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Abstract

Purpose: This dissertation aims to develop a performance measurement framework to fit lean
perspective. Improving performance is one of the main issues found within industrial business
environments. Given the nature of demand nowadays, industrial processes should be both
customizable and maintain its agility in the face of an ever-changing world. Lean management puts

these issues at the core of its philosophy.

Design/ Methodology Approach: The methodology adopted in this dissertation is a conceptual
literature review. Case studies were used to assess KPIs and to create the performance

measurement framework to fit lean.

Findings: The proposed framework evaluates organizational performance under eight categories
— customer issues, supplier issues, manufacturing management, internal management, research and
development, manufacturing efficiency, learning perspective and investment priority — and eleven
clusters. In total, 421 KPIs were identified and distributed amongst the clusters and categories. The
research was able to determine that VSM is the most used tool in different papers, and that cycle

time was the most used indicator, through frequency analyses.

Originality /value: This dissertation helps fill a gap in the literature on the relationship between
lean and performance in the perspective of measurement. Though that relationship has been
increasingly studied through questionnaires and literature reviews, there is still a gap regarding the

creation of a performance measurement framework made specifically for lean.

Practical Implications: This study contributes to the field of Management by proposing an
innovative performance measurement framework, that takes into account the particularities of
Lean manufacturing. It provides managers with valuable information regarding the usage of
performance indicators and lean tools in multiple papers. It aims to help managers choose the best

KPIs and lean tools, improving the performance measurement process.
JEL-codes: M11, 1.25, .68, L.10

Keywords: lean manufacturing, performance management, lean tools, operational performance,

key performance indicators
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1. Introduction

Manufacturing processes are an integral part of modern life. Their evolution has been the basis for
some worldwide changes, such as the Industrial Revolutions, creation of unions and political
movements and funding for technological development and research (Groover, 2010). Although
up until the mid-19th Century production was mostly based on artisanal or craft manufactured
items, the first and second industrial revolutions gave way to new technological advances that

allowed for the creation and evolution of the mass-manufacturing process (Groover, 2010).

Nowadays, while mass production is still the main form of factory production, it has become clear
that its golden age is over. In spite of mass consumption and an increase in worldwide population,
factories have had to find new ways of producing while maintaining and increasing their profit

(Groover, 2010).

Kiichiro Toyoda founded the Toyota Motor Corporation in Japan. The levels of demand during
the Post-War period in Japan made mass manufacturing much more expensive than in America
(Womack, Jones, & Roos, 1991). The problem, Taiichi Ohno noticed, was that scheduling of work
should not be guided by sales targets, but by actual sales (Ohno, 1988).

Nowadays, Lean has evolved to include a number of tools in order to achieve the organization’s
goals. The theory behind it has also developed beyond factory floors, so that Lean can also be
applied to the services industry (Sorooshian & Fen, 2017). Because managers have to find new
ways of gaining competitiveness, it has recently gained popularity as a way of developing the
organization without resorting to traditional mass production techniques, which don’t always

answer to these needs (Belekoukias, Garza-Reyes, & Kumar, 2014).

Performance is the action or process of performing a task or function. In management,
performance can also be considered a measure for the execution of these tasks (Mirea, 2013).
Quantifying and measuring performance is important because it gives managers data on the times
needed to complete separate tasks, the quality of these tasks and whether or not they can be

improved (Eaidgah, Maki, Kurczewski, & Abdekhodaee, 2016).

The growing competitiveness of worldwide markets demands that factories pursue operational
perfection (Belekoukias et al., 2014). One of the focuses of Lean is the pursuit of perfection, and
its tools have been used to achieve managers’ objectives. By seeking to decrease costs, while

increasing efficiency, it makes organizations more competitive (Belekoukias et al., 2014).



To be propetly implemented, lean is supported by a number of tools and methods, such as £a:zer,
kanban, just-in-time production, value stream mapping amongst others that target multiple areas of

the factory, seeking to bring down waste (Pinto, 2009).

The main aim of this dissertation is to create a performance measurement framework to fit lean
manufacturing. This research is important because, in spite of numerous studies on Lean, it seeks
to present a framework for performance to fit a lean manufacturing environment, thus enriching

the existing literature on the relations between Lean and performance.

The innovative character of the proposed framework lies in the fact that it has been built taking
Lean tools, philosophies, work techniques and principles into account. It objectively looks at
existing performance measurement frameworks and seeks out a way to improve on certain aspects

with the proposed framework.

The dissertation uses a conceptual literature review as the main methodology. Studies in literature
are used to define a performance measurement base model and define performance categories and
clusters. Then, case studies are compiled, screened and analyzed to gather a list of KPIs, which will

then be fit into the different clusters and categories.

The main research question is: what is the best way to measure performance in a Manufacturing
environment wherein Lean has been implemented? As secondary research question the author

sought to answer which key performance indicators are the most used by companies?

Besides this chapter, the dissertation contains six chapters. Chapter 2 presents relevant theoretical
background and a brief historical review of craft and mass productions, the basic principles of lean
and reviews the theory on its conception and application within a factory environment. It moves
on to present the definition of performance, relevant theoretical background on performance

indicators and the relationship between them.

Chapter 3 covers the methods used in the paper and details how the research was done. It presents
the steps of a conceptual review and describes how the KPIs, clusters and categories were chosen

and the stages of the construction of the framework.

Chapter 4 presents the results. It details how the performance measurement framework was
designed. It presents an overview of the case studies and performance measurement models,
followed by a detailed account of how the KPIs were gathered and listed. It then moves on to
define the clusters and categories. It then shows a graphical representation of the proposed

framework design.



It also details the frequency of indicators, the most used lean tools, philosophies and work

techniques, analyzing the relationship between them through frequency analyzes.

Chapter 5 presents the finished framework. It details the different categories and shows a
representation of the completed framework. This chapter also presents the possible relations
between the proposed framework and existing performance measurement systems and

implementation recommendations.

The dissertation ends with the conclusion where the final considerations regarding the research are
presented, alongside its implications and limitations. It also details the practical and theoretical

contributions of the research.



2. Literature Review

According to the needs of humans and the possibilities of the producer different methods have
been employed to create production. Production has evolved from handmade craft production to
industrial mass production, going from a place of personal, costly, handmade work to less

specialized, cheaper and standardized products (Womack et al., 1991).

To keep their competitiveness, companies must find new solutions for production issues. Lean
thinking arises as a potential answer to these problems (Bhamu & Sangwan, 2014). Created in Japan
after World War II, lean production focuses on perfecting the industrial chain, getting rid of waste

and becoming more productive and competitive (Krafcik, 1988).

This chapter briefly presents lean predecessors. Then, moves on to present the current theoretical
aspects behind lean production and lean management, its principles and tools. Finally, it presents
operational performance indicators and former researches on the relation between Lean and

performance.
2.1. Lean Background and Lean Definition

From the 1800s to the first World War, the main production method was craft production
(Womack et al.,, 1991). Companies weren’t interested in churning out thousands of the same
product, and customization was available and widely acceptable (Bhamu & Sangwan, 2014).
However, craft production is no longer a viable option for most industries, given the rise in demand

and the need for competitive pricing (Womack et al., 1991).

Henry Ford saw a way to improve craft production: Ford’s unique vision, alongside the
technological advances of his time, created the conditions for the creation of a mass production
factory (Womack et al., 1991). With it, the interchangeable worker was formed, making it so that
unspecialized workers were now the backbone of industrial production, though his extreme
division was later criticized (Chaplin, 1936). Ford tried to mass-produce everything, leaving the
invisible hand assumption behind, going for what was later described as the visible hand (Chandler
Jr, 1993). On the other hand, Sloan, GM’s CEO, had the idea of using decentralized divisions
(Holweg, 2007), dividing the company to create new roles (Womack et al., 1991).

Figure 1 shows a timeline of the developments in manufacturing, staring at craft manufacturing

and going all the way towards Lean.
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Figure 1 - From Craft to I ean

Source: (Chawla, 2010)

On the other side of the world, in Japan, the Toyota Motor Systems faced a different problem, due
to the conditions in Japan and Japanese consumers (Holweg, 2007). Unlike in America, levels of
demand were low, making the main focal point of mass production (lowest cost per item) have
little application (Womack et al., 1991). Those conditions created a need for a new approach to

manufacturing, creating the lean philosophy (Hines, Holwe, & Rich, 2004).

