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ABSTRACT

This paper shares our work in developing and implementing a gamification training platform
for students who undergo manufacturing shopfloor training at the School of Engineering,
Nanyang Polytechnic, Singapore. In this gamification training platform, we developed a virtual
manufacturing shopfloor that is identical to the actual shopfloor located in the school. Students
have the freedom to learn the manufacturing shopfloor operations and safety acts through the
various game scenarios and training tasks which include workshop safety, CNC machine
introduction, CNC machining dynamics, MES, etc. In addition, the assessment feature with
immediate feedback were embedded within the gamification platform, which aims to help
students to assess their level of understanding and help teachers to monitor the learning
progress of their students. To investigate the impact of this gamification training platform on
students’ learning outcome and motivation in manufacturing shopfloor technologies and safety
acts, a pilot study was conducted in AY2018 semester 2 for a total 134 students from 4 classes
of digital & precision engineering diploma. It is found that gamification can be integrated
effectively into manufacturing education to motivate students and enhance their learning
effectiveness. Based on the collected data from the technical quizzes and satisfactory survey,
the results showed that the integration of gamification into the classroom learning not only
added a stimulating and captivating game-like layer to the learning experience of the students
but also provided a safe environment for students to learn without fear of making errors.
Challenges faced in implementing this gamification training platform will also be discussed in
this paper.
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1. INTRODUCTION

Learning is an active and participatory process and requires motivation to begin and continue
the journey. Standard lessons for manufacturing shopfloor training are sometimes considered

boring and ineffective by some students. Motivation can, therefore, be a problem, especially
when students do not have enough technical background to catch the objective of given
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learning activities. Moreover, standard training approaches via literal manuals and verbal
instructions are inefficient for students to familiarize with the manufacturing systems and
operational procedures of manufacturing shopfloor. Considering the common constraints at
the shopfloor such as limited facilities, compact schedule, insufficient instruction hours, cost of
equipment, students often do not have sufficient hands-on practices, and thus face difficulty in
operating the manufacturing systems such as CNC machines and Manufacturing Execution
System (MES).

Gamification is becoming more prevalent in education because of its perceived ability to
motivate students and make their learning activities more active and participatory (Christensen
& Raynor, 2003). In the literature review for gamification in education (Caponetto et al., 2014),
the authors confirmed the increasing interest in gamification in education by using Google
Scholars. In “Does Gamification Work? — A Literature Review of Empirical Studies on
Gamification” (Hamari et al., 2014), the researchers took a structured approach to determining
the effectiveness of gamification. In practice, Bradley Wiggins discussed how games and
simulations were applied in the classroom of higher education (Bradley Wiggins, 2016). Their
research showed that gamification in education produces positive effects and benefits for a
majority of current studies.

In recent years, gamification education has been applied in many disciplines such as math,
health, aerospace, business, computer science, life and chemistry, digital media, etc. (Oxford
Analytica, 2016) and (Yu-kai Chou, 2017). However, little emphasis has been given to the
gamification education for manufacturing shopfloor training. Gamifying shopfloor machines
and operations can give students support beyond the shopfloor, help to familiarize with
shopfloor systems, increase motivation, and reduce their fear while approaching to actual
machines. Gamification can be a better education environment for shopfloor training, not only
taking advantage of the gaming technology in production, but also transferring the gaming
knowledge and expertise on game design to motivate and train students. This paper presents
our work on developing and implementing the gamification platform for manufacturing
shopfloor training at the School of Engineering of Nanyang Polytechnic. It first covers the
development of the gamification platform development and its elements. Subsequently, it
presents the creation of gaming tasks to reinforce our teaching curriculum. After that, it
describes the implementation results of the gamification platform in enhancing students’
learning experience. Finally, the evaluation and discussion of the gamification training platform
are given to provide educators with our insights into how to integrate gamification principles
into existing curriculums and enhance its effectiveness.

