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Abstract

In 2012, i KS ' 3a20ALGA2y 2F 22NJSNBRQ /2YLSyal
approximately a quartemillion workplace injuries, a staggering figure keeping in mind
that some incidents go undocumenteld.is important that organizationcontinuemake

Occupational Halth and Safety (OHS) one of their top priorities.

In this thesis, weliscuss aiimplementation of an adaptive personalized learning support

system within a game that is centered on health and safety traitingromote the
understanding of health andagety material The design of the game incorporates a
FSSRoOoIFO]l t22L) GKFG Ozyadlryidate SgFfdad §Sa (K
learning challenges. As the players proceed within the game's environment their profile is
constantly updated thus pwiding an insight into their strengths and weaknesses. The

game is designed to adjust the challenges given to the player to focus on improving the

LX I &€ SNR& dzy RS Ndel§osUbf2hiddrheys Fo pranote hefalth @ndséfetyin

small and medium enterprise$hrough this game wereated a motivational designed

application that helps to teach targeted health and safety information to the workers.

The gamewas made n collaboration with thePublic Services Health andafSty
Associationbased in Toronto. ThgameaimsG 2 06 SGGSNJ GKS LJX I @ SNDa
performance in thedrganizational Performance &tric and hone their underlying health

andsafety skills.
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Chapterl: Introduction

1.1 Overview:

Throughout this thesis we will be discussing the need ficaedaptivegame to teach health

and safety information and procedur&hrough air research, outlined below iGhapter

2, we determined that a serious game with an adaptive system would be most applicable
to teach health and safety knowledgé seriousgameis an application where education
and play are integrated together to create a gamified learmrgeriencg10]. AsHealth

and Safety education has aextensive knowledge base, itequires personalized
occupational trainingandthe use of a serious game could increase the motivation and
retention of health and safetinformation. The advantage of using serious games is that

the application can mvide immediate feedback on the concesing learned.

In this thesis, we explore the use of a serious game with the elemeatapitive learning
[17],andUser Centered Design (U@B%] with the aim to help workers learabout health
and safety content through targeted educational materiah this introductorychapter,

we will discuss the motivations that started this project.

1.2 Motivation:

PSHSAeedsan encompassing digital tool to teach health and saféhystarget audience
required a largevariety of information withknowledge that couldpply only to specific

subsections of the user base. With this, we saw potential for using a digital application
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that immersed the users in their relevant health and safety informati®HSA saw the

potential for exploring the use of a video game to te#luls health and safety knowledge.

Video games are often seen as a form of entertainméniaddition toentertainment,

video games offean escape from reality for someasers[29]. Games exceh immersing

the player into the game world arftblding a user's attention for long periods of tiff39].

In games that useadaptiveArtificial Intelligence (Al)the content inthe gameis made
relevant to the usef33]. TKS 3IFYS |RFLI& G2 GKS dzaSNRa
experience or drive the flow of a gamEhese gameprovide a unigue experience for the
player, and gives the player an opportunity to learn a new way to play and expand their
knowledge of the game mechanid¢s.addition, games create their own environment and
rules, with a focus on entertainment rather than pure learning. However, due to the
intrinsic learning opportunities within a virtual environment like arg, video games
open an opportunity to teach real world skills within a virtual wbfl4]. These virtual
worlds provide a safe space for users to test their understanding of information. Within
this space, users can make mistakes without the real world implications that mistake
would have All games force the user to learn the rules of the gamay these be how

the world work or its mechanics.

Within gamesserious games focus on teaching a range or a specific skill or procedure in
a virtual environment whilenaintaining the interest of the ger[53]. Serious games can

be tailored to specific fields, or generalized to teach overarching expertise.

