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ABSTRACT

Purpose: The lean manufacturing can be an important ally of companies to enhance their competitiveness,
since it can support companies to eliminate wastes and continuously improve their processes. In this context,
the main purpose of this study was to analyze difficulties observed by operational level employees of auto
parts companies during lean tools training.

Design/methodology/approach: A panel of specialists indicated 18 tools required for lean journey training.
These tools were used to structure a questionnaire to perform a survey. The survey was conducted with 77
lean training experienced professionals from two auto parts companies. Data collected was analyzed through
descriptive statistics and Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), to rank the
tools according to the difficulty levels observed by the respondents.

Findings: In general, operational level employees presented difficulties to understand the concepts of all ana-
lyzed tools. Comparatively, Lean Leadership and Constraints Management were those most difficult for them.
Originality/value: The results present here can be used by leaders for providing lean training and for academ-
ics in futures studies.

Keywords: Lean manufacturing; Lean philosophy; Training; Operational level; TOPSIS.
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RESUMO

Objetivo: A manufatura lean pode ser uma importante aliada das empresas para aumentar a competitividade
das mesmas, visto que ela pode dar suporte para as empresas para eliminar desperdicios e melhorar contin-
uamente seus processos. Nesse contexto, o objetivo principal deste estudo foi analisar as dificuldades obser-
vadas por funciondrios de nivel operacional de empresas de autopegas durante o treinamento de ferramentas
lean.

Projeto / metodologia / abordagem: Por meio de um painel de especialistas, 18 ferramentas de jornada lean
foram identificadas e utilizadas para estruturar um questionario. Uma survey foi realizada com 77 profissionais
experientes em treinamento lean. A analise dos dados foi feita por meio da estatistica descritiva e da técnica
TOPSIS.

Resultados: Em geral, os funciondrios de nivel operacional apresentaram dificuldades para entender os con-
ceitos de todas as ferramentas analisadas. Comparativamente, Lideranga Lean e Gerenciamento de Restrigdes
foram os mais dificeis para eles.

Originalidade / valor: Os resultados aqui apresentados podem ser usados por lideres para fornecer treina-
mento lean e por académicos em estudos futuros.

Palavras-chave: Manufatura enxuta; Filosofia Lean; Treinamento; Nivel operacional; TOPSIS.

1 INTRODUCTION

The relevance of production sector for countries economy is recognized in the literature.
However, there are several challenges that vary due to markets features. To deal with these chal-
lenges, companies need to be flexible and able to adapt their structures (Enke, Glass, and Metternich
2017; Rampasso et al. 2019). In this context, lean manufacturing can be an important ally of compa-
nies to enhance their competitiveness, supporting companies to eliminate wastes and continuously
improve their processes (Shahin et al. 2016; Yang et al. 2020). However, to achieve lean benefits,
companies need to properly train their employees (Lauver et al. 2018).

Despite Lean Manufacturing being a well stablished philosophy and the existence of many
research regarding it, there are few studies dedicated to understand professionals that offer train-
ing to employees that work on operational level on the tools associated to the referred philoso-
phy. Information regarding the difficulties that these professionals have for training workers in lean
manufacturing are of extreme value to transmit knowledge during these trainings and enhance the
results obtained from this philosophy implementation. This is the focus of this article, since human
resources practices encourage employees to take part in training activities, implementation of tools
and decision making, for a better operational performance. Furthermore, according to Womack and
Jones (Womack and Jones 2003), the greatest difficulty faced by firms to implement lean philosophy
is the lack of understanding the basic fundaments of this philosophy.

Considering these facts, this article aims to assess the perception of experts experienced
in lean philosophy training for operational level employees, to identify the main difficulties of these
training. Data analysis was made through the TOPSIS (Technique for Order Preference by Similarity
to Ideal Solution). The next section is dedicated to the theoretical basis on Lean Manufacturing and
Trainings in Lean Manufacturing.

2 THEORETICAL BACKGROUND

In this section, it is presented the theoretical background used as basis to develop this study.
Concepts about Lean Manufacturing e Training and Lean Thinking are presented in this section.
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2.1 Lean Manufacturing

The term Lean Manufacturing stems from a program of the Massachusetts Institute of Tech-
nology, in 1979, named International Motor Vehicle Program, that examined the management practic-
es and productivity increasing used by automotive companies in 52 assembly lines, located in 14 coun-
tries. This project identified and analyzed the best practices for production processes and generated a
set of practices known as Lean Manufacturing. These practices and tools are mostly originated in the
Japanese industries and, in particular, in Toyota group (Liker 2005; Womack and Jones 2003).

