit, function and reliability over a defined period of use (warranty). 
It is a priority therefore for products to be manufactured and supplied in line with stated requirements and be durable enough to satisfy the stated warranty timeframe. 
Maintaining a focus on continual improvement and having the ability to resolve issues in a timely and effective manner is essential for customer confidence, future business and also to limit the level of cost exposure on the organisation.  Fig 8 shows typical costings dependent on where an issue is identified.                                                                                                                            
                                                                                                                                                                        Fig.8
Customer data (0KM)
MLUK have maintained “single figure” PPM (Parts Per Million) results with customers for OKM (Zero Kilometres – defects found in OEM Plant prior to delivery to a dealership) with the landing point for calendar year 2020 being 4PPM (0.0004%). Fig 9 shows results over the last 4 years (MLUK QA, 2021).
[image: ]
                                                                                                                             Fig. 9 (MLUK QA, 2021)
Even though this result may be deemed as positive, MLUK seek further improvement. Every defect impacts customer perception and is recorded on a supplier scorecard. If managed effectively, a one-time failure mode can be tolerated, however any repeat concern is viewed by the customer as the inability of the supplier to undertake effective root cause analysis and thus implement effective corrective action.  
For MLUK, Zero Defect is the only goal, while ensuring that an effective process for problem solving and continual improvement is essential.
Internal data (Scrap)
While studying the current figures for internal failure at MLUK, it is seen that the rate of internal scrap is currently at 2%. Fig. 10 shows the MLUK internal scrap figures (MLUK Manufacturing, 2021) however if this is compared to the 4PPM results at customer sites, it is clear that MLUK is effective in containing issues prior to shipment to the customer. However, the organisation is mindful that this “safety net” could be breached and therefore the same Zero Defect focus is required at Plant level. 
[image: ]
                                                                                                                Fig. 10 (MLUK Manufacturing, 2021)
MLUK have embraced many improvement philosophies and approaches over the years, however the management team feel that a more inclusive, strategic approach is required. Therefore, the need to adopt an effective process for problem solving as part of a continual improvement philosophy is of vital importance.
1.4 Literature review
1.4.1 Problem solving and decision making and continual improvement
The principles and philosophies of problem solving and continual improvement have been available to organisations for decades. Fig 11 shows examples 

Detailed quality models and philosophies have been developed by leading Quality “Gurus” along with numerous tried and tested quality and improvement tools and techniques. Examples are below: 

W. Edwards Deming – PDCA, 14 Points for management ( (The Deming Institute, 2021)
Dr. Genichi Taguchi – Loss Function, Design of experiments (Roy, 1990)
Walter A Stewhart – Statistical Quality Control ( (Hessing, 2021)
Ishikawa – 7 Quality Tools, Fishbone diagram (Bicheno, 2005)
Philip Crosby –  Zero defects, The Fourteen steps to quality improvement (Quality Gurus.com, 2021)
Dr. Joseph M Juran – Quality Trilogy (DeFoe, 2019)
Training and development is widely available from accredited providers with delivery in a number of different formats to suit each individual organisation.

The automotive industry has championed a “journey” to continual improvement and continues to be a leader in the promotion of problem solving and continual improvement philosophies and processes. 

Automotive OEMs (Original Equipment Manufacturer) invest significantly in the development of manufacturing standards, while entire departments are in place for both their own in-house and supplier conformity. Global accreditations such as IATF16949:2016 (Industry Automotive Task Force) must be adopted by suppliers and audited by designated Third Party accreditation bodies to allow them to continue supplying products and services. 

