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Abstract: is study presents the use of a serious game developed to teach Lean
philosophy. e structure of this game was built from theoretical elements and
predefined learning events. Learning outcomes and student motivation were considered
in the evaluation of the efficacy of the game. is serious game was applied to four groups
of students with different profiles. e evaluation results were compared among these
groups of students. It can be concluded that the serious game developed showed positive
results in learning and motivation demonstrated by the students, regardless of the
group analyzed. e main contributions to the literature presented in this article were
the serious game (named 3L) that was developed and the efficacy evaluation method,
considering the learning and motivation demonstrated in different profiles of students.
Keywords : Active learning, ARCS, Business simulation game.

1 Introduction

e current job market has been looking for high qualified professionals
with competencies that go beyond technical knowledge. So skills,
or transversal competencies, such as communication, teamwork and
leadership, have become a key part of students’ curriculums (Geithner &
Menzel, 2016). However, such skills can be hardly developed in current
traditional teaching environments (Ramazani & Jergeas, 2015; Córdoba
& Piki, 2012) characterized as lecture-based delivery models (Fernandes
et al., 2014). Experiential learning, on the other hand, makes students
balance the deep meaning of ideas with the skills of applying them (Kolb
et al., 2014).

In order to improve the existing educational and instructional systems,
innovative learning approaches are being designed and tested. For
instance, some teachers are already designing serious games (SG) to create
a more interactive, participative, inductive, reflective and exploratory
learning environment (Tao et al., 2015). During an SG, students can learn
based on their own experience (Lopes et al., 2013).
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is research aimed to develop and evaluate the efficacy of an SG for
the teaching of Lean philosophy. For this, a set of theoretical elements
and a set of learning events (conditions which have the function of
improving student learning) have been defined. Aer, the structure
of an SG developed for teaching Lean philosophy is presented. is
structure is designed according to the theoretical elements and defined
learning events. To evaluate the efficacy of SG, two instruments were
applied. e first was developed and applied to measure the level of
learning achieved with the SG. e second instrument is a combination
of ARCS Motivation Model and Instructional Material Motivational
Survey (IMMS), used for the analysis of motivation of the student
participating in the SG.

e results of this evaluation were compared with 4 groups of
students with different profiles. e aim was to check whether the SG
presented different assessment results according to the profiles of students
considered in this research.

is article is divided into seven items: introduction, literature review,
methods used, development and application of SG, evaluation of the
efficacy of SG, discussion of results and conclusions.

2 Background

2.1 Lean manufacturing theories and tools

Lean manufacturing has been widely adopted since the Japanese industry,
led by Toyota, reached the top of the automotive industry (Womack et
al., 1992). Even today, all sorts of companies see the lean manufacturing
philosophy as a way to remain competitive in the market (Lindo-Salado-
Echeverría et al., 2015).

Lean manufacturing, or the Toyota Production System, focuses on the
absolute elimination of waste (Ohno, 1997). To eliminate all kinds of
waste and its causes, a set of tools and concepts were developed, such
as the 5 senses (5S), pull systems, kanbans, takt time, total productive
maintenance (TPM) and single minute exchange of die (SMED).

An effective production system requires an organized, clean and
sustainable work environment. e 5S is an organizational tool
for sorting, stabilizing, cleaning, standardizing and sustaining work
environments, and 5S applications can even raise systems’ productivity
(Osada, 1992).

Next, it is also important to understand the difference between push
and pull systems. In push systems, production happens independently
and individually in each process, and there is no communication among
these processes regarding their demands. is lack of communication can
result in overproduction (Ohno, 1997). In pull systems, on the other
hand, communication is established throughout the process flow, so that
production takes place “just in time” (JIT) (Rother & Shook, 1999).

Process communication can be established with the use of kanbans.
A kanban is a piece of information (a card, a space on the floor, an
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electronic message) automatically sent and used in production control
(Lage Junior & Godinho Filho, 2008). e kanban sends information
about the demand (type and amount of parts), and where and when it
should be delivered.