Lean is a systematic method to improve productivity while eliminating waste, unevenness in work
and overburden. It is also a continuously developing philosophy (Bhamu & Sangwan, 2014). This
methodology includes a set of tools that help identify and eliminate different types of waste and
continuous search for improvement (Womack et al., 1991). Lean philosophy can help bringing
down costs and decreasing unevenness in the final product, while increasing productivity of

workers, therefore increasing the overall performance of the company (Bhamu & Sangwan, 2014).

Lean methodology ultimately focuses on value and efficiency. Eliminating waste is one of the
answers to creating more value for the customer (Bhamu & Sangwan, 2014). By identifying the
seven types of waste: transport, inventory, motion, waiting, over-processing, overproduction and
defects (or non-value added components of the process), lean can reduce costs, times and improve

efficiency and competitiveness (Thurer, Tomasevié, & Stevenson, 2017).



Lean thinking can be applied to different contexts: while lean manufacturing or lean production
focuses on the production process, lean management is an organizational management approach

that can be applied to other industries (Sorooshian & Fen, 2017).

Creating and maintaining a smooth work flow is one of the main aims of lean, which helps to
expose any differences in work. That means that, instead of optimizing separate technologies, assets
or vertical departments, lean seeks to optimize the flow of products through the entire value stream
in a horizontal manner (Womack et al., 1991). Due to its cyclic nature, lean methods’ results aren’t
a one-time solution. Implementing a lean philosophy requires a steady cycle of maintenance,
assessment, mapping and solving (Alaskari, Ahmad, & Pinedo-Cuenca, 2016). Because of that,
implementing lean tools takes time and involves different levels within a company, from top

management to gezzba workers (Groover, 2010).
2.2. Lean Principles

The Toyota Production System developed a set of fourteen guiding principles to achieve the goals
of lean thinking, which make up the Toyota Way, or the company’s managerial approach and
production system (Ohno, 1988). The fourteen TPS principles can be illustrated by a pyramid,
shown in Figure 2 (Liker, 2003).

Contital organization
See for yourself
Make decisions

e Orow leaders
People and e Respect, develop and challengeyour people
Partners *  Respect, develop and challenge your suppliers

Create process “flow” e Standardize tasks

Use pull systems »  Use visual control

Level outworkload »  Usze only tested technology
Stop the line

Process

* Basemanagement decisionsona

Flilosophy long-tetm philosophy

Figure 2 - Toyota production system pyramid

Source: (Liker, 2003)

Based on the fourteen principles of TPS, authors Womack & Jones (2010), defined five key lean

principles: value, value stream, flow, pull and perfection, shown in Figure 3 (McCarron, 2013).
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Figure 3 - Womack and Jones’ 5 Lean Principles

Source: (McCarron, 2013)

Toyota’s principles are more encompassing of all different areas of production. It provides detailed
guidelines including a guiding philosophy for the company, process principles, the people and
problem solving (Ohno, 1988). Meanwhile, Womack and Jones’ (2010) principles focus specifically

on process.

The base of the Toyota production system pyramid is a guiding philosophy. By having a guiding
philosophy, managers can align the entire organization towards a common purpose that is bigger
than any short-term goals (Ohno, 1988). For Womack and Jones’ (2010), the first principle is to
specify value, because it will create the guidelines for the production and where it can be improved

(Womack & Jones, 2010).

For Womack and Jones’ (2010), this is followed by mapping the value stream. By recognizing all
the steps that take the product from its raw materials to the final product, manufacturers can
identify which steps generate value for the customer. Those steps which do not generate value
must be questioned (Womack & Jones, 2010). Toyota’s principles, on the other hand, do not have
a value-stream mapping step, but their continuous improvement principle is considered essential,
and includes continuously identifying problems and waste in production to eliminate them (Liker,

2003).

Creating flow is present in both sets of principles, and is a part of the process step of the Toyota
pyramid. According to Liker (2003), creating a continuous process flow makes managers able to
link people and processes together, making it so that problems are identified and solved quickly,

and that no work sits idly by. According to Womack and Jones’ (2010), creating flow is making



sure that value-creating steps occur in a tight sequence. By doing that, it is ensured that no
interruptions, delays or bottlenecks happen, thus making the product flow smoothly to the

customer (Womack & Jones, 2010).

The process step of the Toyota pyramid is also made up of other principles, such as level out
workload, stop the line, standardize tasks, use visual control and use only tested technology.
Although Womack and Jones’ (2010) do not consider these key principles, they have a certain level
of importance. Stopping a culture of fixing problems, instead getting good quality right away,
through continuous quality assessments and by imbuing machines with the capability of

recognizing and stopping mistakes (Liker, 2003).

Standardizing tasks is used to control times and maintain a certain level of predictability and
regularity within the production system (Liker, 2003). Meanwhile, visual control aids employees in
identifying problems and making decision; technology is meant to support, and not replace, people,

and be used to maintain flow, instead of disrupting it (Liker, 2003; Ohno, 1988).

Implementing pull is the next step of Womack and Jones’ (2010) principles. Pull systems stem from
the just in time philosophy. It leads to controlled production and eliminates the need for
unnecessary inventory, which is expensive and takes time and space to manage (Ohno, 1988). For

Womack and Jones (2010), improving flow decreases time to market (Womack & Jones, 2010).

Work to perfection is the next step in Womack and Jones’ (2010) principles. It is also a guideline
of the Toyota principles. Striving towards perfection is seeking out the point where the company
generates zero waste, and products have perfect flow from factory to customer and through all the

steps in between (Womack & Jones, 2010).

The Toyota pyramid shows a complete picture of what Lean entails, from philosophy to action,
while Womack and Jones (2010) condensed it into the five key principles. These two views
complement each other, with Womack and Jones’ principles focusing more on action, as opposed

to philosophy (Bhasin, 2015).
2.3. Lean Perspectives

There are three perspectives on Lean and its implementation. The first is Shigeo Shingo’s, derived
from his industrial engineering background. Shingo’s main focus was on the flow of operations,
that should function smoothly as to avoid creating any inventory (Szwejczewski & Jones, 2012).
The second is Fujimoto’s evolutionary learning perspective. The author identifies three main points

of TPS: reliable standard methods, reliable standard problem-solving techniques and



experimentation. These three characteristics make up how lean was implemented at Toyota
(Fujimoto, 1999). Finally, the third perspective is H. Thomas Johnson’s. Toyota focuses on means,

rather than results. By implementing strategies based on process, the results follow naturally

(Johnson & Broms, 2011). Table 1 shows the three perpectives.

Table 1 - Lean Perspectives

Perspective Flow of Operations Evolutionary Learning Means, rather than results
Author Shigeo Shingo (Szwejezewski & Jones, (Fujimoto, 1999) (Johnson & Broms, 2011)
2012)

Description Is an Engineering perspective, Lean is  Lean is viewed as a standard learning Lean is focused on process
seen as a non-stock production — process, Fujimoto identifies three and then the results will
produce with minimal inventory. “The  characteristics, “reliable standard appear. The process is
longer anything is in the factory, the methods, reliable  problem-solving understood and are not

more it costs.” (Szwejczewski & Jones,

2012, p. 213)

techniques  and

(Fujimoto, 1999, p. 114)

experimentation.”

derived from the task.

Source: Author based on referenced papers and books

2.4. Lean Tools and the Industry

To achieve its goals to improve the manufacturing process, Lean Manufacturing is supported by a
set of tools, built to help managing all the aspects of lean and to propetly implement it in
companies, as well as provide continuous feedback, so that problems can be identified and fixed

(Pettersen, 2009). Different industries require different tools, according to their particular needs

(Alaskari et al., 2010).

Sumant and Patel (2014) analyzed the needs of different industries, and suggested that, 5S, Just in
Time, Kanban and Value Stream Mapping have major contribution in Industrial Sectors, and that
58S is the preferred waste elimination Lean tool. They also showed that different industrial sectors
frequently employ more than one tool, and that Six Sigma is often combined with other tools.
Additionally, the Textile, Automobile, Manufacturing, Process and MSME sectors are the ones that

more often employ the usage of Lean tools in their production (Sumant & Patel, 2014).