Health and safety trainings comprised of severatethods for training suchs traditional

classes where the workers train in a classroom sgf{é], Mentorship, wherethe worker

LJt
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is guided by a mentor in their work environmef23], Workshops, where the workers
receive training in a closed environment educe risk for the workerOnsite training,
where the worker learns about their job an authentic environment, anebinarg e-
learning a form of online class with questionnair@sd testing27]. Each of these training
methods teach the worker the health and safety skills needed for their work environment.
However, this does not limit the training opportunities, and the use seaous game
application provides an additionaledium to train members of a workplace in health and

safety knowledge.

Throughour partnership withPSHSA, wiound the need for a tool to aid in health and
safety training in a multitude of specific work\v@eronments. Health and safety training is
mandatory over multiple sectors of work, in many different workplaces. Due to the large
number of work fields that require health and safety training, and the mundane nature of
current health and safety training, evdetermined that integrating education and play
would help motivate those learning health and safety in their workplace and retain the
learnt information Currently, the methods for teaching health and safety tend to fall
along the lines of mentorshimr classroom learning opportunitiess explained above
Given the importance of health and safety in a workplace, a tool to promote the learning,
and increase retention of the information would reduce the risks that could arise in a
workplace environmentA serious game with the addition of an adaptive system can make

the information relevant and interesting to a user.

There is a gap in the learning in smallnb@dium sizedorganizationg§40]. The creation of

an easily accessible and motivational tool such as a serious game for health and safety
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training could have the potential to decreaséhe risk of injury or illness at these
organizationsAs more training increases awareness for healthsaidtyproblems in the
workplace potential dilemmasare more likely tobe prevented before they occur
Additionally, as the useis introduced to these virtual situations, the user can become

more familiar with health and safety concepts.

1.3 Thesis Statement:

We createda serious game learning tool utilizing an adaptive system pleasonalizes
teaching health and safety informatoin a multitude of workplaces, while creating a

motivational and fun learning experience for the users.

1.4 Thesis Outline:

Through this chapter we have discussed how the need for a health and safety training tool
has risen. We have also discussed thattarget of this thesis is to describe the decisions
and path taken to create a solution to the health and safety problem. The next chapter
will cover a literature review of the surrounding academic environment related to game
design and serious game# chapter 3, we will describe how we arrived at an
understanding of the needs of both the end users and our industry partrepter 4
describeshow we approachedhe game desigmf our initial prototypeand discuss the
feedback we receivedChapter 5 discusses tli@al design and the feedback we got from

it. Chapter 6 will cover theummativeevaluation of the gameincluding the assessment

of the clients needsand the meeting wheréeedback ad discussiommccurred based on
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the design 6 the serious gameThe thesis will end with a discussion and conclusion

rounding up all the information and main takeay.

1.5 Summary:

Through this initiathapter,we have introduced that PSHSA wanted a video game training
tool to teach users health ansafety knowledgeWe discussed the motivation for the
creation of this project, ranging from the motivational medium that is videogames, to
adaptive Al in games, to the useful tool of serious games. Throughouthiéyater, we

have touched on the problems current health and safety practices and how a serious
game application can have a positive effect on health and safety leabyngsing
adaptive learning techniques similar to that of adaptiveAsistatedabove,the intention

isto create a tool to promote and motivate members of a workplace to increase health
and safety understanding particularly in small to medium &ireganizations where
health and safety is understatetVith our partner and end user in mind, we concluded
that the outcome of a health and safety tosbuld be achieved through an educational
serious game. We have discussed the layout of this thesis, and will further describe
techniques, research and tools used to promote health and safety training through this

thesis.
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Chapter2: Literature Review

2.1 Overview:

DFYSa IINBE | LINLO 2F SOSNE2ySQa tAFSd Ly G2
like soccer and football but also play gasme the virtual world. People can now play

digital games on many devices such as computers, phones, TVs and gaming devices like
consoleg[32]. Fiftyfour percent ¢ Canadians are gamenwith the average age of the
Canadian gamer being thirtiiree [18]. Not onlyarethere many gamers in Canada, there

is also a growing interest in game companieam 2013 to 2015, Canada saw 143 new
gamedevelopmentcompaniegaising the overall number to 4728]. With the growing

number of games and game companies, there is also growing academic interest into other
FLILX AOFdGA2y 2F 3FLYSad DFYSa aSNBS aSOSNI €
teach, some to reinforce wanted haviours, and some help with physical rehabilitation
[39][47][31][48]. Games can achieve these outcomes with specific content, applicable
hardware or through explicit and implicit learning outconj28]. With different subject

matter being covered, or hardware being used for disabilities, games open the doors for

many learning styles and educational opportunities.

