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Abstract

This paper presents a hands-on simulation approach developed in a Curricular Unit of the
sth year of the Industrial Management and Engineering (IME) Integrated Master degree of
University of Minho. The students, working in teams, were invited to prepare a potential
training session to instruct operators in a work environment about cell operating modes
(specific thematic in the Curricular Unit contents, defined by the teacher). The teams had
freedom to prepare this session as they desired and to use all kind of concepts, tools,
techniques they already know or acquire. All teams decided to use a torches kit, available by
the teacher, with a product to assembly (the torch), in a different cell operating mode. With
the hands-on simulation, the students learn how to prepare a training session, learn new
concepts, and apply concepts and tools learned in previous classes. Student’s opinions and
results of this hands-on simulation are presented.

Keywords: student-centred learning methodologies; hands-on simulation approaches.

1 Introduction

The Bologna process (Eurydice, 2010) puts some challenges to the academic community. Some of these
challenges come from the need to change teaching methodologies. Traditional lecture based teaching
methodologies are being replaced by active learning methodologies, that involve the student in his own
learning. Either based on technology, like the Technology Enabled Active Learning (TEAL) project in MIT (Dori,
2008) or on projects/problem, the objective is the same, engage students deeply in their learning process. At
the School of Engineering of University of Minho, some projects based on Project Led Education (PLE) (Powell
& Weenk, 2003; Powell, 2004; Lima et al., 2007) have been developed for students of the 1* and 4”‘ year of
the Industrial Management and Engineering (IME) Integrated Master degree (Lima et al., 2009a; Lima et al.,
2009b). The 5" and last year implies for the students an individual project, normally, in a company (Alves et
al., 2009b) so, these students do not have any PLE project. In spite of that, each Curricular Unit (CU) gives
teamwork assignments that involve active learning methodologies. This paper presents and explains an
experience developed in CU of the 5" year in an active learning context. The students were invited to prepare a
potential training session to instruct operators in a work environment about operating modes (specific
thematic in the CU contents, defined by the teacher). All students in different teams were supposed to
simulate a different operating mode, using the same product — a torches kit, to assembly in a hands-on
simulation. Additionally, the students learn new concepts and compare the different operating modes. Hands-
on simulations have been explored to promote understanding of complex subjects in a deep and intuitive way
(McManus et al., 2007).

2 Student-centred learning methodologies

The Bologna Declaration is said to promote a shift from traditional, teacher-centred approach to a student-
centred approach to learning, taking the learning outcomes as a starting point, instead of content-driven.
Using methods that are centred on the students, instead of on the teachers, implies three fundamental shifts
in thinking about learning (Jonassen & Land, 2000). The first shift is from knowledge transmission to a
process of making meaning. Learners try to resolve the dissonance between what they know for sure and what
they perceive or believe that others know. Secondly, the social nature of the construction of meaning
increases the focus of learning as a process of social interaction, rather than an individual process. The third
shift in assumptions relates to the communities in which the process of making meaning is taking place. The
locus of meaning making is not only in the head of the learner, but also in the discourse among individuals,
the social relationships that bind them and the physical artefacts, models, theories and methods they are
involved in (Jonassen & Land, 2000). In a student-centred approach to learning, students need social
interaction to construct meaning. This means a learning environment in which students are engaged in
activities that provide opportunities to interact with other and with the world around them. Shifting
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responsibilities from teachers to students makes students more active in the learning process and increases
interaction between students and the teacher and between the students and their peers. Weimer (2002)
identifies five key elements of change towards a learner-centred practice, starting with the balance of power
that is, traditionally, with the teacher. Student-centred learning means a shift of power from the teacher to the
student and confidence in the ability of the student to make decisions about his learning. It does not imply a
complete transfer of power, but rather a share of power. The function of content is the second key element of
student-centred learning. Weimer (2002) argues that a too strong orientation on content can hinder learning.
On the other hand, learning about learning and learning content simultaneously is a different way of looking
at content in learning. The role of the teacher is a third key element in student-centred learning. The focus of
faculty needs to be on learning to become aware of how teaching influences learning. Faculty facilitates
learning and is no longer the centre of attention. The responsibility for learning needs to be accepted by
students, as a fourth key element of student-centred learning. Teachers can create conditions and help
students to be willing to learn, but, in the end, the students have to do the learning. Weimer (2002) argues
that discipline is not the key to student learning, but that logical consequences are necessary to change
unfavourable behaviour. There must be consistency in word and deed with regard to students. The purpose
and process of evaluation is the last key element identified by Weimer (2002).

