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Abstract

Lean Production is a methodology largely implemented across industries and services. This methodology adds value to
companies, as it derives from the main idea "doing more with less", where less means with fewer resources, less product
development time, less human effort, among others to provide high performance in daily activities. As a company requires
adequacy of Lean Thinking, the philosophy behind Lean Production, it leads to a concern in the manner of training and
educating of its employees. Lean Thinking requires competencies to be successfully understood and pursued all the time.
Partly due to human and social capital being key factors for the functioning of society and economy, in recent years there
has been an increased interest in competencies, as knowledge and skills are not enough anymore. In this context, higher
education engineering and innovative organizations seeks to complement the training of theirstudentsandprofessionals,
through specific courses with serious games simulating typical day-to-day issues in business matters. The serious games
methodology involve “learning by doing”, in which students can develop and improve skill sets in real-world context,
recognizing themselves as protagonists of their learning. Experiential learning or “learning by doing”, does notonly
implyexposition of the theory, but the resolution of an unstructured problem, it also proposes decision-making to solve
such a problem. Thus, the Lean Thinking mind-set needs serious games and other active learning methodologies to become
truly meaningful and to provide new competencies to the professional. This mind-set is a valuable differential in the current
market, with increasingly flexible job rotations, more on-demand jobs than long-term contracts, and its demand of skills
incompetitions, like quick learning and logical reasoning. This articlediscussesthe importance of serious games for Lean
students and professionals to acquire competencies. The research was, predominantly, based on a conceptualreview of
papers that described serious games and hands-on activities. Based on these, some evidence elements from the papers
that match essential competences of Lean Education: System-thinking, Environment and Ethics were collected.
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1 Introduction

Lean Production (LP)has been a prominent strategy methodology in the past three decades (Alves et al., 2019;
Krafcik, 1988; Samuel et al, 2015; Schonberger, 2019; Womack et al, 1990).Lean Thinking (LT) is the
philosophyunderneath LP that adds value to companies as it derives from the main idea “"doing more with
less”. To concretize such idea, Womack and Jones (1996) identify five principles that should be followed: 1)
Value; 2) Value Stream; 3) Flow; 4) Pull Production and 5) Pursuit Perfection. This philosophy is a consistency
of knowledge whose essence is the ability to reduce costs and increase productivity by eliminating
wastethrough problem solving, in a systematically way. This implies rethinking how to lead, manage and
develop people. It is through the full engagement of people with their jobs that are able to identify
improvement'sopportunities with sustainable gains. Their roots are in Toyota Production System (TPS) tenets
that is based on Respect-for-People and continuous improvement (Monden, 1998; Ohno, 1988; Shingo, 1989)
till today (Toyota Motor Corporation, 2018).

LT associated with operational excellence at all levels follows guides for the success of any organization in a
long-term sustainable viability. As a company requires adequacy of LT, the philosophy behind LP, it leads to a
concern in the manner of training and educating of its employees. The Lean Education (LE) requires contents,
but, mainly, competencies to be successfully understood and pursued all the time(Alves, 2019; Alves et al.,
2020; Alves et al., 2017; Flumerfelt et al., 2015).Such competencies are related to: System-thinking, i.e. being
capable to comprehend the whole picture, not just a part of it(Flumerfelt et al., 2016; Flumerfelt et al., 2014;
Kahlen et al., 2013); Sustainability as they will be aware of how Lean wastes (transports, inventory, motion,
waiting, overproduction, over-processing and defects)impact on environmental actions (Abreu et al., 2017;
Alves, 2018; Moreira et al., 2010); Ethics by adopting an ethical behaviour that starts with Respect-for People,
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as main tenet of TPS (Flumerfelt et al.,, 2013, 2012). This implies motivation, collaboration and cooperation
through teamwork, transparency and fluidity of information as a fundamental basis as well problem-solving,
critical thinking, communication, negotiation and analytical skills, creativity, and intercultural skills.

A competency includes knowledge, skills and attitudes(Council of the European Union, 2018; Rychen &
Salganik, 2000). Knowledge is related to facts and figures, concepts, ideas and theories which are already
established and support the understanding of a certain area or subject. Skills are the ability and capacity to
carry out processes and use the existing knowledge to achieve results. Attitudes are the disposition and mind-
sets to act or react to ideas, persons or situations (Council of the European Union, 2018, p. 14). Knowledge,
skills and attitudes when integrated, is capable of generating high standard performance (Amorim & Barros,
2011).

Competencies have three main characteristics: they are linked to a particular work and organizational context;
they are associated with superior performance; and can be described in terms of behavioural patterns or results
that can be observed during the tasks executions (Hirsh & Strebler, 1994). On the other hand, Stokes and Oiry
(2012) call attention to facts that are not forbidden to interpret and that can be replicated in a robotic way;
otherwise, the competency model can become, in practice, a behavioral manual.