Games have part to play in teaching aptbvides amedium for entertaining and
motivating the player. With a gam@roviding enoughntrinsic motivationfor continued

play and that people are more receptive to learning when motivated makes games a
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powerful tool[47][45]. It is important to note thatn practicewhen a player does not want

to play the game motiation decreasef3].

Commercial games are products that have a focus on entertainment and enjoyment.
Whereas in serious games, the foaidends further than entertainmenénd includes
aspectseducation:teaching, training and informingb3]. In section 2.4 wewill discuss

current motivational game design techniques used when creating a game.

2.2 Games:

Over theyearsgames have developed and taken many forms. Gaca@ range from
board and card games, to social games, to those in the virtual world and many more. Most
of the games created in each medium were made for entertainment but all of them teach
the players valuable skills and knowledgjbe players of gansare also very diversand
understanding the different perspective on players is at the heart of some resgzdth

In games useresearchthe focus is orenhancing a game through measuring the players
behaviours and experiencesd enacting on the data receiv§®B]. There is also a variety

in the datareceivedas some players are not experiedc@ creating balanced game play
and others ard21]. The intent is to make sure th@esignersintentions are translated
effectively into the gamehuman computer interactiowonsiderghe player among many

other aspects of interactive applicatiofi37].

Most games are developed to be entertaining and enjoyable for the players.
Entertainment is not the only goal of a game; they also teach intrinsically. The intrinsic

learning in games come from engagement and motivafi®8i. It has been shown that
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people are more receptive to learning while in this environmi@m]. This is in partue

to the motivational elements that can be integrated intogame, and the sense of
achievement the player feels when receiving these motivational elem@iis.is shown

as player retentionor how the player wants to, and does continue playing the game. This
aspect is something that can be included in serious games to teach educational subject
matter. While the user is engaged in playing the game, they are learning about thefplay
gameand how the game world works. It is also not so far fetched to say that the player
will be learning some useful skills, but in a game where there are no teaching goals it is
hard so see if there is any useful learning happef2fj. Arnab et. al[1] maps game
mechanics to learning mechanics and describes some game mieshhat are typical of

games and are also suited for serious games.

Games creat a desire to play through the S&terminationTheory (SDT¥6]. The sel
determination theory is a theory on human motivation that requires three basic
LJAeOK2f 23A0FKf ySSRa 2 o6S aliAraUSR® ¢KS
Competence is the need to overcome problems and seek mastengrms of a game,

this can be seen where players look to increase their score or push themselves to perform
the game mechanic at a higher competency. The second neelhisdness. Relatedness

is the want to interact with others. Withigamesithis is seen through social aspects of
game design. These socapectshappen videaderboardsvhere players can compete

with each other. A more direct example would be social games where players can directly

interact with each other through in gamehat or cooperative play. The last need is

Fdzizy2Yed 1 dzizy2Yéd A& GKS ySSR (2 O2y (NPt



Pagel| 19

freedom. An example would be in role playing games where the player can use their own
actions to act upon the world. Within Beus games, this can be enacted by giving the
players multiple options to complete a challenge. Commercial games use the SDT to
promote continuous play by combining each to promote motivation of the user. Below is

aselfauthoredIlllustration to graphicdy show the relationship of SOffigurel).

Motivation

Figurel: Thisis anillustration of the three basic needs and how they come togetherdrmeate
motivation.