In this study, students are involved in a specific activity that aimed to construct as many torches as possible
with a specific operating mode. Students have to work in teams and carry out an open-ended assignment. T

3 The teamwork assignment

The teamwork assignment was carried out by teams of 3 students and consisted in developing a plan to
operationalise a session to train operators in working operating modes (Alves et al., 2003; Alves & Carmo-
Silva, 2006) adopted for cells (Hyer & Wemmerl6v, 2002). A cell is a production system layout that could be
projected as a “..small organizational units which complete all the set (or family) of products or components
which they make, through one or a few major processing stages, such as metal founding, machining and
assembly, and are equipped with all the machines and other processing equipment they need to do so.”
(Burbidge, 1989). An extended definition points to a production system that groups and organizes the
manufacturing resources (e.g., people, machines, tools, buffers, and handling devices) necessary to
manufacture a family of parts and/or assemble a family of products, with identical or similar manufacturing
requirements.

Seven teams were formed (21 students), each team approaching a different operation mode: Baton Touch;
Bucket Brigades in line and in cell; Rabbit Chase; Working Balance, Toyota Sewing System and Assembly Line
(Figure 1).

Legend:
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Figure 1: Schematic representation of operating modes for cells (Alves, 2007)
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In simple terms, working operating modes mean the internal organisation and distribution of the operators by
the workstations related with how people work and flow within a cell (Oliveira & Alves, 2009). Each operating
mode has some characteristics distinguishable and each team had to study these characteristics in order to
present to the teacher and colleagues how works the mode allocated to the team. All teams receive a
document with a basic description about the operating modes with the Figure 1. They also had access to
operating modes literature and a review already done in Alves (2007).

The teams had totally free choice to do the plan how they wanted and used tools available or others they
found out. They had available a torch kit (Figure 2) for the hands-on simulation with a very simple manual
(Lean Games, 2006) which describe the operations to assembly a torch.

Figure 2: Torches kit (Lean Games, 2006)

-

=0 600*0e

hllﬂﬂ
Figure 3: The torch and torch components (Bills of materials)

All teams decided to use this kit to do the hands-on simulation. The product to assembly in the cells was
torches with different colours. Each team has to prepare the layout for the cell, attending to the operating
mode allocated and all material (documents, presentations, ...) that they consider for the operating mode
formation plan.

This work assignment was one of the assessment components (25%). Other components were the written test
(40%) and an individual project in a company (35%), resulting in a technical report. This individual project is
what Peter (2010) calls a hands-on case study, a teaching methodology that helped students to assimilate the
CU contents and engage them in a work industrial environment. The opinions students on that experience
were collected by email in the end of the semester.
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4 The sessions preparation

The first task was to standardize the operation times for all assemblies operations, defined by the teacher and
students before the simulation sessions. Having these common operations times, each team made some
experiences, and then sent the results to the teacher that found out an average that all teams could use in
order to compare results. The common material to be used by all teams was the torch kit, the torch kit manual,
the operation and operation times. In class, a simulation time of 5 minutes was defined to demonstrate the
operating mode. Knowing this time and the longest operation time, the demand and the theoretical operators’
number were defined.

So, the initial data for simulation was 5 minutes for simulation, chronometric time, longest operation time was
5,7 seconds, expected demand was 53 torches and the initial number of operators was 5. This number puts
some challenges to the teams since they had 3 members and need more people than this number. When the
first session took place, the team needed 5 operators and even with the volunteers called by the teacher the
students did not offer help other teams. The teacher had to interfere to make students help each other out to
run the simulation.

These simulations took place in three sessions with a total time per group of 10 minutes. Each team
simulation had three parts: the preparation (introduction by the team of the operating mode), the hands-on
simulation (involving team members and others colleagues) and the conclusion (the findings). All sessions
were video-taped and became available to the teams in the end of the sessions. There were not restrictions to
the tools, documents or figures they could use. Each part demanded different approaches and they could use
whatever they want.

5 Theresults

The outputs from each team were diverse since they used different approaches to “train the operators”; the
Table 1 resumes these approaches. Some introduce the theme with a presentation, others with posters. One
team used a simulation model using the software ARENA to show the layout and the operating mode (Figure

4).
Table 1. Approaches used by the teams to present (conclude) the operating modes

Teams G1 G2 G3 Gy Gg G6 G7

Operating modes BT(50p) RC(40p.) WB(50p.) TSS(50p.) BBline (40p.) BBcell(40p.) LP"L" (50p.)
Reports X X

Presentations X X X X X X
Posters X

Video X

ARENA simulation X
Hands-on simulation X X X X X X X

It is important notice that the manual provided to the students was simple, without pictures, except for the
torch picture, so all the pictures, including the pictures components in figure 3, were photographed by the
teams. In order to demonstrate how the operating mode worked, the teams created many documents, tools
used in the hands-on simulation, applied concepts learned in others previous CU (bills of materials - BOM-,
balancing methods, process flow diagrams, Activity On Node — AON - Networks to represent operations
sequence,...).