Shah and Ward (2003), have divided the lean tools in four bundles: Just-in-time (JIT), Total
Productive Maintenance (TPM), Total Quality Management (TQM) and Human Resources
Management (HRM). JIT tools are used to produce what the customer wants, when they want it,
in the quantities requested, where they want it, without it being delayed in inventory. TPM is an

approach to equipment maintenance that aims to achieve perfection in production, by eliminating



breakdowns, small stops, slow running and defects. It emphasizes the need for preventive
maintenance and the maximization of operational efficiency of equipment (Shah & Ward, 2003).
TQM tools help organizations identify and analyze qualitative and quantitative data that is relevant
to their businesses. They can identify issues relevant to their organizations and can be used to
enhance the effectiveness, efficiency and the overall quality of their procedures and processes (Shah
& Ward, 2003). In the fifth bundle, HRM, the tools are designed to manage people within the
organization, and are divided in three main fields, staffing, employee compensation and benefits,

and defining work (Shah & Ward, 2003).

On the other hand, Pinto (2009), divides the lean tools in six bundles (Pinto, 2009): i) Planning,
Operations and Logistics, ii) Disposal of Waste, iii) Identification and Resolution of Problems, iv)

Six Sigma Tools, v) Value Creation and vi) Theory of Constraints Tools.

Table 2 merges Pinto’s (2009) and Shah and Ward’s (2003) approaches to lean tools and details the

pool of tools inside each bundle.

Table 2 - Lean Tools in Bundles

(Shah & Ward, 2003) (Pinto, 2009) Lean Solutions
Kanban* | Hejjunka* | JIT/Pull system* | Hoshin kanri*
Andon & Visual management* | Poka-Yoke & Jidoka*

Planning, Operations and  Mizusumashi & Milk run* | Takt-time*

Logistics . . .
One piece flow | SOP - Sales and operations planning
JIT
Lean supermarket | Two bin system | Junjo
Good Housekeeping 5(+1)S* | Zero Defects*
Disposal of waste SMED e quick-changeover* | VSM*
7W | 3M | Waste registration and analysis
5W* | PDCA* | Ishikawa* | Flow chart*
Identification and 5W2H | ABC Analysis | A3 | Check sheet | TOPS/8D
TPM resolution of problems
Histogram of frequencies | OSKKK
SIPOC* | DMAIC/DMADV | Spaghett diagram*
Six Sigma Tools
SPC | SMART? | OEE* | DOE | Kano diagram
QFD* | Hourenson*
TQM
Value creation VOC & HOQ | Design for X | FMEA
Value Stream Analysis and Design (VSAD)
HRM Theory of constraints Bottlenecks | CRT | Conflict Resolution Diagram | FRT

tools NBR | PRT | TRT
* Main Lean Tools

Soutce: Author based on referenced papers and books and adapted from (Pinto, 2009; Shah & Watd, 2003)
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The Planning, Operations and Logistics tools make up part of Shah and Ward’s (2003), JIT bundle
and relate to planning the company’s operations and manufacturing processes, and the logistics in

order to decrease inventory (Pinto, 2009; Shah & Ward, 2003).

Disposal of Waste tools make up the rest of Shah and Ward’s (2003), JIT bundle, and focus on the

disposal of waste such as unnecessary inventory, decreasing lead-times, defects, and continuously

improving the identification and elimination of waste (Pinto, 2009; Shah & Ward, 2003).

Identification and Resolution of Problems is part of Shah & Ward’s (2003), TPM bundle. It aims
to identify and solve any issues, in order to achieve lean’s continuous improvement (Pinto, 2009;

Shah & Ward, 2003).

Six sigma tools are divided between the TPM and TQM bundles, and aim to eliminate defects while
systematically improving processes (Pinto, 2009; Shah & Ward, 2003). Creating value for the
customer is one of lean’s main goals. Six sigma tools aim to create more value by improving
productivity and creating a link between customers’ wants and needs and the production. These

tools fall under Shah & Ward’s (2003), TQM bundle (Pinto, 2009; Shah & Ward, 2003).

Theory of Constraints Tools are the same as Shah & Ward’s (2003), HRM tools. They are meant
to manage people and their relationship within the company (Pinto, 2009; Shah & Ward, 2003).

2.5. Lean Advantages & Risks

The main idea behind the implementation of Lean is the increase of value for the customers,
through the decrease of resources and elimination of waste. Therefore, it is evident that this

philosophy has its advantages (Ciarniené & VienaZindiené, 2012).

Melton (2005) lists six typical benefits of lean implementation: inventory reduction, lead times

reduction, rework reduction, increase of process understanding, less waste, cost reduction.

Lean Production presents multiple advantages and risks, as shown in Table 3.
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Table 3 - Adyantages & Risks of Lean Mannfacturing

Advantages Risks
With the reduction of waste, the
Client client receives only what carries Problems with Since Lean relies strongly on suppliers,
Satisfaction value for them. That generates client insatisfaction — one supplier failure can generate delays

bigger client satisfaction

Productivity increases because In order to maintain productivity, an
Productivity ~ production focuses on Productivity costs  initial investment is needed, which may
eliminating waste halt the process of implementation
Lean implementation demands Implementing Lean includes significant
Attitude significative attitude change, Lack of employee  changes in the production system, which
Changes which may prove challenging if acceptance can be met with resistance from
the company is not ready employees

Lean implementation leads to changes in

. e . High ' the wqu environment 'ar.ld mighF incur
Quality e el ’ implementation costs like employee training, buying new
costs machines or reconfiguring the factory
layout

Just in Time production
decreases delivery times, because
it does not allow for excess
inventory

Since Lean decreases inventory, the

Delivery times . . .
production becomes reliant on suppliers.

Supply issues
Source: (Melton, 2005)

2.6. Performance Management and Lean

Performance management consists in managing the accomplishment of any tasks ordered or
undertaken within a company (Mirea, 2013). In this process, managers work with employees to
determine goals, and measure results, aiming to affect the organization positively (Eaidgah et al.,

2016).

According to Eaidgah et al. (2016) there are three major elements in performance: Planning and

Implementation, Measurement, and Evaluation.

Planning and Implementation means defining goals, metrics and setting targets to be achieved by
the organization or specific employees. Planning and implementation is the basis for any successful
performance management because it sets the guiding lines for future actions (Eaidgah et al., 2016).
Once goals are set, measurement is essential to keep track of how tasks are being handled. It is

done using pre-determined metrics (Eaidgah et al., 2010).

Evaluation (assessing the tasks according to the pre-determined targets) is key to continuous
improvement, because it provides feedback to employees and managers alike, and can help redesign

future strategies and set new goals (Eaidgah et al., 2016).
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Lean tools are intimately related with performance (Behrouzi & Wong, 2011). The “pull” system
implemented through lean depends on a regular flow of work, which involves all of those on the
production line in a permanent effort to achieve perfection (Eaidgah et al., 2016). Given that
perfection is its ultimate goal, Lean also determines the continuous measurement of the

performance and improvement of the production process (Karim & Arif-Uz-Zaman, 2013).

The aim of Lean in terms of performance is cyclical improvement (Demeter, LLosonci, Matyusz, &
Jenei, 2009). Perfect flow depends on employees not only doing their job, but doing it seamlessly
enough so that any problems that arise can be immediately identified and fixed (Eaidgah et al.,

2016).

In order to reach organizational objectives and goals, companies have realized that performance
management is essential. Through it, organizations manage to establish the extent to which

activities within a specific process achieve their specified goals (Iuga, Kifor, & Rosca, 2015).

Measuring and managing performance is a system that requires key metrics. Performance
measurement should facilitate decision making and align actions with the company’s strategic
objectives, providing feedback on operational performance (Kibira, Brundage, Feng, & Mortis,
2018). The Key Performance Indicators (KPIs) are these metrics. To select the proper KPIs,
organizations must ensure that these are a good fit both with their competitive environment and
the organization’s goals and strategies (Iuga et al., 2015). However, determining performance
measures can prove challenging. While financial measures have been widely considered effective,
it is difficult to properly determine non-financial measures. Managers must consider the cause-and-

effect relationship in strategy when linking it with measures (Sanjay, 2008).