From the use of problems introduced to make the game challenging and enjoyable, the
player becomes more motivatedut if the game is too chalhging it becomes
unenjoyableb D22 R Il YS RSaiAdy gl yida (KR WIKISE $IRIGE
OKIFIyyStf 1S8SLJa GKS LI &SN SYyidSNIlIAYSR FyR Y
to keep the player in situations where they have enough &kitlvercome the challenge

in the game as shown ({figure2). If there is too much challenge and not enough skill the

player will have anxiety. In contrast there is too little challengeand ample skillthe

player will get bored. This is just another point on how commercial games increase the
motivation of players. Flow of the game means that the player is constantly engaged

without feeling frustrated oranxious over their competency in the gamie.is often
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described as when the player is involved in the game to the point where the passage of
time seems to accelerate. With this flow, difficulty is a tool for creating flow. If a player
has a lower skillifficulty can be reduced to keep theinvolved in the game. This works
both with high difficulty and hidly skilled player andow difficulty and lowy skilledplayer.

Using the design elements that foster motivation in commercial games for learning bring

us to our next topic on serious games.

High
Anxiety
Flow
[<F]
[@)]
c
X
F=
(W]
Boredom
Low Skill High

Figure2: Challenge vs Skill flow chaproposed byM. Csikszentmihalyj9].

2.3 Serious Games:

Serious games use play to create integrated learning through educationt@nt in the
game thatfocus on teaching the player a set of skills and/or knowledgey are built on
the game desigrlements used in commercial gamg0]. The term serious is used to

denote that the applicatiorof these games are for the more serious industries such as

defence health, education and many mofg&3][52].
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Oneissuewith serious gameis at what point does playing the garstp beingvoluntary.

At what point is the player being pushed to play the game instead of being motivated to
play the game? For serious games to tetivating, we must not corrupt the basic
principle that a game is voluntarily playgd2]. Overall, being forced to partake in
something is not a pleasurable experience. The same goes for games. When a player is
forced into playing a game, they are less likely to enjoy élperience and their
immersion and understanding of the game material is reduced greatly. If a player enjoys
the game, they are more likely to continue playing, and have an increased knowledge of
the material being demonstrated. In addition to the aleg they aremore likely to enter

gameflow, and become immersed in the virtual environment.

Serious games argesignedto teach the playergognitive and psychomotor skilteey

will needdepending on the fieldThe skills and knowledge is at ttare of the game, and

players need to use the newly learned knowledge to get through the game. Take into
O2YAARSNIGAZ2Y | bAIKIG aAYdzZ I 02NE O2YYSNDOALI
2T K2dzZNB 2y bAIKOG aAyYdz | irldedB]. TheSshrgeNsBrious K S & =

game could be used to train pilots in the air force.

Serious gameare made for many fieldssinga wide variety of technology. R. Shewaga
et. al.[49] created a serious game in virtual realiaching epidural preparatiom which

he also made aomparisonbetween having the player play seated in roomscale.D.
Panjwani et. al[41] created a mobile application for emergency contraception awareness

andboth knowledge and methods used promotitig player to make an informed choice.
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In seriousgames.there is a need for level of fidelity. fidelity is the degree of which a
game represens the real world with the use of graphics, audiadeo and artificial
intelligence[5]. The closer a to real lifeserious game gets can create an immersive and
exciting experienc4]. The degree of fidelity that the serious game requires is based on
what the environment and situation call foif engagement with real life replicas of
equipment is required high degree ofidelity is needed for authenticitygut if the leaning

goalsdo not require such a level of authenticayow degree ofidelity will work [26][58].

Players of serious games can closely relate their experiences from virtual events, to events
that could happen in redife. Each time a player trains with a serious game they become

more capable and comftable performing in the situation or reacting to an event.

Using serious games, it has been shown that information learned in game format is
retainedmore effectivelythan if the information was learnt in a traditional formpgt3].