 Fig 11 shows examples of “vehicles” for problem solving and continual improvement

[image: ]Fig. 11
Examples of “vehicles” for problem solving and continual improvement



1.4.2 Recent industry data
Even though there are wide ranging options to support organisations on their journey to improvement, recent industry data signifies a common theme where automotive manufacturing organisations are struggling to implement effective processes for problem solving and decision making as part of a continual improvement philosophy.
The following are two recent examples: -
Automotive Industry Action Group (AIAG) & Deloite – Quality 2020

The AIAG, an organisation that comprises of 22 automotive OEMs and suppliers collaborated with Deloitte to undertake a survey to establish the challenges facing the automotive industry. This survey was called “Quality 2020” (AIAG, Deloitte, 2021). Results showed that the ability to undertake effective problem solving was seen as a critical 

“The fact that the majority of survey respondents describe themselves as only moderately capable at problem solving is interesting and concerning,” 
David Kneisler, vice president, global quality for Dana Holding Corporation and chairman of the AIAG board of directors. (AIAG, Deloitte, 2021)

Industry Forum (IF) – 2019

An analysis was undertaken by IF into the results of IATF16949:2016 audits in 2019 and the Major Non-conformances that had been raised (UK and globally). Problem solving highlighted in top 3 in both categories with the UK breakdown shown in Fig. 12 below (Forum, 2021) 

[image: ] 
                                                                                                                                               Fig. 12 (Forum, 2021)
With all the available “vehicles” to guide and aid organisations, it is still unclear why so many organisations are struggling to deploy a sustainable process.
1.4.3 Previous research 

There has been a number of research papers written on this topic. The following are an example: - 

McLean R, J. A. (2014). Why continuous improvement initiatives fail in manufacturing environments? A systematic review of the evidence. International Journal of Productivity and Performance Management; Bradford Vol.63 Iss.3 (2014); 370-376.

Lu D, B. A. (2011). Why process improvement training fails. Journal of Workplace Learning; Bradford Vol 23 Iss.2.

Singh J, S. H. (2015). Continuous improvement philosophy - literature review and directions. Benchmarking; Bradford Vol. 22 Iss.1.

Education Business Articles. (2020, February 8th). Education Business Articles. Why Problem Solving in Business Usually Fails

Maarof M, M. F. (2016, February 9th). A Review of Contributing Factors and Challenges in Implementing Kaizen in Small and Medium Enterprises. Science Direct, p. Abstract

Six Sigma Daily. (2018, January 4th). Maybe You’re Just Doing It Wrong: Addressing Common Six Sigma Challenges. Six Sigma Daily

Goodwin, B. (2018, March 29th). Beyond the quality standards. CQI IRCA 
https://www.quality.org/knowledge/beyond-quality-standards.

While reviewing and generally categorizing the conclusions drawn from these documents, a number of common themes emerge, namely:

· Training and Development
· Resistance to Change
· Organisational Culture
· Management and Leadership Buy-in

1.4.4 Application of previous research to MLUK

This research project will review and consider previous research and evaluate findings in line with the current operation at MLUK.  

The following hypothesis will be evaluated during the research project: -

Hypothesis: Training and Development 

· MLUK focus on individual learning and development and overlook wider organizational learning
· MLUK train to a certain “expected level” rather than surpassing it

“Organizational learning is not merely individual  learning, yet organizations learn only through the experiences and actions of individuals” (Argyris C, 1978)



Hypothesis: Resistance to Change 

· MLUK do not fully relate to how employees view change in the workplace

Hypothesis: Organisational Culture 

· MLUK do not fully embrace the fact that a deep rooted culture exists 

 “Culture refers to a company’s values, traditions and operating style…… In a sense the term describes how people view the workplace and how things are done” (Harvard Business Essentials, 2005)

“When evolving a culture of continuous process improvement using associated methodologies such as Six Sigma or Lean, the ultimate goal is to improve business performance. An important factor is changing the underlying culture of an organization. It is important to define culture in terms of the organization, and to understand its ramifications to the organization. Culture is how an organization classifies, communicates and acts in a given situation. Therefore, effective cultural change is the result of changed norms and beliefs of individuals reinforced by actions supporting the desired change” (Hajek, 2020)

Hypothesis: Leadership 

· Leadership at MLUK do fully not foster the environment for continual improvement

“Leadership is a process whereby an individual influences a group of individuals to achieve a common goal” (Northouse 2019)

The following will also be critically reviewed: -

Hypothesis: Data Driven 

· MLUK do not consistently use data to drive decisions rather jump to conclusions through perceived past knowledge and experience