The competencies enable the user to handle new behavioral strategies to find solutions to complex problems.
This is the reason to support LE learning system in competencies. According to the Council of the European
Union(2018)competencies are acquired through active learning methodologies such as project and problem-
based learning (PBL), experiential methods, serious games, hands-on activities, flipped classroom, among
others. Such methodologies promote the participation of all the students, encouraging the self-critical feeling,
the identity and the feeling of belonging, the teamwork, the problem-solving and critical thinking, among
others. Through these methodologies, studentsbecame more active and adopting a protagonist role in their
own education. This allows, not only skills related to the main theme of the studies to be performed, but also
the ability to make decisions and toexecute actions in an entrepreneurial and autonomously way
(competencies), addressing complex problems with results orientation.

Although adult education, e.g. companies professionals have a different way of learning, it is also based on a
need to understand the meaning of their own experience. Such understanding should be facilitated by
education, more concisely, transformative learning (Mezirow, 1997). Methods used in the transformative
learning includes also an active process that help adults to develop their thoughts, feelings, and disposition,
much as the Head-Heart-Hands (3H) taxonomy provides (Brihlmeier, 2010; Flumerfelt et al., 2014).Methods,
similar to the ones referred above, includes action research projects because these promote reflective thought,
imaginative problem posing, and discourse in a learner-centered, participatory, and interactive, group
deliberation and problem solving.

This knowledge on adults learning demands, promote opportunities between academia and the professional
industry that facilitate this knowledge transfer through LE (Alves et al.,, 2017; Alves et al.,, 2018; Flumerfelt et al.,
2016). The companies that already follow Lean approaches leads to concern in the training and awareness
process of its employees, as the impact of Lean learning on these changes is noticeable(Alves et al.,
2016).Nevertheless, such competencies could be prevented from being learned in work environments if not
well trained(Francis, 2016; Khatibi &Khormaei, 2016). This means if the learning methods used were not the
correct, the meaning and motivation to learn is not practiced.

In this paper, it is discussed the serious games and hands-on activities in developing lean competencies in
students/professionals. To achieve the conceptual review is undertaken, retrieving from scientific papers the
lean competencies developed by such methods, according to their authors. Also, as the demand for different
and new competencies emerges in the frame of the Industry 4.0 approach, a discussion about these alignments
is initiated.

This paper is organized into five sections. The first presents an introduction and the objectives of the paper.
The second section presents the research methodology. The section three presents the serious games and
active learning approaches, followed by the fourth section where it is discussed the development of Lean
competencies through serious games. Finally, the section five outlines concluding remarks.
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2 Research methodology

The research discussed in this paper was, mainly, based on a conceptual review. According to (Sangwa &
Sangwan, 2018) a conceptual review examines conceptual knowledge and synthesizes different theories,
concepts, and phenomena, providing interrelationship among them. Lately, could be used to propose new
conceptual framework, model, roadmap or instrument based on existing literature of the specific topic. In this
research, lean serious games and hands-on activities are collected from literature review andanalyzed to find
elements that evidence the importance of such educational activities to promote lean competences in the
apprentices. Provides a theoretical literature review of existing theories and interrelationship among them.

3 Serious games and other active learning approaches

Learning is the process where the knowledge is created through the transformation of experience (Kolb, 1984).
In Kolb’s experiential model of learning, individuals are encouraged to reflect on the actions and consequences,
then to create an understanding and reapplying it to future actions. Kolb defines four possible learning styles:
(i) Divergent (feel and watch), (ii) Assimilative (watch and think), (iii) Convergent (do and think) and (iv)
Accommodative (do and feel). These Kolb’s styles are possibly interrelated depending on individual
preferences, and may result in four different outcomes: Concrete Experience (to feel), Reflective Observation
(to watch), Abstract Conceptualization (to think) and Active Experimentation (to do).

Piaget (1973) argues that the stages of learning are involved in a constant process of adapting man to the
world. In the active learning process,through which learners build new ideas or concepts based on their old or
current knowledge, the student selects and transforms constructive hypotheses as information and makes
decisions based on his own cognitive structure(Wood et al., 1976).

The serious games approach gained impulse as a positive perspective of learning published in business reviews,
as opportunities to apply games in large companies, to allow innovation and motivation of the employees
(Erdés & Kallés, 2014).Wouters et al. (2007)mentioned that serious game aims to educate, put learners in
situations in which they are responsible for decisions made, reflected and evaluated (Geithner & Menzel,
2016).During the game, apprentices can learn based on their own experience (Lopes et al., 2013).A result of the
serious games is impulse a more interactive, participatory, inductive, reflective and exploratory learning
environment (Tao et al., 2015).Furthermore, games based in problems, appear to be promising instructional
approaches in different areas, including production and engineering education (Pourabdollahian et al., 2012).