This has been shown in a serious game for military trainees. In this activity, the users were
split into two groups. These groups were trained on a spetask, half in a test format

and the other half using a training game. When tested later, thosewsre trained using

a game achieved higher scores than that of their traditinaained counterparts

2.4 MotivationalGameDesign

An importantaspect of a game is promoting and motivating through play. Through games,
users can be motivated through game design that keeps the user wanting tcapthyn
the case of serious games, learn m{#8]. Reward systems offer the userewardthat

motivates them{57]. There are many options for the rewards offeiedjameq42]. These
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can be in game visual changes such visual upgradetSoN& 2 y | f This dariibk fe§hQ &
in games like Smitf51]. On completion of a match, players have the chance to open a
loot box granted to them by the gamand be awarded a visual change to a character in
game. This visual modification can make the player feel special, and promatentpéo

play this character morpt2]. Throughthat, they also continue playing the game and the
cycle continues. Additionally, some visual upgrades act asna 6f exclusive rewards
(Figureld). These may be unlockable through specific feats of skill performed by the player,
or from a milestone in play. These visuals show that the player has overcome a challenge,

and other playergan see this achievement, adding a social aspect to the visual upgrades.

Figure3: The difference between the standard (top) and an exclusive (bottom) character skin in Smite.
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Another form of virtual rewards given through playahievements/medaldladgeq11].

This can be seen in games liattlefield 4[2], where the player is given a badge, called a
ribbon, for their skill in the game. These ribbons are given for feats of skill, or unique
interactions in game. These aspects of the gammte the player to continue playing

as well as giving the player something they are prou@igtire4). Another form of reward

are items or secrets given out during play. DOQM], a pioneer of e first-person
shooter genre, offered secrets and items to their players when they explored areas in the
game. This form of reward system promotes longer and more involved play, and keeps
the player motivated to play. Many other games use items and sec¢oetontinue play

from Legend of Zeldg1], to Tomb Raidejd4]. The final form of rewarts gamescore.

A score is a fundamentally used aspect to games where a set of numbers or a value given
to the player for something specific. If the player perforbetter at the task in game,

their score ishigher. Scores go back as far as arcade machines, where the players could
see how wellthey haveperformed along with all the previous players as wallgood
example of thiswould-be Hotline Miami(Figure5). In HotlineMiami [28], the player
receives points based on their actions within the games Thbased on number of kills,
how a kill is enacted and combos of their actions in game. Score is fundamentally how
well the player has performed in the game, and can be an incredibly motivating tool for
designing a game. With the use of score, you cashpyour players into aiming for the
next high scoreThis motivateplayersto do better aswell as stay motivated toomplete

more and more tasks.
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END OF ROUND DETAILS

i |

CARBINE RIBBON CARBINE RIBBON
) 200 pt 200 pts

AWARDED FOR TIMES TAKEN

Figure4 Battlefield 4's end of round awards.
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An aspect of score is that of game statistics. These are in game accomplishments or data

about the users play. Games like Battlefield 4 show a wealth of statisticgufaic
showing (Figure 6). These statistics not only give the player bragging rights but also
provide the player with a goal to improve upon. Statistics are featured in many online and
social games thatpromotes playand boosts theirselfconfidence With statistical
information available to the player, they can see where they want to improve, and

motivates them to want to change it.
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Along with rewards and statistics, games utilize challenggush and motivate players

to better themselves. As well d®ing a motivational factgrchallengs act asa tool to
show the user where their skill and understanding of the game mechanifg.ligsing
challenges in a game can give the user a sense of understanding and aqoabve
towards. Even if the user cannot pass the challenge at their first attempt, simply
attempting the challenge can help the user learn and grow to tackle this challenge again.
This can be seen on a smaller scale in mobile games where small puezbsyad. An
example of thigs Toy Blas{55], a mobile puzzle game where the player solves individual
small puzzlegFigure7), while being able t@lay multiplepuzzlesn a sessionThe player

may not solve the puzzla their first attempt, however they have a better understanding

of how to complete the challenge and through this learn more about the basic mechanics

and play. This also helps to promote the exploration of the game and its mechanics. As
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the player does nibsucceedn the first attempt, they can use a different approach to try

to solve the challenge. This can range from a different playstyle to varying their approach
in play. Challengecan be a great motivator additionaNyhen the player overcomes this
challenge, they receive a boost sel-confidence and will continue to play more as they

feel skilled at this activity.