Lean management involves making decisions based on real data, and its indicators are a system that
allows decision-making based on the analysis of this data, information and objective evidence,
acquired through proper methods of quantification and estimation with minimal effort, in minimal
time and with minimal costs (Iuga et al., 2015). In implementing lean, an organization needs to
understand how key performance measures can guide and help the success of lean manufacturing
implementation (Tuga et al., 2015). Theoretically, leanness can also be measured by different lean
indicators, though there are differences in opinion regarding the relevance of this indicators

contributing towards the measure of lean practices (Susilawati, Tan, Bell, & Sarwar, 2013).

On Table 4, it is possible to see the main KPIs divided in two different sets of bundles.
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Table 4 - Main Key Performance Indicators

(Tuga et al., (Belekoukias Directions to implement Lean Main KPI's (Belekoukias et al., 2014;
2015) et al., 2014) KPIs management (Iuga et al., 2015) Tuga et al., 2015)
Moving Lead-time
Cycle-time
Select the KPIs taking into
consideration the possibility to be Process defects
managed directly at the production Plant efficiency
place
Fabric utilization ratio
VSM
Value added time ratio
Waiting Lead-time
Select the KPIs taking into
consideration the utility in process )
management Cycle-time
On-time delivery
Transport Implement standards: 89 and see/ Supplier on-time delivery
management by wandering around etc.
Dock-to-dock
On-time delivery
L Unit cost
JIT Select the KPIs taking into
Inventory . . o SRTTYT -
stocks) consideration the utility in processes Fabric utilization ratio
( management
Inventory turnover
Inventory level reduction
Productivity
Select the KPIs taking into Unit cost
Over- . . P
coduction consideration the utility in process
p management OEE
Facility/machine productivity
Select the KPIs taking into Facility/machine productivity
consideration the amount of human
TPM activity needed. Select the KPIs taking
Over- into consideration the investments in
processing special trainings needed. Select the KPIs OEE
taking into consideration the
investments in machines and software
needed
. Product defects
Select the KPIs that are familiar
Defects TOM at the shop floor and involve the Process defects
personnel
N° Rework
. %Customer satisfaction
Select the KPIs that are familiar
Others HRM at the shop floor and involve the %Employee satisfaction
personnel and Customer - —
%Employee education/training

Soutce: Author based on (Belekoukias et al., 2014; Iuga et al., 2015)

Iuga et al. (2015), divides the KPIs according to the seven types of waste: moving, waiting,

transport, inventory, over-production, over-processing, defects and other (Tuga et al., 2015). On
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the other hand, on Belekoukias et al. (2014), we can see a division of the main KPIs in the following

bundles: VSM, JIT, TPM, TQM and HRM (Belekoukias et al., 2014).

The first bundle is Moving. These KPIs relate mostly to how long certain processes take and
measures relating to time and value. Second, Waiting, also relates to time, specifically cycle and lead
times (Iuga et al., 2015). Moving and Waiting make up the VSM (Value Stream Mapping) bundle
from Belekoukias et al. (2014).

Transport relates to the logistics. It includes indicators on deliveries and dock-to-dock times. This
makes up part of Belekoukias et al. (2014), Just in Time (JIT) bundle. Next is Inventory, which
includes KPIs related to delivery times, raw materials needed and amount of stock needed. They

are also included in the JIT bundle (Belekoukias et al., 2014; Tuga et al., 2015).

Over-production KPIs fall both under JIT and Total Productive Maintenance (TPM) bundles.
These KPIs relate to the amount produced and general factory productivity. Over-processing KPIs

are included in the TPM bundle. These are related to machine productivity and effectiveness

(Belekoukias et al., 2014; Tuga et al., 2015).

The Defects and Total Quality Management (TQM) bundles are made up of the same indicators.
They relate to the rate of defects in product and process, as well as rework time (Belekoukias et al.,

2014; Tuga et al,, 2015).

Finally, the Others and Human Resources Management (HRM) bundles are also made up of the
same indicators, and relate to client and employee satisfaction and training (Belekoukias et al.,

2014).

It’s essential to highlight that some indicators, such as OEE, are also considered tools. Belekoukias

et al. (2014), uses it as a KPI, while others use it as a tool for Lean (Iannone & Nenni, 2013).
2.7. Performance Categories and Clusters according to Lean Philosophy

This section presents current literature’s findings regarding categories and clusters and brief reviews

of these concepts and their usage in existing research.

Categories are important within frameworks because they divide the KPIs into subjects. They are
used to facilitate visualization, allowing for easier referencing. According to Susilawati, Tan, Bell,
and Sarwar (2012), there are eight main categories in performance, divided according to which

aspect of the company the indicators impact. These are broader than clusters or dimensions. The
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categories found in the multidimensional framework proposed by Susilawati, Tan, Bell, and Sarwar

(2012) are:

Consumer issues: includes all KPIs that assess information which may impact consumer
experience with the product or brand, such as quality, delivery and customization, or how the

company is impacted by the consumer (Susilawati, Tan, Bell, & Sarwar, 2012).

Supplier issues: groups the KPIs related to supplier activities, such as quality of materials, supply

cost and distance between suppliers and manufacturers (Susilawati et al., 2012).

Manufacturing management: refers to all of the KPIs assessing the overall management of the
manufacturing process and the company, with the exception of efficiency. This category can

include KPIs relating to defects, scheduling, inventory and cycle times (Susilawati et al., 2012).

Internal management: this category groups KPIs related to internal company processes, such as

shop floor layout, delegations of functions and employee evaluation (Susilawati et al., 2012).

Research and development: the KPIs present in this category refer to all research done by the
company, including KPIs related to design, standardization and development (Susilawati et al.,

2012).

Manufacturing efficiency: refers to the KPIs related to the efficiency of the manufacturing

process, such as lead times, idle time and worker movement (Susilawati et al., 2012).

Learning perspective: this category groups KPIs related to training and visual aids within the

company (Susilawati et al., 2012).

Investment priority: groups the KPIs related to all investment actions, such as training investment

and research investment (Susilawati et al., 2012).

Clusters, often referred to as dimensions in literature, have been used by Pakdil and Leonard (2014),
to measure leanness through their study’s lean assessment tool. The clusters briefly presented below
were created using the lean production principles as a basis, correlated with the seven wastes

defined by Ohno (Pakdil & Leonard, 2014).

Wahab, Mukhtar and Sulaiman, (2013), also use dimensions in their work, though these are closely
related to those found in Pakdil and Leonard (2014). The findings of these two authors and their

categorizations are presented on Table 5.
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Table 5 - Clusters

Clusters

Time effectiveness

Quality

Process

Cost

Human resources

Delivery

Customer

Inventory

Visual Information

System

Product Development

and Technology

Description

This cluster groups all of the KPIs of time-related variables,
such lead or setup times. and includes all KPIs meant to

synchronize production and market demands.

KPIs related to defects, quality guarantees and reworks. It is
related to the defects waste and the lean expectation of quality

standards.

It groups KPIs related to machinery efficiency, maintenance,
space utilization and any other indicators which may affect
manufacturing processes, includes quality assurance, and all

machine and process related times, such as setup times.

Refers to the financial KPIs and was included due to their
importance for lean manufacturing, and the fact that many
authors add cost reduction as one of Lean’s benefits for

companies.

This is related to the over motion waste. KPIs such as labor
turnover, absenteeism rate and number of employers are

grouped under this cluster.

Refers to both internal and external activities, and is correlated
to the over handling waste. Internal processes, such as time
from one machine to another, transporting of raw materials
and unfinished products and external processes, such as

delivery.

KPIs in this cluster refer to client satisfaction and market share,
which are essential for any organization includes also delivery

related KPIs.

This cluster relates to the waste excess inventory. It groups
KPIs such as inventory, stock turnover rate and raw materials

rate.

Relates to the establishment of information flow within the
manufacturing company, through the direct access to this
information. It includes all KPIs geared towards these actions,

such as the number of products made.

Relates to the product development phase of manufacturing
and includes all KPIs linked to structure, materials and

technical solutions.