2. DEVELOPMENT OF GAMIFICATION PLATFORM

The aim of the gamification platform is to reinforce our course concepts and enhance students’
learning experience beyond the classroom. This gamification platform and its tasks are
designed to fit into the current curriculum of digital precision engineering diploma at our school.
Itis built to train the various manufacturing technologies applied in the manufacturing shopfloor.
It also plays an important role in preparing students before they approach the manufacturing
shopfloor operating actual manufacturing systems (such as CNC machines, CMM and MES)
for their learning activities and final year projects. Educational gamification seeks to add game-
like concepts to a learning process and impart educational benefit. The gamification platform
presented in this paper thus focuses on achieving four gaming aspects, i.e. gamification reality
environment, goal-focused tasks, assessment, and reward mechanisms.
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2.1 Gamification Reality Environment

The gamification environment should demonstrate the real-world contexts in a virtual gaming
world to foster motivation and enhance learning experiences regarding given teaching contents.
One common issue of gamification education is “The gaming environment is not really identical
to the real environment”. Trainees will still confront uncertain obstacles and frustrations in front
of actual objects and situations because they need to cope with the variations among virtual
gaming contexts and real ones. Responding to this challenge, we strive to design the
gamification environment and contexts identical to the ones of the actual manufacturing
shopfloor of our department.

Figure 1 shows the manufacturing shopfloor of School of Engineering, which supports students’
training and their final year projects. The shopfloor comprises of various manufacturing
systems including CNC machines (including milling, turning, turn-mill center, grinding, etc.),
CMM, EDM, MES from different makes and models as listed in Table 1. Compared to the
presented virtual gamification environment (seen in Figure 2), it is obvious that all gaming
contents and elements are identical to the actual shopfloor in terms of their layout, model,
quantity, feature, dimension, appearance, etc. The gaming elements of serval real components
are displayed in Table 1. Besides the manufacturing systems, other features and facilities
(such as tables & chairs, workstations, workpieces & tools, distinguishers, first aid kit, lighting,
etc.) are also created in the gamification environment to realize the full sense of reality. With
the practices from such a ‘real’ virtual gamification environment, students are expected to be
able to seamlessly transform their skills gained from the game to the actual shopfloor
operations with little transition barrier.

N |

Figure 2. Virtual gamification environment

Table 1. List of Manufacturing Systems and Gamification Elements
Machine & facility | Model & type Quantity | Gaming element

DMU 40 Evo (5 axis milling)
Mikron 400 U (5 axis milling)
Mikron 500 LP (3 axis milling)
Mikron HSM 400 (HSM milling)
CNC machines DMU 50 Evo (5 axis milling)
Kern 500 Micro (micro milling)
Okuma LB3000 (turning)
Amada MS G3 (profile grinding)
Studer S31 (grinding)

N NI ES
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Mazak 1-200 (turn-mill centre) 2

Zeiss DuraMax 1
CMM

Wenzel Xorbit 1
EDM machines AgieCharmilles FO 350 1

3R ITC System (including CNC
MES machines, CMM, robot arm, 1 set

control centre, tool magazine,
EDM, etc.)

Toolbox, work piece, material,
Table, chair, distinguisher, first -
aid, etc.

Other facilities and
systems

2.2 Gamification Training Task

Effectively integrating gamification into education demands a thoughtful study of the training
contents, learning objectives, and the students involved. After considering the holistic structure
of our teaching curriculum and the desired gamification elements and mechanisms for effective
training and efficient learning, we strive to achieve the below goals while designing the
gamification tasks for manufacturing shopfloor training:

Scenario-based tasks to make training realistic

Gaming driven approach by interactive challenges and quests

Game-based design to enhance entertainment and engagement experience

Timed decision-making activities to inspire potential learning passion

Learn by “doing” with step-by-step process

In this gamification education platform, a total of 16 gaming tasks were developed covering the
below three topics to support the teaching curriculum for manufacturing shopfloor training:
a) Train the safety awareness and reactive actions of the manufacturing shopfloor
b) Introduce the various manufacturing systems of the manufacturing shopfloor
c) Train and teach the machining techniques, mechanisms, applications, operations,
dynamic, and machining methods of different manufacturing systems of the
manufacturing shopfloor

2.2.1 Shopfloor Safety Training

Safety awareness is important and a compulsory procedure in manufacturing shopfloor by
Workplace Safety & Health Act (WSH). Under this act, all parties must manage risks at work
and adhere to safe work procedures. In this gamification platform, three scenario-based
gaming tasks were created to reinforce the safety awareness at shopfloor, to cultivate good
safety habits, and to promote a strong safety culture for all students in our workplace. Table 2
describes the details of the three safety training tasks including their game scenes, game
scenarios, and corresponding training objectives. In the first task (Task 1-1), students need to
wear safety suits properly at the entrance of the shopfloor before any other training actives.
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Once a fire event is triggered (Task 1-2), students must quickly locate the distinguisher and
pull out the fire, which may occur at different locations of the shopfloor. Running out of time for
this task will evoke system warning. While Task 1-3 is triggered, students need to pick up the
oil blotting paper and clean the oil stain appearing at random sites. Through these activities,
we want to cultivate students with good safety habits and reinforce their safety awareness. In
addition, students can also familiarize with shopfloor layout and the locations of safety facilities.