“A world of unlimited possibility is confusing and threatens to overwhelm us with a mass of fact an idea that can’t be handled, so we are happy whenever we can to persuade ourselves that we already know enough to rule out some of the possibilities” (Becker, 1998) 

Hypothesis: Strategy 

· MLUK strategic objectives are not fully aligned or fully follow a systems perspective

“When your organisation takes a systems perspective, your senior leaders focus on strategic directions and customers. Your senior leaders monitor, respond to, and manage performance based on your results. With a systems perspective, you use your measures, indicators, core competencies, and organisational knowledge to build your key strategies, link these strategies with your work systems and key processes, and align your resources to improve your overall performance and your focus on customers and stakeholders”. (TQMS, 2015)



2.0 Approach to the research project

The following approaches are planned to be used during this research project, however as the project materialises, additional approaches may be adopted accordingly.

2.1 Literature review

Purpose
To learn and get a deeper understanding of past and current literature, theories and research.  

Documentation
· Books
· Professional journals
· Research papers
· OEM publications
· Accreditation bodies
· Publications
· Industry data
· MLUK data
· Internet web sites

Type of data
· Qualitative
· Quantitative

2.2 Action research

“Action research can be defined as “an approach in which the action researcher and a client collaborate in the diagnosis of the problem and in the development of a solution based on the diagnosis”. In other words, one of the main characteristic traits of action research relates to collaboration between researcher and member of organisation in order to solve organizational problems” (Business Research Methodology, 2021)

Purpose
To understand first-hand the potential barriers, especially in the context of a long standing manufacturing organisation such as MLUK 

Focus areas
· The identification of an improvement project to address an improvement area at MLUK
· Participation in this improvement project to interact with employees through the use of structured improvement tools and techniques
· Workplace observation  
· To survey and interview a cross section of stakeholders to understand their viewpoints regarding barriers that are in place and also to collate their suggestions for improvement. Stakeholders include
· MLUK management
· MLUK employees
· MLUK Trades Union representatives
· Managers from other Marelli Plants
· Employees from other Marelli Plants
· OEM customer representatives

Type of data
· Quantitative

2.3 Statistical analysis

Purpose
To apply a structures approach to problem solving and decision making while driving an improvement project at MLUK. 

Method
The chosen approach for the delivery of an improvement project will involve team based / focus group activity through the implementation of the statistical techniques of Six Sigma and follow the DMAIC approach. Six Sigma methodology has been chosen  as it will provide a disciplined, data-driven approach while focusing on the reduction of process variation, which is appropriate in a highly measureable manufacturing environment. It will also drive the use of the most relevant tools and techniques at each phase.  Please see Fig. 13 (DeFeo, 2020)
Type of data
· Qualitative
· Quantitative

“In leading Six Sigma, it is important to understand that is primarily a new approach to management and not a technical program……………… True there is a significant technical component involved. But all the technical expertise in the world will fail to produce results unless the working environment is receptive to the idea and changes that Six Sigma recommends”  (Pyzdek, The Six Sigma Handbook, 1999)
[image: ]
                                                                                                                                         Fig. 13 (DeFeo, 2020)

2.4 Quantitative and Qualitative Data

As defined in the research project approach above, a mix of quantitative and qualitative data will be gathered and studied.

Quantitative Data

Quantitative data will be utilised to give process understanding and qualitative data to help understand the interpersonal aspects associated with the implementation of an organisational improvement philosophy.

Quantitative data will form the backbone for measurable process improvement. MLUK is a manufacturing organisation with a number of key performance indicators providing a representation of process performance.  Baseline data will be analysed to understand the “as-is” and further utilised to drive process analysis and a measurable improvement. Quantitative data will enable decisions to be made regarding the most appropriate tools and techniques that are required to execute the improvement project and also measure success.

“Quantitative data is statistical and will usually be illustrated by a number. Examples are timings, weight, length etc. You will be able to do calculations and statistics on quantitative date.” (Rob, 2019)

“Quantitative analysis provides analysts with tools to examine and analyze past, current, and anticipated future events. Any subject involving numbers can be quantified” (Keaton, 2020)

Qualitative Data

Qualitative data will be required to help capture and understand the opinions and emotions of the people involved in the research project. This is essential to understand any interpersonal or cultural barriers that may exist in the organisation and highlight “why” certain viewpoints and behaviours exist, also how these could potentially have a bearing on the organisations goal of a sustainable continual improvement process. This is also particularly important as the effective application of improvement tools and techniques are dependent on both individual and team based logic to analyse data and allow informed decision to be made. Qualitative data can also help identify potential changes in the attitudes of individuals through the project execution.