The virtual serious games, in a simulation platform can be used as a virtual laboratory to perform experiments.
According with Gadre et al. (2011) the virtual simulation assignments can give students an overview of how to
apply lean tools to an existing production line, while also bolster students’ learning through problem solving.
Once that students would immediately see the effects of their suggested changes in the production line. Thus,
the virtual platform would help students in lean and related courses to learn through their work, improve
retention, and visualize the otherwise costly effects of commonly made mistakes in real-time(Gadre et al., 2011).

Additionally, some authors considered that the game-based learning (GLB) promote a hands-on qualification
of the learners(Alves, Sousa, et al., 2017; de Vin et al., 2018; Flumerfelt et al., 2015, 2016). Another function of
environmental learning, especially in the academic area is the usage as a test area for new technologies and
processes (Municio et al, 2018; Schallock et al., 2018). The authors Kuriger et al. (2010)and Badurdeen et
al.(2010)confirm that serious games are useful tools for teaching Lean concepts, as participants can see and
experience what they learn in regular lecture sessions and other teaching techniques.

Although it is not possible to learn Lean exclusively through games, Bicheno(2014) stated thatthis is a quick
experimental learning that no one cannot, reading or watching in an expository class. Additionally, this author
claimed that the games can interact and promote discussion, participation and the decision to decide what the
essential requirements for a successful Lean implementation are.

Also, Flumerfelt et al. (2015; 2016b), Alves et al. (2016; 2017b), Bicheno (2014), Sousa et al. (2014) among others,
argued that Lean learning should follow active learning methods such as Project Based Learning (PBL) and also
in the context of a final course project as identified in Alves et al. (2014). Only by this approach the benefits of
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learning Lean can reflect on concrete actions with quantitative and qualitative values for companies (Alves et
al., 2017; Alves, Flumerfelt, et al., 2017; Kahlen et al., 2011).

4 Development of Lean competencies through serious games

Lean Education should be focused on the values of the Toyota Production Systems (Ohno, 1988), following the
five principles defined by Womack and Jones (1996): 1) Value; 2) Value Stream; 3) Flow; 4) Pull Production and
5) Pursuit Perfection. According to Bauer et al. (2018), these could also be supplemented by the principle: 6)
Respect for People - which the founders of the Toyota Way (Liker, 2004)regard as a fundamental basis for a
trusting cooperation of all employees.Therefore, these principles refer to knowing the customer well and how
her/his needs are, the point of view that increases the value of the product and what she/he is willing to pay,
as a result of eliminating everything that may be in the way of a delivery on time, quality and right amount.
This requires learning from everyone, employees, internal and external customers, and through a culture where
is permanent the need to improve, making them aware of all errors, when identified, always being solved.
According to Powell & Reke(2019), it could be no lean without learning.

Among educators, there is a consensus that Lean education approaches should contain the practical experience
(De Vin et al., 2018; Flumerfelt et al., 2015; Flumerfelt et al. 2016; Alves et al., 2017). The objective should be to
promote and develop as learners' skills and competencies to think lean and to act in the long term. Partly due
to human and social capital being key factors for the functioning of society and economy, competencies are
increasingly valued by companies and, for that same reason, they must be present in what they are and what
those skills are necessary for successful of job tasks. Attending to this, many authors have been developing
actives approaches for teaching Lean, in the academic and even in the industrial environments. The Table 1
presents some of these authors and relates the three main Lean competencies discussed, highlighting some
evidence elements from these that match the competencies and/or skills embed in these competencies. Due
to the paper dimension limitation, just a few publications were collected and presented in the Table 1.

Moreover, with the digital transformation as Industry 4.0 leads to changed competence requirements in
different topics, also in technologies(Dombrowski et al., 2019; Enke et al.,, 2018).After the changes coming with
Industry 4.0, as smart factories are the main resources, where "humans, machines and resources communicate
with each other so naturally in a social network”.

In this aspect, the current concept of “learning factories”, which denotes thereinforcing and construction of
"factories that learn”, offers potential for the development of skills in the areas of human performance
(cognitive, affective and psychomotor), and also for all classes of competencies. The concept “learning
factories” mainly aims at people's cognitive performance, professional skills. The development of competencies
in these areas does not occur automatically if students do not learn much more in a situation corresponding
to daily adversities (Abele et al.,, 2015, 2017, 2019; Municio et al., 2018; Pascual et al., 2020; Tisch et al., 2016).