Ohno (1997) claims that the Toyota Production System, or Lean manufacturing, has its focus
on increasing the efficiency of production processes through consistent and complete waste (muda, in
japanese) elimination over the whole product chain. These waste can be described as seven types of
waste, they are: excessive production; wait; transport; moving; inventory; defects or rework; unneces-
sary process (Hines, Holweg, and Rich 2004; Karim and Arif-Uz-Zaman 2013; Liker 2005; Maskell and
Kennedy 2007; Ohno 1997; Rodriguez et al. 2016; Shingo 1996; Womack and Jones 2003).

The implementation sequence of Lean Manufacturing, in order to reach the lean thinking
(continuously minimizing activities that do not add value - wastes), can be represented by five princi-
ples, as described in the following (Isack et al. 2018; Womack and Jones 2003): a) specify VALUE to the
client; b) identify the VALUE STREAM; c) create a CONTINUOUS FLOW; d) PULL-BASED production; e)
Achieve PERFECTION.

Harris et al. (2014) reinforce that, throughout trainings, the instructors should find a way to
connect those that are beginning to learn about lean with its tools, in order to allow company’s em-
ployees to apply their newly acquired knowledge; this, in addition to motivating them, may allow a bet-
ter learning. Thus, research presenting new information regarding the best practices for lean training
are essential. This will be the theme explored on the next section.

2.2 Training and Lean Thinking

Introducing lean manufacturing in a workplace is, by definition, to disrupt the current prac-
tices and to transform them into practices aligned with the lean manufacturing objectives: waste
reduction (Yasukawa, Brown, and Black 2014).

The manufacturing systems, the complex and fast development technologies and the cur-
rent global business environment demand high competency and continuous learning from all work-
ers. There is a need for a new method to accelerate conversation between knowledge and practice
to have an efficient learning, without risk of failure in real life (Smeds 2003). Research about learning
define it as a change on individual, due to the interaction between people and their environment.
Particularly, the lean model factories concentrate on training managers, executive directors, front
line and agents about lean management contents (De Zan et al. 2015). Nogueira, Sousa, and Moreira
(2018) and Tortorella and Fogliatto (2017) emphasize the role of leaders during lean implementation.

Sharma, Dixit, and Qadri (2016), in their study, identified 8 critical factors for a successful
lean implementation in manufacturing businesses, through the brainstorming technique carried by
5 specialists with broad experience in lean philosophy. The eight critical factors to success were: 5S,
Value Stream Mapping, Just in Time, SMED, Computer Integrated Manufacturing, Concurrent Engi-
neering, ERP and Training. Regarding Training, the authors stress that the resource utilization can be
improved through employees training regarding the best ways to perform their tasks. This is applied
especially for the adoption of new processes, tools or techniques for a continuous improvement. Ac-
cording to experts’ experiences, social and communication competencies facilitate interdisciplinary
collaboration, teamwork and information exchange. These competencies can be enhanced through
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employees training (Veile et al. 2019). In addition, according to Stimec (2020), team learning can
perform a relevant role in occupational health.

Focusing on training of operational workers, it must be as practical and realistic as pos-
sible and based on activities (Gordon et al. 2012; Jeffrey, Hide, and Legg 2010). A significant part
of the literature about training has focus on the role of trainers, while the work about learning
and learners characteristics has been confined to studies on formal educational environments. Even
though training presents a more restrict focus while education presents holistic objectives, there is
no reason to presume that the learning styles and approaches of people involved in trainings differ
significantly from those involved in educational activities (Jeffrey, Hide, and Legg 2010). According
to Etter and Griffin (2011), the training is also needed to answer individual goals. The organizational
conflict can arise when company’s goals and employees’ goals do not coincide. According to House,
Spencer, and Pfund (2018), understanding how the participants internalize the concepts of training
and translate them in an increased awareness and, later, in action, is fundamental to promote a real
change towards workforce diversification. To perform organizational tasks and improve employees’
performance, training programs should be projected to create an advantageous situation for organi-
zation and workers. Both sides can achieve their objectives if the learning abilities are transferred in
an efficient way to the workplace (Awais Bhatti and Kaur 2010).

3 METHODOLOGICAL PROCEDURES

The first step of this research was characterized by the literature review for stablishing the
theoretical basis. The main scientific basis were used for searching the following terms: lean manu-
facturing, training, teaching and learning.