Source: Author based on referenced papers

Authors

(Pakdil & Leonard, 2014;
Wahab, Mukhtar, &
Sulaiman, 2013)
(Pakdil & Leonard, 2014;

Wahab et al., 2013)

(Pakdil & Leonard, 2014;
Wahab et al., 2013)

(Pakdil & Leonard, 2014;
Wahab et al., 2013)

(Pakdil & Leonard, 2014;
Wahab et al., 2013)

(Pakdil & Leonard, 2014;
Wahab et al., 2013)

(Pakdil & Leonard, 2014;

Wahab et al., 2013)

(Pakdil & Leonard, 2014;

Wahab et al., 2013)

(Wahab et al., 2013)

(Wahab et al., 2013)
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2.8. Current Theories on Performance Measurement

Conventional performance measurement systems have limitations. To overcome those, a number

of alternative approaches to performance management and assessment have been developed, like

Strategic Measurement and Reporting Technique (SMART), Balanced Score Card (BSC) and

Performance Measurement Questionnaire (PMQ)). They are designed to provide managers and

operators with relevant information (including non-financial aspects) to improve processes, one of

performance assessment’s key roles (Susilawati et al., 2013). Table 6 synthetizes the main

performance management systems.

Table 6 - Performance Measurement Systens

Balanced Scorecard
(BSC)

Dynamic multi-
dimensional
performance (DMP)

The Strategic
Measurement
Analysis and
Reporting Technique
(SMART)

Performance
Measurement
Questionnaire (PMQ)

Performance Prism

Integrated Dynamic
Performance
Measurement System
(IDPMS)

The Balance Scorecard offers four perspectives to the performance in an
organization: innovation and learning, financial, customer and internal
business. The BSC gathers data on core indicators at discrete time intervals
and the integration of an organization’s vision and its actions, but it can’t
view performance at manufacturing level, it struggles to measure long-term

results and can’t identify performance measurement at a specific level.

DMP is a multidimensional perspective that provides information to assess
an organization’s performance in multiple time horizons and examine
various research streams. This model has five major dimensions, Financial,

Customer, Process, People and Future.

“Strategic Measurement Analysis and Reporting Technique (SMART) is a
system developed by Wang Laboratories to integrate both financial and non-
financial performance indicators. This system is designed as a four-step
system that can integrate organization objectives with operational
performance indicators. However, it excludes continuous improvement.” (F.
Cross & L. Lynch, 2007)

The Performance Measurement Questionnaire was developed to assess the
existing performance measurements used in an organization. The PMQ
consists of two parts: the first, to evaluate specific improvement areas and
existing performance improvement; second, to evaluate the long-term
relevance of improvements achieved by the company. The identified three
improvement areas categories are: quality, labor efficiency and machine

efficiency.

The Performance Prism is a framework developed with five performance
perspectives: stakeholder satisfaction, strategies, processes, capabilities and
stakeholder contribution. Though it has a comprehensive external

organization view, it gives little less attention processes.

The IDPMS focuses on integrating three main areas of measurement:
management, process improvement teams and factory shop floor. This
framework can measure general and specific areas of success, utilization of
improvement and performance measurement reporting, but it can’t evaluate

the company’s overall performance score.

S. &P,
1996)

(Michael,
20006)

(F. Cross &
L. Lynch,
2007)

(Dixon,
Nanni, &
Vollmann,

1990)

(Dixon et
al., 1990;
Mike &
Andy,
2002)

(Ghalayini,
Noble, &
Crowe,
1997)
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The Integrated Performance Measurement System (IPMS) is a model with

Integrated four levels of performance management: corporate, business units, business (Umit,
Performance processes and activities. Though the IPMS has strength to drive continuous Allan, &

Measurement System = improvement, it doesn’t provide clear measurements in a logical order, Liam,

(IPMS) manage relationship between measures or provides a structured process 1997)

specifying objectives and timelines.

The EFQM is a self-assessment framework based on nine criteria, divided

between “enablers (leadership, people, policy and strategy, partnership and

European Foundation  ,cqqurces, and processes) and results (people results, customer results,

NiO;Quarﬂt}r;t society results, and key performance results).” (EFQM, 2009). It does not (%5891;/{’
anageme
(EF%M) involve external assessments or comparisons with competitors, and lacks

attention to flexible factors such as the implementation that might be
different between company’s type and the company maturity.

Soutrce: Author based on referenced papers and books

Undeniably, there are certain guidelines organizations need to consider when implementing
effective performance measurement systems. Frequently, organizations use generic measures,
which are sometimes irrelevant. The challenge is choosing the right measures for each level of the

organization (Sanjay, 2008).

Lean’s benefits are difficult to quantify. Performance measures can help a company develop its
productivity and quickly identify and eliminate problems, thus achieving superior results. However,
many companies focus on performance measures related to internal processes, but with no ties to
customer needs in their respective targeted markets, misguiding the company’s actions (Sanjay,

2008).

Companies need to not only recognize the importance of key performance measures, but also know
that in order to achieve better results they should install a system that can provide a full assessment
of the company’s current situation, its issues and what remedial actions should be taken (Sanjay,

2008).
2.9. Performance Measuring Frameworks to fit Lean

There are studies concerning theories of performance measuring systems appropriate to fit lean,
the similar studies of this research. Table 7 includes these studies, their respective aims, conclusions

and their limitations and future applications.
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Table 7 - Performance Measuring Frameworks to fit Lean

Author(s) Aim of the study Main Conclusions Limitations / Future
Applications
- Investigates the impact of - JIT and automation have the - Provides further evidence
five essential strongest significance on regarding the effects that
(Belekoukias lean methods, on operational performance; lean practices have on the
erformance measures. . erformance of
etal,2014) P - Kaizgen, TPM and VSM seem to P
. organizations.
have a lesser, or even negative,
effect on it.
- Lean Production’s main - Develops a Visual Performance - PMS needs to be
(Gama & characteristics; Measuring Model. adequate to the
i organization aiming to
Cavenaghi,  _ performance Measurement & &
implement principles of
2009) System that has adherence P prnetp
lean production.
to lean management model.
- Presents an integrated - Adoption of the IDPMS is an - A complete
dynamic performance incremental process. implementation of the
(Ghalayini et measurement system IDPMS would require
al., 1997) (IDPMS) adoption of the half-life
concept for setting
improvement objectives.
- The need for organizations - Creates a DMP framework - Organizations need to
to adopt a more holistic and  embracing five dimension”; promote a portfolio of
comprehensive approach to . measures directed at both
P pp - “more robust than its
(Sanjay, performance measurement the internal and external
predecessors;
2008) on Lean environments.
- stresses the need to utilize a
smaller set of multidimensional
metrics.
- Propose a Performance - Proposes a framework that could - Within the current PMS
. . Measurement and be applicable in real models there is relatively
(Susilawati ; ; ; ) ;
Improvement System implementation by lean less information which
et al., 2013)

(PMIS) framework for lean

manufacturing practice.

manufacturing

companies.(Susilawati et al., 2013)

specifically addresses PMS

for lean manufacturing.

Soutce: Author based on referenced papers
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It is possible to notice, however, that all but one of the studies showed a redundancy about the
interaction of lean and performance, some of the studies did not consider lean, while others

consider it only partially.

Existing frameworks either consider few aspects of Lean, or none at all. Gama and Cavenagha
(2009) construct a visual model for performance, restricting it to production, and do not build a
tangible framework. Sanjay (2008) proposes a dynamic framework to measure performance, but
considers just five dimensions, using smaller, multidimensional metrics. Susilawati et al. (2013)
don’t include all of the dimensions of lean, while Belekoukias et al. (2014) only consider five lean

methods to measure performance.
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3. Methodological Considerations

This chapter presents a detailed account of the methodology adopted to conduct this research. It
reviews the methodological aspects considered in similar studies, followed by the steps of a

conceptual literature review.
3.1. Conceptual Review

Conceptual reviews address issues such as the existence of clashing discoveries in literature by
synthetizing areas of conceptual knowledge (Petticrew & Roberts, 2008). The aim of a conceptual
literature review is to present key aspects and ideas of the theme discussed, highlighting the
significance of past research in constructing a new conceptual framework (Baumeister & Leary,
1997). This dissertation contributes to existing research by adopting this method in order to

propose a new performance measurement framework to fit lean.
3.1.1.Scoping

Many major businesses have been trying to adopt lean philosophy, but firms fail to develop
performance measurement metrics needed to evaluate their improvement (Karim & Arif-Uz-
Zaman, 2013). The main aim of the dissertation is to develop a new Performance Measurement

Framework to fit Lean, in order to answer the following research question:

RQ: “What is the best way to measure performance in a Manufacturing environment wherein Lean

has been implementedr”
The main research question must be supported by secondary questions, presented below:

SRQ1: “How do traditional Performance Measurement Systems need to change to adequate to

lean?”