In fact, demand plays a key role in lean systems. Pull production and
rhythm must be triggered by the final customers’ demands. For this
reason, the output rate of each process should remain as close as possible
to the takt time, which is the available production time divided by the
demand within the same period (Rother & Shook, 1999).

e real available production time is oen compromised by two
issues: process failure and setup execution. To overcome the first issue,
total productive maintenance (TPM) is applied. TPM is the general
involvement of the staff in the productive maintenance procedure, which
involves failure identification and study, empowerment and continuous
improvement (Nakajima, 1989).

e second issue is related to the system’s flexibility. Today, there
is an increasing demand for customized products. In addition, many
workstations are designed to produce more than one product. us,
process setups must be executed as quickly as possible. e Single Minute
Exchange of Die (SMED) is a theory and a set of techniques used to
obtain setup time reductions (Shingo, 1985). Setup time minimization is
necessary to obtain a low volume and balanced production mix.

2.2 Teaching lean manufacturing with serious games

Lean manufacturing is driven by a culture of problem solving that
values the learning process as an essencial output (Badurdeen et al.,
2010). For this reason, the authors state that the problem-based
learning method (PBL) is the ideal instructional approach to teach lean
manufacturing. PBL is a student-centred and active learning method
based on interdisciplinary integration (Lima et al., 2012).

Several different PBL techniques were already developed and tested.
Among them, serious games (SG), also known as problem-based
games (Kiili, 2007), appear to be promising instructional approaches
in different areas including manufacturing and engineering education
(Pourabdollahian et al., 2012). Wouters et al. (2007) define the SG as the
application of games with the aim of educating and learning. SGs place
students in situations in which they take actions, make decisions, reflect
and evaluate themselves (Geithner & Menzel, 2016).

ere are different SGs designs to teach lean manufacturing, as those
presented by Bicheno (1995), Billington (2004), Ozelkan & Galambosi
(2008). For a higher number of lean SGs, see the survey conducted by
Badurdeen et al. (2010).

Additionally, manipulative tasks and three dimensional (3D) objects
can be included in SGs to enhance the learning process (Castro-Alonso et
al., 2015). LEGO® is considered a valuable learning tool because it raises
the level of interaction and engagement (Roos et al., 2004) and promotes
reflective thinking (James & Brookfield, 2014).
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2.3 Evaluating the efficacy of learning methods

Although innovative techniques are shown as promising learning
methods, it is important to register students’ feedback, and observe
how instruction materials impact their motivation, engagement, and the
learning process (Huang & Hew, 2016). When it comes to SGs, it is also
natural to question if they are really worth the effort, considering the costs
associated with their development and management (Pasin & Giroux,
2011).

ere are different efficacy evaluation procedures proposed in the
literature. e Kirkpatrick evaluation model (Kirkpatrick, 1976) is
recognized as a valuable evaluation model (Mollahoseini & Farjad, 2012).
e Kirkpatrick model measures four aspects: reaction, learning, behavior
and results (Kirkpatrick & Kirkpatric, 2006). So far in this study, only
the first two aspects evaluated the SG. e behavior can only be measured
aer the students start using the knowledge, skills and attitudes learned
from the SG, and the aspect related to the results corresponds to the
changes brought to the organization or work environment of the students
(Kirkpatrick & Kirkpatric, 2006). Since the SG was recently applied, the
evaluation of the last two aspects is suggested for future research.

e first aspect, reaction, is related to how the participants felt about
the SG. One of the ways to observe participants’ reaction is to identify
whether their motivation increased aer the SG. is can be achieved by
the application of the ARCS model. According to Keller (1987), the level
of motivation relies on four instructional principles: attention, relevance,
confidence, and satisfaction (ARCS). Keller (1987) also developed the
Instructional Materials Motivation Survey (IMMS), an integral part
of the ARCS model used to measure students’ motivation (Huang &
Hew, 2016). e IMMS is a standardized form with 36 statements.
Participants choose the alternative that best describes their experience for
each statement within a Likert scale. Applications of the IMMS can be
found in Pittenger & Doering (2010) and Huang (2011).