Table 2. Shopfloor Safety Training Tasks

Game task Game scene Game scenario Training objective
Task 1-1 ¢ Pick up and wear safety suit ¢ Aware of safety
e The first game task cautiousness of
Wear Safety shopfloor
Suit o Wear safety suit
e Fire event is triggered occasionally properly pgfore
Task 1-2 with random sites any actities
Put Out Fire . Piqk up distinguisher to pull out fire * Sslier?g;](;)i:lbslﬁltri]ng
quickly paper
Task 1-3 o Ol stqin event_is triggered _ e Aware of fire alert
occasionally with random sites o :
Clean Oil Stains « Pick UD Oi : .| » Familiar with the
k up oil blotting paper to clean oll locations of safety
stain facilities

2.2.2 Manufacturing System Introduction

Manufacturing system introduction tasks are designed to introduce the various manufacturing
systems of the shopfloor. Through the total seven gaming tasks from Task 2-1 to Task 2-7 (as
listed in Table 3), students are expected to familiarize with various CNC machines, CMM, EDM,
MES, and learn diverse manufacturing technologies of different manufacturing clusters of the
shopfloor. To complete these gaming tasks, students need to explore different manufacturing
systems, understand their operations and features, and closely view the machine structures
and simulations at the virtual gaming environment.

Table 3. Manufacturing System Introduction Tasks

Game task Game scene Game scenario Training objective
Task 2-1 P Based on the given | « Familiarize the layout and
jobs, student should: system clusters of the
Learn DAY « Identify the right shopfloor
Milling manufacturing e Familiarize with various CNC
Task 2-2 system machines (i.e. 3 axis milling, 5
e Collect appropriate axis milling, turning, HSM
Learn O'FUMA system information |  milling, turn-mill and grinding
Turning « Invoke proper machine)
Task 2-3 actions and ¢ Understand the differences of
operations different machines (including
Learn MIKRON « Investigate axis, design, key components,
HSM Milling machine configuration, mechanical
controllers and structure, tooling system,
Task-234 functions functions, operations and
Le.?_'”” M:A?I?K applications)
urn-Mi
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Task 2-5
Learn AMADA
Grinding

Task 2-6
Learn EDM
System

Task 2-7
Learn MES
System

o Familiarize with EDM machine
(including key components,
configuration, mechanical
structure, tooling system,
functions, operations and
applications)

e Familiarize with MES and its
system elements (including
control centre, robot arm, tool
magazine, CNC machines,
CMM, etc.)

2.2.3 Manufacturing System Mechanism and Application

Six gaming tasks (from 3-1 to Task 3-6 listed in Table 4) are designed for students to learn the
manufacturing mechanism, dynamics, functions, methods, and controllers of various
manufacturing systems. To complete these tasks, students should find the right machines and
operations for specific given jobs, including 3 axis milling, turning, turn—mill, multi-axis
machining, drilling, grinding, integrated MES, etc. Through the job executions and simulations
without the worry of mistakes and safety issues, students can establish a deep understanding
of machining mechanism, dynamics, job operations, functions and machine controllers.

Table 4. Manufacturing System Mechanism and Application Tasks

Game task Game scene Game scenario Training objective
Task 3-1 Based on the given ¢ Understand the manufacturing
: s jobs, student should: mechanism and functions of
SrAXie] Matting o |dentify the right manufacturing systems.
Job manufacturing e Understand CNC machining
systems operations, such as 3 axis
Tas.k 332 o Execute the right mﬁlling, turning, turn—mill, multi-
Turning Job functions and axis machining, etc.
operations with ¢ View machining operations and
Task 3-3 appropriate simulations cIoser and safely to
oy procedure Understand machine
Drilling Job e Invoke proper configurations and dynamics.
simulations and ¢ Able to choose the right
Task 3-4 protocols machine to operate the specific
5-Axis Milling e Fix encountered task
Job errors and ¢ Learn machine controllers and
anomalies user interfaces
Task 3-5 accordingly e Learn the components of MES
Turn-Mill Job * Answer the in-time and how diverse manufacturing
guestions systems are integrated within a
¢ View simulations single system
Task 3-6 and machine
MES Job controllers