SRQ2: “Which key performance indicators are the most used by companiesr”

- “Which Lean tools are the most used?”

- “Which KPIs are the most used in these tools?”

A few studies have been made in that particular subject, some more similar than others. The
following table (Table 8) presents the main methodological aspects of studies with similar

characteristics to this one.
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Table 8 - Methodological aspects of similar studies

Author(s)

Gama, K.T;
Cavenaghi, V.
(2009)

Sanjay Bhasin,
(2008)

Susilawati et al,

(2013)

Belekoukias et al,
(2014)

Ghalayini et al,
(1995)

Country

Several

United Kingdom

Indonesia

Several

United States of America

Sector

Generalized

Generalized

Manufacturing

Manufacturing

Manufacturing

Methodology

Literature Review

Literature Review

Literature Review

Hypothesis Testing

Case Study

Source: Author based on referenced papers

3.1.2. Planning

Data

Sources

Online

articles
Books

Online

articles
Books

Online

articles
Books

Surveys

Company
Data

Table 9 shows the breakdown of the research questions and the research criteria. As case studies

aim to assess and detail the reality of specific issues and their solutions, these documents were

chosen as sources for this research. This choice deliberately aimed to create a framework that

propetly reflects the reality of manufacturing companies All case studies found that matched the

criteria were considered in the study, in order to validate it.
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Table 9 - Research protocol

Research protocol

Keywords Primary Secondary Tertiary
Lean, Performance Case Study, Case Studies, Performance Framework,
Indicators, Manufacturing Performance Measurement,
Tools, KPI

Boolean operator AND and OR

Data base Web of Knowledge, SCOPUS, EMERALD, EBSCO, b-on

Inclusion criteria  Relevant to the topic, Manufacturing environment, Lean related, Performance related, Case

studies related with lean indicators and performance indicators

Exclusion Organization Sector, Service Sector, Non-Lean related, Non-performance related, Patents and
criteria citations are excluded

Language Portuguese, English, French, Spanish

Document type Case studies

Publication years no filters

Source: Author

3.1.3. Identification (Searching)

Search terms are used to search in the different (relevant) electronic databases, mentioned on the
search protocol. The results were carefully inspected, and, additional searches were conducted on
a need basis, to ensure that is located all potentially relevant published work. A total of 15570

articles were found in the initial searching process.
3.1.4. Screening

After scanning the titles and abstracts of works searched, the researcher decided whether or not
the articles were to be included in the research (F. Baumeister, 2013). Case studies done in
manufacturing industries, relating to the use of lean tools, performance and the relationship
between these two concepts were selected. After the screening process, a total of 583 articles were

considered fitting for the research.
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3.1.5. Eligibility

Case studies related to lean manufacturing and performance evaluations were considered eligible,

as long as they contained the following information:

- Were conducted within a manufacturing sector, industry or organization;
- Were successful in achieving the desired or proposed results;

- How individual lean tools impact performance;

- Which area(s) of performance is (are) directly impacted,;

- Which indicators are directly affected;

Only studies that were successful in achieving their desired results were considered, because the
information from unsuccessful cases wouldn’t be considered valid in terms of lean tools
appropriately impacting performance and wouldn’t propetly reflect reality. After this process, 302

case studies were found eligible. Figure 4 represents the Research diagram.

Research Diagram Scoping

Research databases g{febngg Scopus b-On
Identification (Searching) 1360 pap; ?730 paperT '75980 pa};
Searching between results 924 papers 2659 papers 1341 papers
Screening 583 papers

Eligibility 302 papers

Figure 4 - Research Diagram

Source: Author

Additionally, the author also used this phase to decide which tools would be considered. Once the
case studies had been gathered, it was concluded that many of the presented work techniques that,
although not formally considered /an tools, worked towards the achievement of lean goals or in
connection with lean tools. These were, therefore, considered as part of the group of tools,

philosophies and work techniques.
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3.1.6. Decide Between Quantitative or Qualitative Research Synthesis

Table 10 shows, according to F. Baumeister (2013) and Petticrew and Roberts (2008), when a

qualitative and quantitative review synthesis is appropriated.

Table 10 - Quantitative or Qualitative Research Synthesis

Qualitative Reviews Quantitative Reviews
(F. Baumeister, 2013) (Petticrew & Roberts, 2008)
- A group of studies are so methodologically diverse as to make meta- | - Central tendency researches;

analytic aggregation impractical; Pre/post contrast
- Pre/post contrasts;

- Conceptual and methodological approaches to research on a topic have .. .
p S PP P - Association between variables;

changed over time and you argue that there is benefit in reviewing all of
. - Measurement research;
this research;

. o . - Individual differences research.
- When developing a new theory or critiquing one or more existing

theories;

- When reviewing measurement approaches in a particular literature

Source: Author based on referenced papers

This dissertation will adopt a combined approach, using both qualitative and quantitative synthesis
to evaluate different parts of the work. A qualitative approach will be primarily used in order to

identify, evaluate and choose the following:

- An appropriate base model for the performance measurement framework;
- Performance categories;

- Performance clusters

A quantitative approach, namely a frequency analysis, will be applied to the key performance
indicators, according to their recorded usage in case studies and their relationship with Lean tools,

philosophies and work techniques.
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4. Results

This chapter will present the results of the investigation. It begins by introducing the design of the
framework, then the frequency analyses of indicators and tools. It, then, presents the finished
framework, its relationship with other existing performance measurement systems and

recommendations for implementation.
4.1. Performance Measurement System Design

A total of 302 case studies were considered valid for the research. As these were conducted in
various settings within manufacturing companies, ranging from environmental impact to
manufacturing efficiency, a table containing the subjects and authors of each of these case studies

was built (inserted in appendix A).

Figure 5 shows the number of articles found according to the year, from 1996 to 2018. The
evolution of the number of papers published shows an expected behavior, as Lean (as an academic

subject) only started gaining traction in the 90s (Dekier, 2012).
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Figure 5 - Case studies years distribution

Source: Author

Table 11 shows a condensed view of existing performance measurement models and the
characteristics of each one. It was created based on Table 6 (found on the literature review), in
order to make it possible to analyze the key aspects of these models and choose the best one as a

base.
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Table 11 - Performance measurement models characteristics

- 4 perspectives: innovation and learning, financial, customer
and internal business;

- Gathers data on core indicators at discrete time intervals;
Balanced Scorecard (BSC) - Integration of an organization’s vision and its actions;
- Can’t view performance at manufacturing level;
- Struggles to measure long-term results;
- Can’tidentify performance measurement at a specific level.
- 5 dimensions: Financial, Customer, Process, People and
Dynamic multi-dimensional Future;

petformance (DMP) - Assess performance in multiple time horizons;

- Various research streams.

- Integrate both financial and non-financial performance

The Strategic Measurement Analysis indicators;

and Reporting Technique (SMART) - Integrate organization objectives with operational
performance indicators;

- Excludes continuous improvement.

- Evaluate specific improvement areas and existing

Performance Measurement performance improvement;

sl aie (FL0) - Evaluate the long-term relevance of improvements

achieved by the company.
- Five performance perspectives: stakeholder satisfaction,
strategies, Processes, capabilities and stakeholder
Performance Prism contribution;
- Comprehensive external organization view;
- It gives little less attention to processes.

- Integrate three main areas of measurement: management,

Integrated Dynamic Performance process Improvement teams and factory shop floot;
Measurement System (IDPMS) - Can measure general and specific areas of success;
- Can’t evaluate the company’s overall performance score.
|y P

- FPour levels of performance management: corporate,

Integrated Performance Measurement business units, business processes and activities;
System (IPMS) - Has strength to drive continuous improvement;
- Doesn’t provide clear measurements in a logical order.