e second aspect of the Kirkpatric’s evaluation model, the “learning”
aspect, can be measured by tests taken before and aer the SG, as in
the work of Geithner & Menzel (2016). Significant results regarding
possible learning outcomes can be highlighted by hypothesis tests, such
as the 2-sample t or ANOVA. e Wilcoxon Signed-Rank Test can
also be used for comparison purposes, especially when the data is not
normally distributed, as shown by Pourabdollahian et al. (2012). e
hypothesis tests previously mentioned are described by Montgomery &
Runger (2012).

3 Methods

is research is divided into three steps. e first relates to the
development and application of a serious game (SG), focusing on teaching
some of the lean manufacturing concepts. e SG is called “3L” and reads
as “triple L” (Learning Lean with Lego). e second stage concerns the
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evaluation of the efficacy of this SG, with regard to the student's learning
level and motivation of the student to participate in this game. In the third
and final stage of the evaluation, results among the 4 groups of students
with different profiles will be compared.

In the step of creation and application of this SG, the experiences
required were first defined. ese experiences were divided into two
groups: theory that must be inserted in the game (T group) and events
that must be inserted in the game (E group). e SG was designed in
four levels (S group) and applied to groups of students with specific
characteristics (G group). ese groups are described in section 4. e
authors aim to verify whether theories (T group) and learning events (E
group) are well-distributed over levels (S group).

At the stage of efficacy evaluation, two instruments were used
to measure the level of learning and motivation. ese results were
compared among the four groups of students. In the measurement of
learning level, a list of statements (Appendix A) was prepared by the
authors regarding the practical effects of some tools and concepts of Lean.
Each student was asked to choose, on a scale, their level of agreement with
statements. is list was delivered before the SG and immediately aer
the SG, keeping the same statements. To measure student motivation,
the ARCS Motivation Model and Instructional Material Motivational
Survey (IMMS) were used, as described in section 2.3.

4 Development and application of the SG

is step begins by defining the theory that should be inserted into the
game (T group). e T group was defined in the following manner:
5S (T1), Push System (T2), Pull System (T3), TPM (T4), SMED (T5),
Kanban (T6) and Takt Time (T7). e elements of this group were
defined based on consultations with academics working on teaching lean
manufacturing concepts and tools. e authors of this study also work
with this theme.

Some events were inserted in the game (E group). ese events aim to
increase the student learning with respect to the T group elements. us,
the E group was defined in the following manner: the perception of the
misalignment between demand and production (E1), the perception of
the effect of 5S (E2), decision-making in relation to the positioning of the
kanban (E3), the perception of the effect of positioning the kanban (E4),
the perception of the effect generated by the high setup time (E5), the
perception of the difference between the process cycle time and takt time
(E6).

For this study, the SG was applied in four groups of students. In this
paper, the term “student” was used to represent all participants. e
groups are:

a) Group 1 (G1) - is group was composed of associates of the
management sector of a high-tech company. Men and women aged
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between 21 and 50 years. Some participants of this group had studied the
Lean philosophy previously.

b) Group 2 (G2) - is group was composed of students of business
undergraduate course. Men and women aged between 21 and 23 years.
None of the students had studied Lean philosophy before participating
in this SG.

c) Group 3 (G3) - is group was composed of students of industrial
engineering undergraduate course. Men and women aged between 21 and
23 years. Before participating in this SG, all these students had studied
Lean philosophy.

d) Group 4 (G4) - is group was composed of students of an industrial
engineering graduate course. Men and women aged between 25 and 40
years. Some students of this group had already studied Lean philosophy.
e G2, G3 and G4 refer to courses at the same University in Brazil.