Consequently, new forms of Lean teaching and learning are needed in order to keep up with the developments
described. In particular, research institutes that collaborate strongly with industry have a responsibility to
develop innovative learning approaches that help prepare the current and future workforce to work in the
company of the future (Dombrowski et al., 2019). Such approaches go through the learning factories already
mentioned and are being implemented in several countries in partnership with companies (Adam et al., 2020;
Municio et al., 2018; Pascual et al., 2020). Also, important is to measure how effectiveness this learning is (Adam
et al,, 2020; Leal et al,, 2017; Pourabdollahian et al,, 2012).
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Table 1. Some publications and Lean competences
Sustainability

Ethics

Publications/ System-thinking

improvement costs are
taken into account;
Redesign a fairly complex

Lego airplane

game type
(McManus et al,, Lean improvement on the Eliminate Work habits and relationships must change
2007) “bottom line” even when paperwork, interpersonal effort; working together; team

eliminate stocks.

bonds; no cheating; bending several rules;
communication; responsibilities; motivation;
the importance of being organized and
clean; following rules.

hroughout the value
ream; lessons learned.

eliminate wastes;

system.
(Fang et al., 2007) See the whole picture of Reduce Importance of the “people”; improved
how products flow inventory; communication and worker motivation;

reduce scrap.

importance of teams and appropriate
teamwork;

interdisciplinary collaboration; importance of
the people side; experienced team
frustration.

Lego cars t
st
(Alves & van
Hattum-Janssen,
2011)

Torch assembly

a

Critical thinking of the
production system initial

assembly; deep learning of

state; see the entire
process for the torch

I members of the team

Reduce

transports and
motion; reduce
overproduction

Importance of being organized and clean;

initiative; being responsible; motivation;

respect for the others opinion; help each
other.

(Pourabdollahian
etal, 2012)

Airplane

Make decisions and
choose options; task
accomplishment

Reduce defects,
time.

Motivation; challenge; engagement; interest;
team collaboration

(Silva et al., 2013)

Electrical plug

Seeing the whole value
stream of a product

Eliminate stocks
and unnecessary
movement.

Necessary that the participants are aware of
the rules; seek perfection.

(Sousa et al, 2014) | C

Machine set-up; 5S
game; electrical

plug

ritical-thinking; Problem-
solving; Global learning;
Reflexive learners.

Less stocks;
reduction of the
time.

Teamwork; engagement and motivation;
importance of being organized and clean.

(Leal et al,, 2017)

Students reflect on the
results; theoryvs. practice

Eliminate waste;
Less human work

Lego bricks .
in process
inventory. opinions; confidence.

Reduce Motivation; collaboration; engagement;

Motivation; teamwork; team discussions and
alignments; following rules; importance of
being organized and clean; express

(Alves, 2018)

Operating modes
in U-shaped cells

Making-decisions about
products to assembly;
design the production

system; organize people

transports and
overproduction

respects for others opinion; be patient;
importance of being organized and clean

(Sousa & Dinis-
Carvalho, 2020)

Mapping

Global understanding of
the whole process as well
as its interactions; Increase
the process performance.

Effective to represent the
entire process as well as to

identify improvement
opportunities.

Reduce waste,
mainly
paperwork.

Conflict management; motivation and
engagement; promote the coordination and
communication between team participants.

5 Conclusion
This paper researched the use of serious games as a form of active learning methodologies, aiming to

developing Lean competencies of System-thinking, Sustainability and Ethics. These are crucial competencies
for theFourth Industrial Revolution. Such learning methodology is expected to deliver an oriented way to
prepare students and worker's community equipped with competencies required for a complex market,
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considering that challenges occurred in the future will be adapted appropriately and in correctly time, in a Lean
way.

Along with some examples from the literature, which reports good results while students flow on the games
experience, some skills are evolved, like: critical-thinking; teamwork;communication; responsibility; motivation;
global learning and concern with wastes elimination actions. Such skills are embedding in the three
competencies referred above. Nevertheless, the sustainability competency does not seem deeply explored.
This mind-set is a valuable differential for students and professionals.Once Respect-For-People and continuous
improvement are the foundations of LT, it is succeeded that some well-developed serious games can be used
to achieve the competencies required in Lean Education.

Nowadays, the COVID-19 pandemic, which imposes new patterns of behaviour and changes in habits, the
expectations about the future are still uncertain. Therefore, to face this moment, the effects of virtual serious
games understanding is relevant in the area of Lean education and in the relationship students and worker’s
community with digital educational technologies and their virtual nature.

Future plans are to perform systematic literature review of active learning methodologies to develop a model
to measure the value-added created by the serious games and other active approaches for students learning
and companies sustainability.
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