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Abstract: Nowadays business environment is very unstable, complex and requires a quick response
from the companies, with a better allocation of their scarce resources, and a clearer strategic focus. The
Lean Manufacturing requires that companies make the best use of their resources eliminating wastes.
In this research, in order to evaluate the level of implementation of Lean tools in the companies located
in the North of Portugal, an online survey was conducted. Results show that the 5S and TPM methods
are the ones that have higher progress of implementation, and the Kanban tool has a lower level.

Keywords: Lean Management, 5S, Kanban, Kaizen, Just in time
1 INTRODUCTION

The instability of the business market and the growth of companies supply chain has been
improved the organization's performance to become more efficient, flexible and faster to
answer first to the changes in the business environments.

Lean Manufacturing plays an important role in supporting companies to overcome
environmental, social and economic impacts attributed to the production processes, which has
been a major concern for the industrial sector lately.

The Lean philosophy promotes efficiency and elimination of waste, focusing on a high
customer service level. Based on that, Lean tools have been adopted by many companies to
best improve their operations. Implementation of Lean manufacturing tools in any type of
organizations can bring many benefits, such as waste reduction and improving operating
efficiency [2]-[6]. This shows that Lean is not limited to one type or size of the company, but
rather all types, sizes and industries that attempt to increase their competitive advantages,
operations and profits in the regional and global markets [2]. However, in the literature, some
studies were made suggesting that the implementation of the Lean Manufacturing concepts in
industries are different in function of their dimension.

In this research, to evaluate the level of implementation of Lean tools in different types and
dimension companies, an online survey was conducted with a set of companies from the North
of Portugal. Then, Lean issues and practices such as Kaizen philosophy, 5S (Sort/Set in
order/Shine/Standardize/Sustain), Total Productive Maintenance (TPM), Kanban, Just in time
(JIT), stock reduction, Kaizen circles and collaboration with suppliers were analysed.
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2 LITERATURE REVIEW

Lean Manufacturing is focused on the reduction of waste and improvement of operational
efficiency using a set of different tools to get these objectives. Many of these tools can be
successfully used in isolation, which makes it much easier to get started, but on the other hand,
the benefits will propagate as more tools are used, as they do support and reinforce each other.

In the literature, some studies demonstrate the influence of the application of the Lean
methods and tools in different performance indicators: Belekoukias et al.[9] have analysed the
impact of Lean methods and tools on the operational performance of manufacturing
organisations and the results indicate that JIT and Autonomation have the strongest
significance on operational performance while Kaizen, TPM and value stream mapping (VSM)
seem to have a lesser, or even negative, effect on it. More recently Garza-Reyes et al. [10]
investigate the effect of the same five essential Lean methods, i.e., JIT, Autonomation,
Kaizen/continuous improvement, TPM and VSM, on four commonly used indicators for the
compliance of environmental performance, i.e., material use, energy consumption, non-
product output, and pollutant releases.

Regarding the implementation of the Lean tools based on the companies’ dimension, the
large amount of research was focused on large scale organizations. More recently, the research
on Lean concepts applications in Small, Medium Enterprises (SME) is increasing ([2], [12],
[13]), due to the existence of a large number of these organization in the global territory [8].

There are many Lean methods and tools that can be used to improve the organization's
performance. One of these consists in the JIT method [14]; the authors suggest that JIT is
playing a significant role to achieve a high service level at a minimum cost. As mentioned, the
TPM and Kaizen/continuous improvement methods also have a huge impact on the
organization's performance. Different tools are used to implement these methods. The 5S, for
example, is a simple tool which develops discipline and cleanliness at the workplace,
maximizing efficiency and productivity.

Another important aspect related to Lean implementation is related to the close relationship
between human resources and all the supply chain elements (suppliers, partners, and clients).
The involvement of the top managers and the engagement of the workers in the implementation
process is very important to get the performance objectives intended [15].

To evaluate the level of implementation of Lean tools in different companies dimension, in
the North of Portugal, a survey was developed. It was implemented to a sample of 120
organizations, from micro to large scale dimension, focusing in a specific group of 9 methods
and tools identified as Engagement of workers, Continuous Improvement, 5S, TPM, Kanban,
JIT, Stock Reduction, Kaizen Circles, and Suppliers Relationship.

3 METHODOLOGY

To study the level of implementation of lean procedures in a set of Portuguese companies, a
survey was conducted. The questionnaire was designed based on the work developed by
Jabbour et al. [16]. The questionnaire consisted of two parts; the first contains general questions
about the characterization of the companies, such as dimension, number of employees related
to logistics, and turnover. The second part, the main one, consists of nine Lean attributes (Table
1). Each company was asked to rate their level of implementation of lean practices, with each
item on a five-level Likert scale, from 1 (Not implemented) to 5 (Completely implemented).

The sample taken is a convenient one due to time and budget constraints. Companies were
asked their willingness to fill out the questionnaire, published online through Google Docs
forms, and 102 answers were obtained from multisector companies.
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Table 1: Level of "Lean Management" practices

Question | Description

LMI Engagement of workers

LM2 Continuous improvement

LM3 58S (Sort/Set in order/Shine/Standardize/Sustain)

LM4 Total productive maintenance (TPM)

LM5 Kanban (pull system)

LM6 Just in Time (JIT)

LM7 Stock reduction

LM8 Kaizen Circle (discussion groups to improve processes)
LMY Collaboration with suppliers

4 ANALYSIS OF THE RESULTS

An analysis and discussion of the results were made, using a statistical approach through the
software IBM SPSS version 24.