- Self-assessment framework based on nine criteria;
European Foundation for Quality

- It does not involve external assessments or comparisons
Management (EFQM)

with competitors;
- Lacks attention to be flexible.
Source: Author

It is possible to conclude that although the BSC presents four perspectives, it lacks a view of the
manufacturing level and struggles with measuring long-term results. The DMP also has multiple
dimensions and assesses performances in different time horizons. SMART excludes continuous
improvement. PMQ focuses on specific areas and performance improvement. Performance Prism
focuses less on processes. IDPMS is hindered by the fact that it can’t evaluate overall performance.
IPMS, on the other hand, can drive continuous improvement. EFQM isn’t as flexible as other

systems.
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For the framework, an adaptation of IPMS was chosen, as these model is dynamic, provide active
monitoring and works well with Lean (Umit et al., 1997). After an analysis of the key characteristics
of each model, the researcher chose to use IPMS. It would be possible to use a variation of IPMS,
DMP or IDPMS, but the fact that IPMS works with continuous improvement (Umit et al., 1997)
was a deciding factor in its usage for this framework. IPMS is also composed of four levels
(corporate, business units, business process, activities), which will be modified to reflect the reality

of Lean and this framework.

In order to identify the main measures included in the PMS, both the objectives of performance
measurement and the characteristics of lean manufacturing are considered. To define the KPIs
used in a framework, there are two different approaches, the bottom-up and top-down. The
bottom-up starts with identifying current and necessary metrics and then assembling them into a

new KPI (Kibira et al., 2018).

For this dissertation, the author has reviewed all the case studies contained in the 302 papers that
fulfilled the eligible criteria. In order to validate them, indicators had to be related to either a lean
tool, lean principle or work technique that led to the achievement of a Lean goal. It’s important to
note that a few of the indicators could also appear as lean tools, as is the case of OEE — Overall
Equipment Efficiency, which is considered both an indicator and a tool (Kang, Zhao, Li, & Horst,
2010).

Before a more detailed analysis, a total of 889 indicators were found. Once these had been screened,
by grouping similar indicators and deleting those that were not relevant or didn’t fulfill the
aforementioned requirements, a total of 421 indicators were accepted as key performance

indicators.

After listing all indicators found, they were generalized and analyzed to match the KPI criteria and
similar indicators were grouped under an all-encompassing tag (e.g. a case study might present the
number of white boards produced, which the researcher will then generalize as “number of items

produced”). A frequency analysis was then conducted.

The indicators which appear in case studies were considered as the key performance indicators, in
accordance with their frequency. Indicators were accepted as key in spite of their low frequency

due to the specificity of certain case studies and the inexistence of similar indicators.

In order to be considered valid, indicators had to fulfill one or more the requirements presented

on Table 12.
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Table 12 - KPI's Requirements

KPIs should be aligned with the organizational goals of the
Dedicated to organizational goals
companies.

It is essential that data gathered by KPIs has quality and
Data reliability and complexity
provides complete and correct information.

Dynamic Real time performance depends on dynamic measures.

. . Indicators should be suitable for either short and long-term
Time horizon i
strategies.

Easy to understand KPIs have to be simple to measure, monitor and analyze.

. . KPIs must consider either technical or social aspects of the
Socio-technical
company.

Indicators that measure the same thing, but have slightly
Duplication
different names, have to be deleted.

Source: Author based on (Kibira et al., 2018)

Considering these characteristics, an analysis of the 889 KPIs found was conducted. Once these
were screened, a list of 421 KPIs that were found eligible for the framework was compiled in a

Table inserted in Appendix B.

After defining all of the key performance indicators, the researcher grouped then into lean

performance clusters, which in turn were be divided among categories.

Performance clusters were taken from literature. These clusters consider different aspects of
production and aim to subdivide the categories as to further detail the usage of each KPI, making

the framework more meticulous.

Due to the existence of environment-specific indicators, which did not fit any of the preexisting
clusters, the researcher saw the need to create a new cluster, which has not been found in literature.
The existence of multiple case studies relating lean manufacturing to environmental issues further
highlighted this need. Thus, the cluster “Green and Sustainability” was created based on a perceived

lack of an environment-specific subcategory.

It is important to note, however, that these clusters won’t all appear in every category. Due to
disparaging subjects (e.g. the “Green and Sustainability” cluster doesn’t appear on the “Customer”
category, due to the inexistence, in this research, of KPIs that would fit into this combination of

cluster and category). The clusters used in the framework are detailed below on Table 14.

30



Table 13 - Clusters of Proposed Framenork
Time effectiveness Groups the KPIs relating to time of operations and actions, such lead or setup times.

Brings together the KPIs related to defects, quality guarantees and reworks, and arises

Quality ) '

from Lean’s continuous search towards perfection.
Process Refers to the indicators related to operational practices.

Refers to financial KPIs, dividing all cost related KPIs according to their primary
Cost

function within the company.

This cluster groups the KPIs related to the workforce and HR issues, such as labor
Human resources
turnovet.

This cluster refers to activities, correlated to the handling and delivery of materials,

Delivery ) .

finished goods and supplies.

Refers to client satisfaction and market share, and any issues that may arise with
Customer

customers.

Groups the KPIs related to inventory and the usage of space and resources related
Inventory )

to it.
Visual Information Relates to the establishment of information flow within the manufacturing company,
System through the direct access to this information.
Product Development Groups the KPIs referring to the product development stage of production.
and Technology

Green and Sustainability =~ Groups the KPIs related to environmental waste, research and impact.

Source: Author

Case studies were analyzed and, depending on how the indicators were used, they were assigned to
clusters and categories. As case studies detail why the indicators were used and to which section(s)
of the companies they were applied, it was possible to fit them into the corresponding clusters.

Indicators, then, might belong to one or more clusters.

Originally, IPMS is composed of four categories, or levels: corporate, business units, business
processes and activities. However, these did not propetly fit the goals of this idealized performance
framework. As measurements usually start with core competences of the organization, and this
research deals with Lean companies, a new set of Lean categories had to defined. Considering the

goals of the researcher and the data gathered, new categories were defined.

These performance categories were taken from literature and are divided according to different

areas within companies. These aim to group KPIs according to how they affect and pertain to these
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areas. The performance categories detailed on Table 15 are not a complete change from the

traditional IPMS levels, but a more detailed version of those, that aim to present a more complete

picture of organizations, considering continuous improvement.

Table 14 - Categories of Proposed Framework

Consumer issues

Supplier issues

Manufacturing management

Internal management

Research and development

Manufacturing efficiency

Learning perspective

Investment priority

Includes KPIs that may affect the customer directly, or their relationship with the

company.

Groups the KPIs that pertain to the relationship with the suppliers and supplier
activity.

KPIs that assess the overall management of the manufacturing process.

Groups KPIs related to internal company processes, visual management and the

employees.

As the name suggests, this category refers to KPIs related to research and the

development of new products.

KPIs related to the efficiency of the manufacturing process, time management,

production and productivity.
KPIs that pertain to training and visual aids within the company.
Groups KPIs related to all investment actions.

Source: Author

Figure 6 graphically represents how the framework is divided.

PMS for Lean

Organization

A v A

Category Category

N

Cluster

Figure 6 - Framework design

Source: Author

32



4.2. Frequency of Indicators

Figure 7 presents a frequency analysis of the indicators. It shows how many times the indicators
appeared on the papers, and how many times they interacted (when a indicator is used with a
technique) with Lean tools, philosophies and work techniques. However, given the big number of
indicators, the table only shows those that were found in over 4% of the 302 cases and in over

20% that were most frequently interacted with lean tools, philosophies and work techniques.
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Source: Author

It is possible to see that cycle-time, defects rate and lead-time had the highest frequency, and were
utilized in about 50% of the papers analyzed and 19% of the tools, philosophies an work

techniques, respectively.

Indicators related to time were, in fact, amongst those most frequent, alongside other basic

performance measurement indicators, such as “defects ratio”, “takt time”, “inventory level”,

2 << 2> <«

“productivity ratio”, “process time”, “changeover time”, amongst others.