A panel of specialists on the subject was used in the second step of this study. This panel
was composed of 5 PhDs in production engineering and 5 corporate managers with experience in
lean philosophy. This panel identified 18 tools to a lean journey and these tools were used to base a
questionnaire used in the survey. It worth mentioning that the 18 lean tools are also aligned with the
literature. The panel of specialists was used to define those tools that should be considered in this
study. The tools selected by the panel were: T1 = Constraints Management; T2 = Lean Leadership; T3
=5S; T4 =7 Wastes; T5 = Line Balancing; T6 = Gemba Walk; T7 = Continuous Flow; T8 = Introduction
to Lean Manufacturing; T9 = Kaizen; T10 = Total Productive Maintenance; T11= Value Stream Map-
ping; T12 = Quick Setup; T13 = Takt Time; T14 = Layout Types; T15 = Standard work; T16= Root Cause
Analysis (8D, 5 Whys, Andon, PDCA, DMAIC, A3); T17 = Cellular Flow; T18 = Pull System - Kanban.
After developing the research instrument, the questionnaire was submitted to a pre-test, as recom-
mended by Hair et al. (2011).

The survey was conducted with 77 lean training experienced professionals that work in
Brazil from October/2018 to November/2018. These professionals were selected from two auto
parts companies. After answering sample characterization items, the participants analyzed each tool
through a range from 1 to 10 (1= operational level workers did not present difficulties or that they
presented minimal difficulties to understand the mentioned tool; 10 = operational level workers
showed extreme difficulties to understand the mentioned tool). Through a survey distributed online
and in person, 77 answers were received via questionnaires. These respondents have a good expe-
rience in providing lean training in businesses of the auto parts sector. The sample was constituted
as follows: 28.57% presented an experience in lean training of up to 5 years, 38.96% presented an
experience varying from 5 to 10 years and, lastly, 32.47% had more than 10 years of experience.
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Data analysis was made through averages and comparative ordering among the tools stud-
ied via Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS). Considering the
respondents experience, it was three groups were formed: Group 1: professionals with up to 5 years
of experience in lean training, to which was assigned a weight of 20%; Group 2: professionals with
experience in lean trainings varying from 5 to 10 years, to which was assigned a weight of 30%;
and Group 3: professionals with more than 10 years of experience in lean trainings, to which was

assigned a weight of 50%.
According to Singh et al. (2016), Dandage et al. (2018) and Costa and Duarte Junior (2013),
the application of TOPSIS can be described through the steps presented in Figure 1.

Figure 1. Steps conducted for TOPSIS analysis (Costa and Duarte Junior, 2013; Dandage et al., 2018; Singh et al., 2016)

The first step was characterized by Matrix D (Matrix 1) development and the weight vector
(Vector 1). The second step was the normalization of Matrix 1 using Equation 1.

In the third step, Matrix V was calculated. It is important to remember that multi-criteria
techniques consider different attributes with different degrees of influence on the alternative. Dif-
ferent weights were attributed to each respondents group in line with the experience in lean train-
ing, using equation 2.
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In the fourth step it was identified the Ideal Positive Solution and the Ideal Negative Solu-
tion for each analyzed criterion. An Ideal Positive Solution (ideal situation) is represented by S+ and
an ldeal Negative Solution (anti-ideal situation) is represented by S-, as shown on Equations 3 and 4.

The fifth step consisted of the calculation of the Euclidean distances* (distances between
the ideal positive situation and each alternative, represented by “D+”, and, ideal negative situation
and each alternative, represented by “D—") using the Equations 5 and 6.

In the sixth step, the authors of this paper calculated the coefficient Pi+ (Equation 7) that
was used as reference for the prioritization or positioning (ranking) of lean tools with higher degree
of difficulties for training.

In the seventh and last step, the ranking was done, from the alternative in which Pi+ was
closer to 1 to the alternative in which Pi+ was to 0.

4 RESULTS AND DEBATES

As mentioned in the previous section, the data collected was analyzed via TOPSIS. The
findings obtained in this analysis are presented in this section. In step 1 of TOPSIS, the averages of
each group answers were extracted for each lean tool. Table 1 presents the decision matrix “D”. In
sequence, the normalization of the matrix “D” was done (see Table 2).

1 For a more detailed explanation on the use of Euclidean distance, see (Hwang and Yoon 1981).
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Table 1. Matrix “D” with averages for each group

(Source: Authors)

Table 2. Normalized Matrix

(Source: Authors)
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With the normalized matrix, the next step (Step 3) consisted of calculating the matrix
with the weighted values, considering the attributed weights of each group (50% for Group 3; 30%
for Group 2; 20% for Group 1). The normalized weighted matrix is shown in Table 3.

Table 3. Weighted normalized matrix

(Source: Authors)

The next stage consisted of the determining the ideal Positive and Negative solutions for
each analyzed criterion (Steps 4). The Ideal Positive Solution (ideal situation) is represented by
S+ and the Ideal Negative Solution is represented by S-. It is worth noting that, in this paper, S+
represents the greatest degree of difficulty perceived by the respondents when offering lean tools
training and S- the smallest degree of difficulty perceived by the respondents when offering lean
tools training. The Table 4 presents the mentioned values.