To approach all the elements defined in groups T and E, a serious game
initially published by Pinho et al. (2005) was chosen. e authors of this
study adapted this SG with new levels. us, this new SG was named 3L
(Lean Learning with Lego). Four levels designed for 3L were named S1,
S2, S3 and S4 (S group). Each level had a duration of four minutes.

is SG was applied to each group of students separately on different
days. e location where the SG was applied and the team of educators
were the same for the four groups of students.

is SG was designed to be about three hours long and to be applied
to approximately 20 students. During this SG four teams of at least three,
and no more than five students, were formed. LEGO® pieces were used
in this SG to simulate raw material, work in process, and finished goods.
e SG is conducted by one or more people who will be called educators
this article.

e functions of the students of each team are: operator A, operator
B, finished goods (these three work stations form an assembly line),
controller, and manager. e last two functions can be performed by the
same student who has already been appointed to carry out either the
function of operator A, operator B, or finished goods.

LEGO® bricks with different shapes and colors were mixed and
delivered to each team. e teams are informed that they should assemble
3 different products. e only difference between three products is their
color (white, red or blue). Each product has two assembly steps. Operator
A performs the first stage of assembly and operator B completes the
assembly. When the product is assembled, it is sent to the finished goods
area to be shipped on a truck (trucks are drawn on sheets of paper).
At the end of each level (four minutes), the controller must complete a
worksheet that guides the team to calculate their inventory costs and their
profit or loss on the sale of shipped products. e following will describe
each of the four levels of SG (S1, S2, S3 and S4).

4.1 Level 1 (S1)

a) Rules for customer service
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Each team is informed that they should ship 30 products (10 white, 10
red, and 10 blue). In each team, the student responsible for the finished
goods area receives a card with 6 trucks (numbered from one to six), where
each truck should receive 5 products according to the color indicated on
the truck itself. e teams are informed that the six trucks must be fully
completed in four minutes. is information allows the calculation of
takt time (240 seconds / 30 products = 8 seconds per product).

b) Rules for the production
Operator A receives a list of production orders which is different

from the list of operator B. ese lists report the amount and color of
the product that is to be assembled, composed of alternating batches of
different numbers and different colors. Operators A and B are informed
that they must follow the list in the correct sequence. e sequence of the
products of the trucks is different from the list of production orders.

Operator B is the only one who must execute a setup operation before
production of the lot of each color. is setup is done by assembling four
extra LEGO® bricks. is assembly was purposely designed, in the SG, to
consume a considerable amount of time.

c) Occurrences in this level
Because the LEGO® bricks are disorganized (region 1 of Figures 1a and

1b), operators A and B spend a lot of time finding the correct bricks for
assembling the products. During this first level, operator B is suddenly
interrupted by the educator for 20 seconds. is event simulates a broken
machine (maintenance corrective). In addition, students realize setup
operation causes significant delays in production.

Figure 1a
Level 1 of 3L game (1. Raw material disorganized;

2. Few shipped finished products). Source: Authors.
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Figure 1b
Level 1 of 3L game (1. Raw material disorganized; 2. Few

shipped finished products; 3. Work in process). Source: Authors.

Every 8 seconds (takt time) the educator announces that a product
should be shipped in the truck. However, teams can not keep this pace.
At the end of four minutes, the teams can not fill the trucks (region 2
of Figures 1a and 1b). Moreover, teams generate a large work in process
inventory (region 3 in Figure 1b). As the lists of production orders are
not synchronized with the demand represented in the trucks, few finished
products are shipped. Figures 1a and 1b show students playing the level
1 of 3L game.

d) Financial results recorded by the controller
e teams record financial loss aer S1. is loss can be explained by

three reasons: the high cost of work in process, the high cost of finished
products not shipped, and low revenue obtained due to the shipment of
only a few finished products.

e) Interval between S1 and S2

At the end of S1, the teams discuss and the manager of each team
announces to the educator the problems observed. One of the reported
issues was that the students complained about the short available time
to complete the task. In addition, some solutions are proposed to the
teams. e educator manages the discussion among the teams. Aer, the
educator provides some explanations, highlighting the reported problems
and presenting the concept of 5S and TPM. ese two theories are used
in S2.
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4.2 Level 2 (S2)

a) Rules for customer service
e rules are the same as S1.
b) Rules for the production
e educator distributes a new set of LEGO® bricks, which are

organized and previously separated by each team. Now, only the parts
necessary for assembly of the product are delivered (5S implemented).
Furthermore, the interruption of operator B no longer happens (TPM
implemented). e lists of production orders are the same as those used
in S1. e proposal at this level is to check the effect of 5S and TPM on
the production line. e setup is not changed in this level.