2.3 Assessment and Reward Mechanism

Assessment features are built within the gamification platform to assess students’ learning and
training results. Students can view their training progress and results as shown in Figure 3. A
leaderboard is typically used in competitive activities and in encouraging repetitive actions. In
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this gamification platform, a leaderboard is developed to display students’ gaming achievement
with their game ranking (in Figure 4). As a coarse-grained technique tool, it provides just-in-
time feedback and overall competencies as well as plays as a motivator to encourage little
further effort to achieve better results.

Summar\r of Results: Shopfloor Training Ranking Results
User Name: T146528K Fiocent players Top 10 playors
Task Tirse Taken Raemark raden T {: ] = foward Rl HNama TimeSa 1]
Task 1-1 743 Completed [ 1730004
Task 1-2 1918 Completed
Tusk 1:3 2891 Completed l 2 172684 ¥
Task 2-1 17.08 Excellent ” . o iy
Task 2:2 1842 Eunﬁ-nd
Task 2-3 .45 Completed 4 175277A 2
Task 2.4 30.19 Comgpleted
Task 2-5 327 Completed 5 175 80Y m 5 1746000 126
Task 2.6 30.95 Eewmd
Tack 2.7 7.4 Complated 13 17cnic 1058 & WETIZ0K 40
Task 3-1 51.02 Completed " ENOM a
Task 3-2 48.30 Comploted
Task 3-3 .00 Compioted ] 1701060 2000 5 1 MTE 54
Task 34 31.56 Comgieted
Task 3-5 3788 Completed L] 17C1a2A 2% L] E1002834L
Iuk e s £ = 1 17C1 4E 1758 74F B
Total Time: 08:25 : e e
CQuit Log ot Restart 12 TEIS S .Y 03 -
Figure 3. Gamification assessment Figure 4. Leaderboard for gaming results

3. IMPLEMENTATION AND RESULTS

The shopfloor gamification training platform was implemented at the manufacturing shopfloor
of Nanyang Polytechnic in AY2018 semester 2. It was launched as an e-Learning platform for
those students just before having their learning activities and final year projects at the
manufacturing shopfloor. A total of 134 students from 4 classes of digital precision engineering
diploma are involved in the gamification evaluation. To investigate the effectiveness of the
gamification platform, a set of technical quizzes and game feedback survey are produced. The
technical quizzes include 16 questions covering the training objectives based on the digital
manufacturing shopfloor training curriculum. The game feedback survey contains 10 questions
focusing on the psychological need and game satisfaction of all participants. Before the
gameplay, teachers had taught the knowledge of the manufacturing systems of the shopfloor
in classroom verbally and their self-learning with literal training documents. Class 1 and Class
2 completed the technical quizzes before playing their gaming tasks, while Class 3 and Class
4 completed the technical quizzes after they played the gaming tasks. Table 5 shows the
comparison of the results of technical quizzes by the 4 groups respectively. The average
scores of Class 1 and Class 2 are 53 and 56 respectively. The scores Class 3 and 4 are 67
and 68 respectively. It showed an overall 15% learning improvement from gameplay.
Regarding of the fail rate (means <50% correct rate), 16% (i.e. 6 students) of Class 1 and 37%
(i.e. 10 students) of Class 2 failed in their quizzes. In contrast, only 6% (i.e. 2 students) of Class
3 and 3% (i.e. 1 student) of Class 4 failed in their quizzes. It revealed a significant improvement
by use of gamification education in leveling up the fundamental knowledge of manufacturing
systems. Our finding implied that gamification education is much efficient in helping those weak
learners, for whom classroom teaching is less effective, reaching a satisfactory knowledge
level in the shopfloor technology training.

Among the total collected 122 game feedback and satisfactory surveys, the 93% (i.e. 113
students) agreed that the gaming play had much helped them in familiar with the manufacturing
systems of the shopfloor. They are more confident in operating CNC machines with much less
fear of making errors. The 91% of participants responded that the game play had deepened
their comprehensive knowledge in understanding diverse manufacturing systems of the
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shopfloor. The 76% (i.e. 99 students) indicated that they would like to have such gamification
in other modules in our school.