“The word qualitative implies an emphasis on processes and meaning that are not rigorously examined, or measured (if measured at all), in terms of quantity, quality amount, intensity, or frequency. Qualitative researchers stress the socially constructed nature of reality, the intimate relationship between the researcher and what is studies, and the situational constraints that shape enquiry. They seek answers to questions and stress how social experience is created and given meaning” (Denzin, 1994)

















3.0 Resource requirements
Key resource requirements for this research project will be discussed and agreed with fellow managers at the MLUK Plant
The chosen improvement area will be identified following a review of the organizational status at the time of starting the research project. The improvement project will be undertaken on day shift for an anticipated 8 months while utilising MLUK employees. Project details will be fully defined in a Project Charter that will reflect the mission of the chosen improvement project: (Pyzdek 2001) and detail the key stakeholders, project objectives and benefit analysis.  

There will be no additional budget for this activity and all activities will be absorbed in the current scope of operations at MLUK

General resource requirements will be as follows 

· Data room and equipment to facilitate team based activity and presentation of data
· IT equipment for statistical analysis including Minitab statistical software
· Allocation of time for improvement team members to participate in chosen improvement project (including regular review meeting with managers)
· Allocation of time for stakeholders to participate in surveys and interviews


















4.0 Potential risks to project execution
Fig. 14 details example of the risks and associated mitigation actions that may apply to the research project and also the MLUK improvement project that forms part of it
[image: ]
                                                                                                     Fig. 14 Potential project risks


















5.0 Evaluation of success
The objective of the research project is to implement a sustainable process for problem solving and decision making and embed within a sustainable process for continual improvement
Part of this research will include the definition and delivery of a workplace improvement project while utilising the Six Sigma methodology
The evaluation of success will be as follows: -
Chosen improvement project
The outcome of the chosen improvement project will be reviewed as part of the Six Sigma DMAIC process.
The key performance indicators and other measures of success will be defined and documented in the Project Charter when the project scope is finalized.
An NMLUK sustainable process for continual improvement
Success will be evaluated by reviewing if a systematic process has been implemented
“Systematic - Well-ordered, repeatable, and exhibiting the use of data and information so that learning is possible. Approaches are systematic if they build in the opportunity for evaluation, improvement, and sharing, thereby permitting a gain in maturity”. (TQMS, 2015)

This will include a detailed documented system for continual improvement at MLUK with key process elements defined at a high level in a Marelli “Turtle Diagram”. Please see Fig, 15 (Marelli QA, 2021)

“The turtle is a generic diagram used to effectively describe a process. It has similar but simplified structure to the Cause and Effect Diagram created by Professor Kaoru Ishikawa in the 1960s.”  (Ambrose, 2018)



[image: ]
                                                                                                         Fig, 15 (Marelli QA, 2021)

This high level overview will be supported by the procedures and documentation necessary to facilitate and a sustainable process at MLUK while aligning to the overarching strategy of the organization.  

The final documented process will be audited in line with the requirements of the automotive standard IATF16949:2016



























6.0 Research project timeline
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Significant historical product recalls

Organisation Year | Product Recall reason Estimated Cost
Toyota 2010 Floor Mats Potential for gas pedals | $3.3 billion
getting stuck in the
mats
General Motors 2014 Ignition Switches | Potential to shut down $4.1 billion
the engine with no
warning
Firestone Tires and | 2000 Tyres Potential for SUVs and $5.6 billion
Ford Trucks to have defective
tyres fitted
Volkswagen 2015 Turbocharged Products could $18.3 billion
engine potentially not achieve
components regulatory levels for
emissions
Takata 2008 Air Bag Potential for air bag $24 billion

inflators to explode and
eject shrapnel like
material
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