c) Occurrences in this level
Aer implementing 5S (region 1 in Figure 2) and TPM, operators are

able to produce more parts. A small increase in the number of products
shipped is observed. However, students also observe an increase in the
work in process and an increase of unshipped finished products. Students
realize that 5S eliminates part of the waste, but there is still a misalignment
between demand and production.

Figure 2
Level 2 of 3L game (1. Raw material organized aer the 5S). Source: Authors.

d) Financial results recorded by the controller
e teams still report financial loss aer S2. e reasons are the same

as indicated in S1.
e) Interval between S2 and S3

One more time, the managers of the teams report the remaining
problems. e educator introduces the concept of kanban and pull
system. In addition, the educator explains the concept of production
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leveling and tells the teams that in S3 the sheets containing the trucks will
be replaced. e same number of products has to be shipped. However,
the new shipping sheets provide a sequence with more batch interchanges.
As a result, students predict major difficulties due to the setup. is
finding is important for the process of active learning, since the students
could reflect on the setup problem outcomes.

4.3 Level 3 (S3)

a) Rules for customer service
At this level, there is a new sequence of shipments composed of more

batch interchanges.
b) Rules for the production
e bricks are rearranged, keeping the implemented 5S. e setup is

not changed at this level. e educator presents the teams a sheet that
represents a visual kanban, formed by three rectangles in the colors of
three products. Each rectangle must contain only one product of the
respective color. Each team must decide whether to put this visual kanban
in the operation A (replacing the list of production orders in operation
A and keeping the list of production orders in operation B) or in the
operation B (replacing the list of production orders in operation B and
keeping the list of production orders in operation A). e educator waits
two minutes for teams to decide. Each team makes its own decision.

If the decisions made by all teams are equal, the educator does not
interfere and accepts the decisions. e educator hopes the teams make
different decisions, to compare the effects of decisions among the teams.
However, the educator should not control the decisions of the teams.
Regardless of the decision, it is important that the teams realize the effect
of their decisions. Aer the effects are observed, the educator reveals the
best decision and explains why it is in fact, the best choice. erefore,
regardless of decisions made by the teams, all students learn the best
decision according to the lean principles.

c) Occurrences in this level
Teams which opted for the kanban to be positioned in operation B

(closer to the end customer) have much better results than the other
possible choice. is perceived difference in results is important for the
active learning process, because the students could feel the impact of their
own decisions.

With the choice of replacing the list of production orders of operation
B with the kanban (region 2 in Figure 3), a greater number of finished
products is shipped. is is because the pull system programming occurs
in the area of finished goods, thus aligning production in B with customer
demand (defined by trucks). However, there is also the formation of work
in process inventory between operations A and B, due to the permanence
of the list of production orders in operation A (region 1 in Figure 3).
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Figure 3
e choice of the kanban positioned in operation B in Level 3 (1. List of production

orders of operation A; 2. Kanban used in operation B). Source: Authors.

d) Financial results recorded by the controller
e recorded results show the effects of choices made by teams. e

teams that had chosen to place the kanban in the operation A had a low
income due to the small number of shipped products. Moreover, this
choice generated high costs in inventory of not shipped finished products.

e teams that had chosen to place the kanban operation in B recorded
profit. is is because of the revenue increase due to the larger number of
products shipped. Although this choice also results in a large cost in the
work in process inventory, there is a great reduction in the cost of finished
products not shipped (only products that were in the kanban). In fact, all
finished products were produced according to demand.

e) Interval between S3 and S4

At this point some information on the theory is presented to explain
the differences between the choices made by teams, as alignment of
production with demand. In S3, the push and pull systems were working
together.