Table 4. Ideal Positive Solution and Ideal Negative Solution

(Source: Authors)

In sequence (Step 5), the Euclidean Distances were calculated between the ideal positive
solution and each alternative (represented by D+) and between ideal negative solution and each
alternative (represented by D-). Results are presented in Table 5. Next, values for the coefficient
Pi+ were calculated.
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Table 5. Euclidean Distance between solutions

(Source: Authors)

Table 6. Values calculated for the coefficient Pi+

(Source: Authors)
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In step 7, the ideal solution is determined by the alternative that is closer to or equal to
Pi+ = 1. In contrast, the alternative that is closer to or equal to Pi+ = 0 will be an anti-ideal solution.
The final product of this analysis is a ranking where the alternatives evaluated are prioritized (Cos-
ta and Duarte Junior 2013). Table 7 shows the result.

Table 7. Lean tools position according to the degree of difficulty that operational level workers represent in relation to their
comprehension

(Source: Authors)

Analyzing the results, it is possible to establish the following debate. The first item to be
commented relates to the averages given by the groups of professionals that offer training in lean
production. Regardless of the level of experience, all groups assigned grades over 5.0 to the 18
tools, showing that, in general, difficulties are observed by the operational workers throughout
lean trainings. This shows the need for new techniques and methods to disseminate the knowl-
edge.

Another point to stress is the findings obtained through the ordering made by TOPSIS.
Comparatively, the lean tool that presents the greatest difficulty, regarding operational workers
understanding is related to Lean Leadership, followed by the Constraints Management. The rele-
vance of leadership for lean success is emphasized in Jadhav, Mantha, and Rane (2014), in which
authors identified poor leadership as an important barrier for lean implementation. Dombrowski
and Mielke (2014) also highlight the importance of leaders for lean to be sustainable throughout
the time. Regarding Constraints Management, it is also indicated as a barrier for lean implementa-
tion in Jadhav, Mantha, and Rane (2014). It is possible to observed that Lean Leadership and Con-
straints Management are connected to company boarding management, whose attitude reflect
on operational actions. Therefore, the findings presented evidence that a greater participation
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of the boarding management in lean training activities can bring managers and operational level
workers closer.

Training is not just about information exchange from trainers to trainees. It requires a
symbiotic interaction in which trainers and trainees can learn through exchanges of knowledge,
skills and experiences; thus, both groups can be better developed after the mentioned training
(Arghode and Wang 2016).

The results show that tools related to the routine of operational level workers of auto
parts companies (e.g., 55, 7 Wastes, Kanban, Total Productive Maintenance, Standard Work,
Kaizen) are inserted in this context, because they present a lower difficulty degree for training.
The reason for this can be explained by the ease reproducibility of these tools. However, tools
that differs from the operational one, related to themes such as planning and logistics presented a
greater degree of difficulty for training (Quick Setup, Line Balancing, Takt Time, Layout Types, and
Continuous Flow).

Finally, the use of multi-criteria methods (such as TOPSIS) to support the decision mak-
ing is underlined, which provided a detailed analysis about the alternatives studied. Thus, the
information presented previously can be of great value to professionals that offer lean training to
perfect their methods of teaching.

5 CONCLUSIONS

Based on the perspective of the 77 professionals that offer lean training and participated
of this survey, it is possible to establish two main conclusions. The first one is that, in general,
operational level workers present difficulties to understand concepts in all analyzed tools; and
comparatively, Lean Leadership and Constraints Management are those with the greatest difficult
level.

As much as the lean theme has been studied throughout the decades, some issues relat-
ed to it are still underexplored, as it is the lean training. This research presents some limitations
that should be emphasized, such as the sample size and focus on auto part firms, but we believe
that the findings reported here can contribute to the literature and the corporate debates.

To solve problems in manufacturing environment and eliminate waste, lean manufac-
turing uses several tools. The analysis and structuring of a comparative hierarchy of the difficult
degree operational level workers for understanding the lean tools regarding are of great value. For
industry professionals, these results can be used to improve trainings, paying a special attention
on the tools identified as presenting greater levels of difficulty; for researchers, these findings
can be used in studies that propose more efficient methods to disseminate this. Those tools that
presented greater levels of difficulty should be prioritized in models and roadmaps developed
by researchers for developing lean manufacturing implementation. In this line of reasoning, the
development of a method for lean training, based on the findings presented can be an interesting
research proposal for future studies. In addition, in order to verify the method applicability, train-
ings could be performed and the findings reported as action research papers.
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