~[1rz] [3]f#] [&10[7] [¢&] | 33 [ 7 [

&/ &S & &S e e

Figure 4: ARENA simulation of the Torches Assembly Line by G7

The Table 2 summarizes these technical documents; in brackets it is the operators number simulated in each
operating mode.
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Table 2. Tools, documents and mechanisms developed by the teams

Teams G1 G2 G3 Gy Gg G6 G7
Operating modes BT(50p) RC(40p.) WB(50p.) TSS(50p.) BBline (4 op.) BBcell (4 op.) LP"L"(5o0p.)
Standards work sheets X X
Work instructions written X X X X
Work instructions oral X X
Balancing sheets X X X
Process flow diagrams X
Work combination chart X
Mechanisms Poka-yoke X
Box to serve as contentors X
Kanban cards X
Activity on Node diagrams X

Figure 5 and Figure 6 shows examples of one work combination chart and work instruction written to put in the
workstations.

Grafico da Combinagio das Operagdes
Processo: Montagem da lanterna Procura: 53 unidades Tempo de Ciclo: 5,7 segundos Data: 08-11-10
—  Operagies Manuais Tempo Méquina Movimentos Operédrio Operador 1
Descrigio da Operagio Duragio

1 15 25 35 4 45 5 55

1 | pegar no suporte e colocar no posto de trabalho

~

Pegar no vidro & colocar no suporte L

3 | pegar na anilha e colocar no suporte

Figure 5: Example of work combination chart by G3

Folha da Descrigao das Operagdes

|__Célula: Montagem | Produto: Lanternas | Posto de Trabalho: PT 1 1

T nivel: 5 min Procura: 53 lanternas Takt Time: 5.7 segundos
Operagio Tempo Descrigio
Colocar o vidro no suporte
(saliéncia para dentro)

| - g |

Colocar a anilha

o - R

“Trabalha para a frente t3o longe e tio ripido quando puderes”;
“Nunca deixes o teu trabalho, larga-o apenas se o teu companheiro de equipa a jusante te retirar, depois
retrocede e tira o trabalho do teu compal de equipa a ",

Figure 6: Example of work instruction written by G

6 Students perceptions and opinions

In the final experience the students were asked, as a team or as an individually, to share their perceptions and
give their opinions about this hands-on simulation. The opinions and feedback were very positive and
encouraging. One team opinion was: “Our team enjoys the experience because it was something more
practical and motivator comparing with the typical research work. We think it was positive because when we
train we debate some ideas with other colleagues and this help us knowing better other operating modes.”
This opinion was shared by others members: “very interesting”; “more practical”; “more reality approach”;
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“more easy to retain the knowledge”. One student say “/In my opinion you should maintain this assessment
form and incentive the team students to participate in others operating modes.”

Other team point out the positive aspects and aspects to improve. The positives aspects were “This
experience helps us to understand and assimilate concepts from different operating modes and the
functioning mode on the industrial practice. The fact of the teams help each other contribute to our knowledge
of the other operating modes. Additionally we have to think in details about to train operators and force us to
review all CU contents. This assignment contributes to a deep learning of all members of the team. This hands-
on simulation could teach us that, in practice, some operating modes are adapting, not following strict the
author definition.” This team considered as aspects to improve the criteria used in simulation evaluation. They
referred the clarification of these criteria because they were not sufficiently enlightened about these.

And another team perception was: “These activities are always more interesting than an expositive work. The
team feels more motivated and think this could be extended to other subjects because promote more
understandable. Being a formation type it is very important since we have to do something like this when we
have to present something new in companies. We hope that others colleagues from the next years have these
kind of opportunities.”

7 Final remarks

This paper described a hands-on simulation in a final year course of the IME Master’s degree programme. The
different outputs of teams work, resulting from their motivation and dedication exceeded the expectations.
Their free choice promotes their creativity and problem solving in a way not expected. This experience
revealed that students when properly stimulated are capable of amazing things. The students learn how to
prepare a training session, learn new concepts, and apply concepts and tools learned in previous classes. Of
course, this experience had some pitfalls as pointed out by the students, for example, the evaluation process
was not very well clarified in the beginning. This was one first experience and not knowing what to expect
from the students, makes it difficult to plan the assessment process in detail. Furthermore, two technical
objectives were focused on at the beginning and this becomes difficult to control. These objectives were the
cell operating modes compare and the training session learning. Future editions must detail better the
evaluation process and focus only one objective, in this case the training session preparation it reveals to be
the most important.
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