Additionally, the concept of SMED and the unwanted effects of high
setup time for production are explained. It is announced to the teams that
two kanban controls will be used in S4, so that production becomes fully
converted to the pull system. In addition, improvements are announced
in the setup.

4.4 Level 4 (S4)

a) Rules for customer service
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ere is no change of rules for customer service in S4.
b) Rules for production
A new visual kanban is implemented. us, the four teams start using

the kanban in operations A and B, making the system totally converted
to the pull process. Furthermore, the assembly of the setup operation is
replaced by a much faster one (by applying the theory of SMED).

c) Occurrences in this level
Since all teams are now following the same rules, the facts observed

between them are the same. e kanban positioned in Operation A
(region 1 in Figure 4) decreases the work in process inventory (only 3
units now). Likewise, the kanban in operation B (region 2 in Figure 4)
decreases the inventory of products not shipped. e setup operation
becomes a quick activity (region 3 in Figure 4), allowing operator B
to assemble different batches without a significant loss of time. With
the production converted to the pull system and in line with customer
demand, the teams are able to ship 30 products requested by the customer
in less than 4 minutes (region 4 in Figure 4).

Figure 4
Level 4 of 3L game (1. Kanban of operation A; 2. Kanban of operation B;
3. Setup operation with quick assembly; 4 Full trucks). Source: Authors.

d) Financial results recorded by the controller
At the end of S4, it is clear that the teams had profit due to the shipment

of all products and the applied control to the formation of inventory. is
financial result is the best of all the levels.

e) e end of the game
Aer S4, the educator summarizes the events during the levels.

Typically, during S4, teams completely fill the trucks in less than four
minutes. Nevertheless, the educator must wait a period of four minutes
to complete the level. e teams that finish production in less than four
minutes remain waiting, idly, until the end of the level. is waiting is
important in this process of active learning because students realize that
the cycle time of the production line became much smaller than the takt
time.

To increase student awareness of the difference between the cycle time
and takt time, the educator asks the teams to unload the shipped products
on the first truck. Aer this, a rule is set for the reassembly of the products
of this first truck. e student in the area of finished goods must pull a
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finished product kanban B only when the educator orders. is order will
be given every 8 seconds (takt time). So every 8 seconds operators A, B
and the student responsible for the finished goods area must start and
complete their tasks. is way, it is possible to observe that the production
rate established by the takt time is much less than the rhythm maintained
by students in S4. is discovery is an important part of this active learning
process, since it makes students reflect on the results of S1. As opposed to
what the students felt in the end of S1, it is totally feasible to deliver all
products within four minutes.

4.5 e relationship among the sets T, S, E

Aer presenting the levels of this SG, it is possible to see when the theories
(T) and events (E) were explored in this active learning process. Figure 5
shows this.

Figure 5
e use of theories, Tn, and occurence of events, En, within the levels Sn. Source: Authors.

Where:

5 Efficacy evaluation of 3L game

For efficacy evaluation of the 3L game, two instruments were applied
to four groups. e first instrument assessed the learning aspect of the
students and the second evaluated the students’ reaction through IMMS/
ARCS.

5.1 Learning evaluation

A list of five statements about the practical effects of some tools and
concepts of Lean was developed and applied. is list was given to the
students before they participated in the 3L game. Each student was asked
to choose, on a scale, their degree of agreement or disagreement with each
statement. Aer students choose the options, the educator takes the list.
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Aer the 3L game, the list was handed back to students. Each student
could at this time change their degree of agreement or disagreement
with each statement. e goal is to verify that the student's experience
participating in the 3L game changed his or her knowledge related to the
Lean philosophy.