Table 5. Comparison of the Results of Technical Quizzes

Class 1 Class 2 Class 3 Class 4
Student number 38 27 35 34
Gaming tasks? before before after after
Average score (%100) 56 53 67 68
Fail rate 16% 37% 6% 3%
(<50% correct rate) (6 students) (10 students) (2 students) (1 student)

The overall evaluation revealed that the gamification platform had a positive impact on
engaging students in their learning. It was also observed that students prone to involve in more
discussions, engagement and teamwork while playing a game, even for those ‘quiet’ students
in the classroom. Teachers also feel empowered to start integrating gamification elements and
mechanisms into their curriculum. It is concluded that gamification can be integrated effectively
into manufacturing education to motivate students and enhance learning effectiveness, as well
as provide a safe environment for students to learn without fear of making errors.

4. DISCUSSION AND RECOMMENDATION

Based on the findings through the implementation and evaluation of the gamification education
platform in our department, we would like to share our insights in several arguments as below:

a) Gamification environment should be identical to the real shopfloor

Manufacturing shopfloor training is in-nature practical training and its objective is to train
students in operating different CNC machines. Apparently, gamification training can be much
efficient if the virtual machines in game environment are identical to the real machines of the
shopfloor. Students can therefore easily match what they have learnt through gameplay with
the real systems with fewer variations. Our survey supported this finding. Moreover, we
recommended to setup gamification stations at the shopfloor, students can thus immediately
compare the actual components with their virtual avatars. We have done so, and the feedback
iS very positive.

b) Gamification is an effective e-Learning platform

Manufacturing shopfloor training often requires supportive activities, facility sharing, material
& tool consumption, operational guidance, as well as progress tracking and interactions. With
the gamification platform, students can practice training tasks without physical and time
constraints, and learn from mistakes that cannot be afforded at actual shopfloor. Our students
and instructors had confirmed the gamification platform as an efficient e-Learning platform.

¢) Gamification cannot replace classroom teaching and hands-on training

Our experience indicated that gamification platform works effectively in preparing students with
the general knowledge of manufacturing systems such as machine features, applications,
operations, etc. Gamification can also lead to building up internal motivation to engage with
real activities at shopfloor. However, it is hard to expect gamification platform covering entire
comprehensive curriculum contents and to train students in mastering deep and
comprehensive manufacturing knowledge. In a word, gamification can be applied to make
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learning more engaging, but it should not be viewed as isolation to classroom teaching and
hands-on training.

d) Reward mechanism should be achievable

We agree that rewards should be achievable with a sufficient level of effort. It is important to
create conditions and opportunities to achieve the ultimate goal. Each level of task is expected
to be more complex and require more efforts corresponding to newly acquired knowledge and
skills. By repetitive trials, students can improve their skills as well as achieve a better ranking.
We also agree that gamification should be used to increase motivation, but may not an effective
mechanism to grade students (lan Glover, 2013). It is not always the case that a student at the
top of the leaderboard is the best achiever in formal assessment.

e) Motivation could be related to intrinsic and extrinsic characteristics

We noted that some arguments exist in terms of the motivation by gamification in regard to the
individual’s intrinsic and extrinsic characteristics. Groh found that gamification seeks to
increase motivation by providing extrinsic recognition and reward for completing activities,
however, there is the possibility that such rewards can serve to de-motivate learners with an
already high intrinsic motivation (Fabian Groh, 2012). Similarly, Olsson (Marie Olsson, 2015)
argued that some of the variance in the effectiveness of gaming mechanisms depend on the
learner’s intrinsic motivation. These arguments need further studies in order to optimize
gaming tasks and mechanism with respect to the individual’'s characteristics.

During the implementation phase, we noticed two limitations of the current gaming platform.
One is that students expect more gaming tasks covering their teaching curriculum. The other
is the lack of gaming scenarios and consequences caused by mistakes or wrong operations.
These limitations will be considered in future work. In addition, the in-game perception of
students’ intrinsic and extrinsic motivation has not been taken into consideration in our current
work. One possible approach is to embed intelligent data analytics methods into the
gamification platform to perform learning behavior & pattern perception.
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