4.1 Sample characterization
The selected companies had a large spectre of characteristics, as summarized in Table 2. The
results showed that the dimension of the companies related to the number of workers is very
heterogeneous. More than 50% of the companies had a micro or small dimension, meeting the
Portuguese business fabric.

Regarding the number of employees associated with the logistics area, it is possible to
observe that a large number of companies had up to three workers associated with this field. It
should be noted that the companies inquired are multisector, so this value is within the

expected. Besides, a great number of companies had a turnover, by year, more than five million
euros (36.3%).

Table 2: Technical record of participating companies

Dimension on Percent Number of employees  Percent Turnover Percent
the company associated with (in euros)
(number of employees) logistics
Micro (up to 10) 32.4 [0;3[ 343 [0;100k[ 13.7
Small (10-50) 25.5 [3;6[ 20.6 [100k; 250k[ 10.8
Medium (50-250) 16.7 [6;9[ 59 [250k 500k 9.8
Large (more than 250)  25.5 [9;12] 9.8 [500k; 1M] 10.8
[12;15] 2.0 [1M; SM[ 18.6
15 or more 27.5 5M or more 36.3

4.2 Lean management practices

Lean management practices should be implemented by managers, who are trained in lean
concepts, and they are passed on throughout the organization. To understand the level of Lean
procedures in Portuguese companies, there were pointed out nine questions. Table 3 compiles
some descriptive statistics related to these procedures. For all items, the five points Likert scale
achieve the highest score (five), meaning that the level of implementation of the environmental
practices is unequal between companies.

For the case of practices LM3 and LM4 are the ones that have higher means values, meaning
more progress of implementation. On the other hand, the lowest means values are related to
the procedures LM5 and LM1. This could be explained by the fact that the 5S tool and the
TPM method are considered hard lean practices which are more extensively used than soft
Lean practices (Engagement)[15]. Also, the 5S is a simple implementation tool which allows

607



rapid results with high visual impacts, consisting on the first tool to use for clean and straighten
the workplace.

Table 2: Descriptive statistics for Lean management practices

Environment managment practices Min Max Mean St. Dev.
LMI 1 5 2.49 1.481
LMm2 1 5 3.12 1.381
LM3 1 5 3.20 1.328
LM4 1 5 3.42 1.238
LM5 1 5 2.25 1.369
LMé6 1 5 2.65 1.426
LM7 1 5 3.16 1.241
LMS$ 1 5 2.63 1.400
LMY 1 5 3.06 1.296

Figure 1 shows the boxplots for all questions. This graphic is according to Table 3, giving
information about the use of the entire scale. Besides, 50% of inquired companies, partially
implemented (level 3) the practices LM6 to LM9. All these practices are related to Production
Pull System which requires the collaborations with the suppliers and the implementation of JIT
method, getting stocks reduction. The enterprises that are trying to implement the Pull System
should implement all these methods and tools at the same time, on the same level. In contrast,
practice LMS5 has a lower level of implementation, where 50% of companies selected levels 1
(not implemented) or 2 (starting to implement). The methods like Kanban, JIT are used by
large companies and international groups generates a certain fear and barrier [7] Another
curiosity is that only 25% of the companies have selected the full achievement/implementation
of these practices.

- L o S S L]

T T T T T T T T T
Lkt Liaz Lra3 Lra4 Lis LIS Lha7 Lias Lraz

Figure 1: Boxplots of Lean management practices

In order to understand how these practices are correlated, Table 4 is presented. The correlations
between items are not very high. However, the item LM4 stands out to the correlation with
LM2 and LM3. TPM supports the predictive, preventive and corrective maintenance activities
to achieve efficient production equipment and relies on tools such as 5S, single minute
exchange of die (SMED), overall equipment effectiveness (OEE), planned, autonomous and
quality maintenance and initial control before starting production [10].

Another important question related to this theme, is the level of implementation of Lean
practices, according to the numbers of workers. According to Matt and Rauch [7], the Lean
production methods and instruments are not equally applicable to large and small companies.
Consequently, the level of accomplishment of Lean procedures was also analyzed, taking into
consideration the dimension of the company.
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Table 3: Matrix correlation between environment management practices [For all values, correlation is
significant at the 0.01 level (2-tailed)].

Item LM1 LM2 LM3 LM4 LMS5 LM6é6 LM7 LM8 LM9
LM1 1

LM2 0.591 1

LM3 0.625 0.576 1

LM4 0.572 0.671 0.696 1

LMS5 0.558 0.518 0.555 0.491 1

LM6 0.660 0.464 0.675 0.489 0.655 1

LM7 0.572 0.532 0.600 0.607 0.454 0.586 1

LMS8 0.528 0.633 0.530 0.537 0.587 0.385 0.581 1

LM9 0.398 0.560 0.505 0.435 0.388 0.338 0.407 0.695 1

The results presented in Figure 2, show from the consulted companies, micro and small
companies have the lowest levels of implementation of Lean procedures, which can be justified
by the fact that these companies do not feel the need to implement these systems to be
productive. Another explanation is related to the challenge of the implementation of some
integrated Lean production systems due to specific knowledge and money spent.
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Lm3
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Figure 2: Average level of environment management practices, by companies’ dimension

In this work, it was possible to analyze the implementation level of Lean practices in the North
of Portugal. Despite being an initial analysis, the results showed the 5S and TPM methods are
the ones that have higher progress of implementation, and the kanban tool has a lower level of
implementation, in general. It is also possible to conclude that micro and small companies have
the lowest levels of implementation of Lean procedures.
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