In each statement on this list (Appendix A), the participant chose
a unique alternative to express their opinion. Before the 3L game, a
range of responses with scores from 1 to 5 was on the list. A value of 1
(undesirable) was assigned when the student completely disagreed with
a true statement or when the student agreed completely with a false
statement. On the other hand, the value 5 (desirable) was assigned when
the student completely disagreed with a false statement or when the
student agreed completely with a true statement.

e scale was changed in the list delivered aer the 3L game. To
be able to measure the increase of the student's conviction to agree or
disagree with the statement, the range of answers was changed to scores
between 0 and 6. e value 0 was assigned when the student, aer
the 3L game, further increased his conviction agreeing completely with
a false statement or disagreeing completely with a true statement. In
these cases, the 3L game would have further induced the student to the
misinterpretation of the theory. Similarly, the value 6 was assigned when
the student increased his conviction about the right choices.

e responses of groups, before and aer the 3L game, were compared
in order to test whether there was a significant increase in the knowledge
of the students.

e responses of the participants in each of the 4 groups of students
were grouped as follows: responses before 3L game (G1B, G2B, G3B and
G4B) and responses aer the 3L game (G1A, G2A, G3A and G4A). When
analyzing the responses before and aer each group, it was observed that
their average had increased aer the application of 3L game, as can be seen
in Figure 6.
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Figure 6
e interval Plot of group responses. Source: Authors.

To confirm whether each group had a significant increase in the score
of right answers it was necessary to perform a Wilcoxon Signed-Rank
Test (Miller & Miller, 1993; Walpole et al., 2009.). e justification for
the use of this test is because samples are paired and nonparametric. e
difference in the scores of responses from each group, before and aer the
3L game, was called DG1, DG2, DG3 and DG4. e hypothesis test was
defined as:

e results of the statistical test are presented in the Table 1.

Table 1
Wilcoxon Signed-Rank Test of the group difference.

It is observed that in all groups analyzed the P-value was less than 5%.
us, for all groups, the null hypothesis (H0) must be rejected. is result
shows that all groups showed a significant increase in learning. at is, in
general, the groups improved their scores significantly, aer participating
in the 3L game. is change indicated greater knowledge of the subjects
covered.

5.2 Motivation evaluation

e authors used the ARCS Motivation Model and Instructional
Material Motivational Survey (IMMS), as described in section 2.3.
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Each student received the IMMS form only at the end of the 3L game.
e answers are separated into predetermined groups in accordance with
the following criteria: Attention (A), Relevance (R), Confidence (C) and
Satisfaction (S). e answers are scored using a Likert scale from 1 to 5 (1
- strongly disagree to 5 - completely agree). e maximum possible score
in each criteria is obtained by multiplying the number of statements of
this criteria by 5, and the minimum by 1.

With the results, the values of Cronbach's alpha were calculated
(Cronbach & Shavelson, 2004), in order to have an estimate of the
internal consistency of the data. e Alpha calculation of all respondents
was 0.8672. When the analysis was done by group (G1, G2, G3, G4), the
following respective alpha values were obtained: 0.8853, 0.7508, 0.8797
and 0.9303. Considering a desired Cronbach's alpha above 0.70, the form
is classified as reliable.

Next, for the different criteria (Attention, Relevance, Confidence and
Satisfaction) and for the group of students (G1, G2, G3 and G4), the
average sum of the students’ scores was obtained using Equation 1.

Where:
 = group of students (G1, G2, G3 and G4);
y = ARCS criteria (A,R,C, S);
 = average of Gx group in the criteria y;
 = number of students who participated in group x;
 = number of statement in the criteria y;
 = score of the student i from group Gx in the question j of the criteria y.
e authors of this study normalized these values, thereby generating a

motivation parameter (MP), as shown in Equation 2.
Where:
 = minimum possible sum of scores that a student can obtain in criteria

y (the worst scenario);
 = maximum possible sum of scores that a student can obtain in criteria

y (the best scenario).
Table 2 shows the MP values obtained.

Table 2
MP values related to the four criteria and to the group of students.

In all cases the MP values were greater than 85%. us, there has been
a satisfactory degree of motivation as shown in Figure 7.
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Figure 7
ARCS analysis. Source: Authors.