Figure7: Toy Blast amatch 3 puzzle example

With these systems, a designer can also combine motivations to create unique
motivational systems for design. For example, challenge and scofgecambined into

GKS F2NXY 2F | O2YLISGAGAODGS &St azyEaguresS GKI
8). In this, the player completes specific matches that awards them a skill rating or score.
These seasons of play only last for a specific time period meaning that they want to pursue

ahigh ore in the limited time. This creates a score that promotes the player to try for a
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higher value, and gives the player a challenge that they want to complete within the time

period.

RAINBOW::). |SIEGE  PLAY OPERATORS SHOP

e PLAY

MULTIPLAYER RANKED ==

The ranking system is a work in progress

CURRENT RANK

CASUAL
| RANKED e bt [ ] i

3431
PLATINUM 1

CUSTOM GAME

Figure8: Tom Clancy's Rainbow 6 Siege ranked season score.

In addition, retention is a motivating tool designed to make the player want to continue

playing the game. These can be anything from a periodical reward to a daily challenge.

This tool helps keep the plars coming back. Retention of players can mean that players
who are moving away from the game or beginning to become disinterested can be pulled
back in by this design element. The use of periodic rewdikis that of the chests in Clash

Royale,oradaf @ OKLIffSy3aS tA1S Ay .fATTINRQA

come back and complete these aspects of the game.
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Designers can employ all of the above designs to promote player motivation in their
games. Any combination of the above desigas be used to retain players, and promote

dynamic play.

2.5UserCenteredDesign

We followed uselOSYy 1 SNBER RS&A3IYy 6! /50 LINROSaa G2 T2
and goalg39]. With the UCD stages, the first of these are understandiziy Sri¢ais.

This is determining the solution for the problem in terms of what the user requires in the
solution. This is a plan for what the designers intend to solve based on research of what
the user requires. The second is getting the requirements for &ségeh. These are general
requirements for the project, and are outlining what is needed to be designed. The third
is prototyping a solution for the user defined problem. This is creating a quick prototype
to quickly iterate over a solution possibility tolge the problem. These quickly iterated
solution may not work initially, but the cyclical method allows for the solution to be found
with the needed prerequisitesrinally,the fourth is evaluation of the prototype. This
involves testing the prototype andetermining if it meets the user needs, uncovers any
new requirements or needs further iteration. If the design requires further iteration, the
designers will return to step one and-evaluate the design. UCD is a cyclical design
pattern where iterationis key. These iterations mean that designers can aim to best meet

(i KS dsedsNEoah design.
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2.6 Adaptivelearning inGames:

Games utilize adaptive learning techniques to allow players to interact with the game as

they feel most comfortable. Téican be allowing players to complete challenges as they

see fit, challenge a user in a specific skill they lack experience in, or giving the user a sense

of freedom in the game. A way to achieve such a goal is to implement a system that adapts
andpersona A1 Sa o6l aSR 2y dzaSNRa ySSRao ! Ry LIGAGS
sizefits-hk £ £ Q F LIINRIFOK FyR FAYa G2 GFAf2sM8 6GKS S
fitsh £ £ Q | LIINBF OK ONBI G§Sa I [3@ DyliNdatOf addptReR dzO i (
aéadsSvyasz GKS fINHSN GKS &O02sizg€its-2Ff @ KISLILEANBYIS
becomes more generic and less applicable to the goal. With adaptive systems, the system
allows you to target specific sections where generalaraivill case a lack of depth for

some users. This system allows for an application to have a breadth of information while
retaining the depth required by specific users. Adaptive systems are focused on increasing
learner satisfaction, effectiveness and aggment[36]. Adaptive systems complete

these needs by learning about what the user prefers, and presents or challenge the

players preferences.