In contrast, the least frequent KPI found was “investment in HR”, found in less than 0.32% of the

studies analyzed (not shown in Figure 7).

Regarding the tools, philosophies and work techniques, the three least frequent were “n°® of new

2 <<

products”, “equipment cost” and “% of waste”. In spite of Lean’s preoccupation with waste, it is

curious to notice that “% of waste” was the least frequent indicator in relation with lean tools, but
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that might be explained by the use of other, more detailed indicators to measure different kinds of

< 2 <cC

waste (e.g. “cycle time”, “wait time”, “value/non-value added time” etc.).

This, however, does not mean that some indicators are more important than others. Indicators
with a lower frequency rate are necessary for specific issues and were found only in specific case
studies. Meanwhile, base indicators are used in a wider array of lean manufacturing-related studies,

as they are present in multiple manufacturing situations.
4.3. Most Used Lean Tools, Philosophies, Work Techniques and Principles

From the 302 case studies considered valid, a total of 88 Lean tools, philosophies and work
techniques were identified. The table below (Table 16) shows all of the tools, philosophies and

work techniques found.

Table 15 - Lean Tools, Philosophies and Work Technigues

58 Digitalization Lean ABC-TOC SIPOC
5 Why's DMAIC Lean Office Six Sigma
5C's DOE LEMS SMED
5W1H Employee Cross-training Line Balancing Spaghetti diagram
6S FIFO LPD Spiderman
7 Quality Tools Flow Charts LRCDA SREDIM
7MP Tools FMEA MDT Standardization
TW's Gap Analysis Milk-Run Supermarket
A3 Report Heijunka Mizumashi SWAN
Andon Hoshin Karin MMSUR Team Improvement
ANOVA House of Quality OEE Time Analysis
Automation IDEF0 Operation Times Chart TISM
Axiomatic design ILP Model Pareto Analysis TOPS
Bayesian Belief Networks Jidoka PDCA TPM
BSC JIT Plug & Lean CiMo Framework TQM
Cause-effect Diagram Raizen Poke-Yoke TRIZ
Cellular Manufacturing Raizen Workshops Power Model - Learning Curve VA/NVA Analysis
CEFS Kanban QFD VASA Model
CONWIP KANO QIP Visual Management
Cross-functional Flow Chart Layout Redesign Quotation Analysis VSC
Cyclical schedules LCA SBCE VSM
DFMA LCM Shingo Assessment Waste Analysis

Source: Author
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Figure 8 details the usage of Lean tools, philosophies and work techniques according to two things:
the number of interactions within case studies (i.e. the number of times case studies interact with
tools, philosophies and work techniques) and the number of indicators that were used for each

tool, philosophy and work technique. A total of 5820 interactions and 421 indicators were

considered.
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Figure 8 - Usage of Lean tools, philosophies and work techniques

Source: Author

VSM showed both the largest amount of indicator usage and case interactions representing more
than 18% of the cases interactions and use more than 50% of the 421 indicators, meaning that it

used a wider array of indicators, and appeared in a larger number of case studies.

Amongst the most used tools, philosophies and work techniques are also 5S, Kanban and Kaizen,
with Kanban and Kaizen showing a slightly smaller number of case interactions than 58, but Kaigen

with a larger frequency of indicator usage.

The figure below (Figure 9) follows the same organization as Figure 8, but with the five principles

of Lean. It shows the frequency of lean principles by case interactions and indicator usage.
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Figure 9 - Usage of Lean Principles

Source: Author

Although Lean states that all of its principles should be applied by companies, it is possible to see
that this does not happen. Work to Perfection showed the highest number in both categories,
closely followed by Establish Flow. The image also shows that while Work to Perfection is the

most applied lean principle, the other four principles are more congruent amongst themselves.
4.4. Usage of indicators per Lean tool, philosophy or work technique

This section shows the most used indicators per lean tool, philosophy or work technique. However,
only the ten most used tools, philosophies and work techniques will be detailed, as well as the ten
most used indicators by each tool, philosophy or work technique. This analyses can help
researchers better grasp the importance and usage of indicators according to the Lean tools and

techniques applied within the company.

The following figure (Figure 10) will illustrate the usage of indicators per lean tool, philosophy or

work technique.
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TPM Six Sigma
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Figure 10 - Usage of indicators per Lean tool or philosophy

Source: Author

Figure 10 represents the frequency of each indicator per Lean tools, work techniques or

philosophies.

Value-stream Mapping was the most used lean tool out of those analyzed. It showed the highest
number of interactions and the largest usage rate of tools. On Figure 10 is possible to notice the
ten most used indicators by this tool. Cycle time and lead time appear at the top, while technological

capability (not shown in Figure 10) was the least used.

Regarding 5S, in congruence with the tools’ goals, inventory level shows at the top, followed by

lead time, while demand variability (not shown in Figure 10) was the least used.

On Kanban, inventory level once again appeared as the most used tool, followed by cycle time,

while competitive cost (not shown) was the least used.

Regarding Kazzen, in accordance with this philosophy’s goals of continuous improvement,
inventory level and defects ratio appear as the most used, while environmental performance (not

shown) was the least used. However, this is due to its specificity to environmental issues.

For SMED, unsurprisingly, set-up time and inventory level appear at the top, while customer

quality expectation (not shown) was the least used.

Considering layout redesign, lead time and cycle time appear most frequently, while skill level (not

shown) was the least used.
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For JIT, inventory levels appear most frequently, in accordance with the philosophy’s goals,

followed by cycle time, while insurance costs (not shown) was the least used.

Regarding TPM, downtime and production rate appear most frequently, while new product

development success rate (not shown) appeared less frequently.

On standardization, once again, cycle time and lead time appear most frequently, while

environmental cost (not shown) appeared less frequently.

Finally, on Six Sigma, defects ratio appeared most frequently, followed by inventory level, while

employee capability (not shown) appeared less frequently.

Considering the objectives and goals of the tools, philosophies and work techniques presented

above, the indicators presented on the analysis are in accordance with the expectations.
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5. Proposed Performance Measurement System to fit Lean

This chapter will formally present the proposed framework. It begins with a graphical
representation of the framework, followed by a more detailed graphic representation with most
important KPI’s within their respective clusters and categories. It then shows the possible relations
between the proposed frameworks and other performance measurement systems and possible

adaptations that would allow the integration of the proposed framework with existing systems.

Finally, the chapter closes with recommendations for implementations of the framework in real-
life contexts and some proposed tools, philosophies and work techniques reach the objectives of

KPT’s.
5.1. Framework and Structure, and KPI’s

Due to how extensive the framework is, not all the KPI’s will be presented only the overall top
four used KPI’s will be shown on the graphic representation (Figure 12 and Figure 13), on
Appendix C it is possible to see the detailed categories and clusters with the respective KPI’s
ordered by their overall usage. Firstly, however, the structure of the framework is presented in

Figure 11, on the next page.

This framework paints a general picture of KPIs and their usage. However, organizations must
adapt and choose KPIs according to their reality and organizational goals, eliminating or adding
new KPIs according to their needs. Furthermore, the same KPI might fit more than one cluster or

category, and the framework represents that accordingly.
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Figure 11 - Proposed Performance Measurement System Framework
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5.2. Relations with others Performance Measure Systems

The framework built by this research aims to be integrated and dynamic. Due to these

characteristics, it is possible to correlate it with other performance systems, such as BSC or DMP.

What that means, practically, is that the categories present in the framework are flexible, and can
be integrated into the BSC perspectives (innovation and learning, financial, customer, internal

business) or DMP dimensions (financial, customer, process, people, future).

For example, if one of the company’s goals in the BSC is to improve production process time, they
can easily refer to the manufacturing efficiency category of the proposed framework, go to the
“process” cluster and transport it to the correlated BSC perspective (in this case, internal business).

This gives the BSC a new continuous improvement characteristic, which it did not have thus far.

The same can be applied to DMP. Using the same choice process as the example above, the
company could transport the cluster needed to the correlated DMP dimension (in this case,

process).

Finally, it is known that the BSC is the most used framework for companies at the moment, due
to the possibility of integration between an organization’