6 Discussion of results

In the learning evaluation, the group G3, formed by students who had
studied Lean philosophy before the 3L game, showed higher scores before
the game. However, their increase in the score was also significant.

e group G2, formed by students who had not studied Lean
philosophy before the 3L game, had the highest increase in scores (Figure
6). is result showed that the game developed was able to successfully
transmit the theory, even for students who had no prior knowledge on
the subject.

Regarding motivation, the results presented in the Table 2 show MP
values above 85%. ese groups had different profiles, different age ranges
and different levels of prior knowledge. Even with these different profiles,
the results to motivation were similar and highly favorable for educators.
e authors of this research attribute the positive results presented in the
tests of learning and motivation to the following reasons:

7 Conclusions

is research presented a detailed description of an SG developed for
teaching Lean philosophy. e preparation of the levels of this game came
from the need to include theoretical elements and predefined learning
events. Once developed, the SG was evaluated according to the learning
(the list of statements about Lean philosophy) and motivation aspects
(IMMS/ARCS) displayed by students. Four groups of students were
considered in this study. Each group had different characteristics, such as
the age and the level of prior knowledge of Lean philosophy.

e results indicated that the four groups showed positive results in
learning and motivation. Regarding the learning evaluation, all groups
showed a significant improvement, since the P-values were less than 5%



Fabiano Leal, et al. Learning lean with lego: developing and evaluating the efficacy of a serious game

PDF generated from XML Redalyc JATS4R
Project academic non-profit, developed under the open access initiative

in the Wilcoxon Signed-Rank Test. In the motivation evaluation, the
MP values obtained were higher than 85%, which can be interpreted as a
satisfactory degree of motivation.

Finally, this study highlights that the use of an SG can improve the
process of teaching and learning, allowing a good level of student learning
in a pleasant and motivating environment. Similar results were reported
by Geithner & Menzel (2016) and Pourabdollahian et al. (2012).

As proposals for future studies, the authors suggest: (i) analysing
learning outcomes, according to Bloom´s Taxonomy; and (ii) evaluating
the SG by all aspects presented in Kirkpatrick model measures (reaction,
learning, behavior and results).
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(Score: 6) It increased my conviction that it is true.
(Score: 5) I am convinced that it is true that statement.
(Score: 4) I think it's true that statement.
(Score: 3) I do not know.
(Score: 2) I think it's false that statement.
(Score: 1) I am convinced that it is false that statement.
(Score: 0) It increased my conviction that it is false.
2) e decrease of the setup time does not allow the production in small

batches.
(Score: 0) It increased my conviction that it is true.
(Score: 1) I am convinced that it is true that statement.
(Score: 2) I think it's true that statement.
(Score: 3) I do not know.
(Score: 4) I think it's false that statement.
(Score: 5) I am convinced that it is false that statement.
(Score: 6) It increased my conviction that it is false.
3) In a process “half pull, half push” is better put the pull control near

to the final customers.
(Score: 6) It increased my conviction that it is true.
(Score: 5) I am convinced that it is true that statement.
(Score: 4) I think it's true that statement.
(Score: 3) I do not know.
(Score: 2) I think it's false that statement.
(Score: 1) I am convinced that it is false that statement.
(Score: 0) It increased my conviction that it is false.
4) e operator does not have how to know what and when he needs

to produce using only the Kanban visual control.
(Score: 0) It increased my conviction that it is true.
(Score: 1) I am convinced that it is true that statement.
(Score: 2) I think it's true that statement.
(Score: 3) I do not know.
(Score: 4) I think it's false that statement.
(Score: 5) I am convinced that it is false that statement.
(Score: 6) It increased my conviction that it is false.
5) e use of visual Kanban induces the operator to produce only the

necessary and at the right time.
(Score: 6) It increased my conviction that it is true.
(Score: 5) I am convinced that it is true that statement.
(Score: 4) I think it's true that statement.
(Score: 3) I do not know.
(Score: 2) I think it's false that statement.
(Score: 1) I am convinced that it is false that statement.
(Score: 0) It increased my conviction that it is false.
at is the aer version. In order to obtain the before version must

remove the highlight options for each statement (Scores 0 and 6).
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