{GdZRASE aK26SR OGKIG FRFELIWGAY3 (2 GKS dzaSNRA
satisfaction and motivatiofb6]. Video games can be considered as pdulenedium to

explore adaptive learning systems as they allow a degree of autonomy that can be utilized

by an adaptive algorithm. This means the algorithm can adapt to the user and show the
user content that would be applicable to them. Imran Zualkemaralketconstructed an

FRFLIWGAGS 3FLYS (KIG OKFy3aSa GKS O2ydaSyid FyR
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abilities[60]. Such a design may provide a moretivating approach to learning for the
audience. This is because the game can adapt to how the user wants to play, meaning the
player is more likely to enjoy the game. If the user played a specific way thdawasd

by them, the system could adapt to their preference.

2.7Summary:

Throughout this chapter we discussed the literature researched to support the
development of our application. We have discussed multiple design practices used within
games. With commerciadnd serious games, researching the aspects of motivational
game design is key to determining effective design for any game application. Motivation
plays a key role in retaining players, and providing education through a serious game. With
the use of motivéional tools, players have the ability to intrinsically learn the material
being presented to them. The use of SDT within games means that the information
presented in games is relatable and meaningful for the user. This also helps to increase

user retenton.

In addition, Motivational game design is an advantageous tool for designers. With the use
of motivational elements in game, the users can increase immersion, in addition to player
retention. The use of motivational elements is not restricted to comma¢mgames, but

can also be used in serious games to increase the understanding of subject matter
material. This tool, when used in a serious game, can retain the users, and promote their

understanding of the educational content in the game.
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When designingnotivational tools to be used in a game, the relevance of the reward or
challenge must be valid to the user. The reward given, or challenge posed needs to
motivate the user. With the use of motivation, the game must provide a setting where the
player can b comfortable playing. This ties in with adaptive learning of the game, where

the game provides the option for the user to play as they see fit.

Finally, we discussed the use of UCD in game design. UCD is a cyclical design pattern where
iterations of thecurrent design can be made to advance the development while keeping
the user's needs at the forefront of development. UCD aims to make the designer as user

friendly, and user focused as necessary.
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Chapter3: Understanding the Neec
the ClientsandUsers

3.1 Overview:

Although the Public Service Health and Safety Association (PSHSA) has a wealth of
resources and training materials for organizations, they realized a lack of utilizztion

these training materialdy Snall andMedium B/ G SNILINA 4Sa o6{a9Qavod ¢
studies, PSHSA RSY GAFTASR I ySSR F2NJ Iy Sy3lr3aiy3a I
about health and safety preventiofihroughcollaboraingwith PSHSA and its partnering
associationsve aimto create aseriousgam& 2 NJ Y2 G A GF GAy 3 {a9Qa (2
learning about health and safety prevention using gasesign With game design, an

F LILJX AOF A2y OlFly 06S RS@OSf2LISR ¢gA0GK GKS dza SN
engagingseriousgame that teaches health and safetg.addition, the game also needs

to presentrelevanthealth and safetynformation to the playersvhile having a short game

loop so players can play when théave small windows of time.

The serious gameis based on the Institute for Work and Health Organizational
Performance Metrics (IWHPM). IWHOPM, which is an eightjuestion survey designed
to assess and improve an organization's occupational health and safety performance.

IWHOPM uses a Likert scale questionnaire where each one of eight questions is targeted

1 https://www.iwh.on.ca/opm
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to determine the performance of an orgemation in a specific area. I'WBIPM provides a

benchmark for organizations within the same sedb compare their performance

3.2 IWH Organizational Performance Metric

Institutions can gauge their health and safety performance by using the-OWM
guestionnaire. The IWHIDPM questionnaires an evidencéased, eight component
guestionnaire(Figure9) used to help organizations large and small to identify, assess and
improve their health and safety performance. This questionnaire provides a score from
which the organization can determimghere improvements in health and safety policies
or practices needs adjusted or changé&tie IWHOPM was developed by the Institute for
Work and Health, in collaboran with health and safety professionals in the province of
Ontario. These questions covetarge number of workplace sectors, and those who score
highly on IWHOPM questions can be directly correlated to lower injury and illness in the

workplace.
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Health and Safety Practi 807%-100% | 60%-80% | 40%-60% | 20%-40% | 0%-20% Score
ealth and Safety Practices iy iy =
@ | @ @ ® | @©@ @&
1. Formal safety audits® at regular Intervals are a normal
part of our business.

2. Everyone at this organization values ongoing safety
Improvement In this organization.

3. This organization considers safety at least as Important
as production and quality In the way work 1s done.

4. Workers and supervisors have the Information they
need to work safely.

5. Employees are always Involved In declslons affecting
thelr health and safety.

6. Thase In charge of safety have the authority to make
the changes they have Identified as necessary.

7. Those who act safely recelve positive recognition,

8. Everyone has the tools and/or equipment they need to
complete thelr work safely.

Sum

OPM final score = Sum divided by 8

Figure9 IWHOPM Questionnairé

3.3Finding theProblem/Gap:

Creating health and safety training that the worker fireggagingkK & 06 SSy 2y
mind for a whilelnternally in PSHSA they had an eureka moment gftgying the brain
game Lumosity The client determined that there might be an opportunto create a
health and safety game that is entaining, short and simple likeumosity. This game
application wouldsupport existing information and learning materials, and promote users

learning about health and safetin a digital environment,ather than learning it through

2 Found on Institute for Work & Héth website:https://www.iwh.on.ca/system/files/documents/iwh
opm_gquestionnaire_2016.p#f

3[ dzY 2 & A ( & Qtips:/aveve.lantositscém/landing_pages/970?gclid=EAlalQobChMIn9OYi
uH1wIVnrjACh2DjwWWEAAYASAAEgJHvwWD_BwE

t {1
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text, seminars or other educational methods. The client particularly liked how luminosity

showed the users results, progress and their standing with others in luminosity.

With thisknowledge PSHSA wanted to develop a better untingingof how the leaders
within a workplace made occupational decisions about health and safety. With the use of
a serious game, they deduced that this would assist in dissemination of health and safety

practices within Ontario workplaces when teaching said make

In addition to retaining antkaching theworkersabouthealth and safetythe application
created needed to bemotivating, engagingand have relevant health and safety
concepts/information As a gamdased application hashe objective of learning,
engaging the users cdre hardto achieve Player engagement is kieykeeping the player
immersed inthe game. In games there are several ways we do thisbuote may not fit

well into a serious elucational gams A method forpromoting player engagement is
usingpleasing visuals and animations rather than plain text. Another way to keep a game
engaging is giving players rewarthlked about in 2.4Giving a reward like a badge to add
significance to the players actiora¢h of these techniques helps keep the player invested

into the game and willing to play.

To make a game about health and safety, we not only need to engage the player, but the
game must also be relevant to the players work envinent. With this in mindhealth

and safety needs to be made relevant to the player, amghning we wilheed tolearn

some basic information about thetmefore play The sectotheir organization works in,

their role in the organizatignand their skill level in health and safet@iven this key
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information about a user we can create a game that teaches the user about health and

safety.

When creating agame, the developers must keep in mind the target audieQc@
availability to play the gameCreating a game for health and safety leads toifiseie of
users playing the game while at workn our approach, we aimed to keep the game loop
short, meaning an iteration of a mirgame wouldonly take about 5 minutes. The
advantage to a short game loop is that the player can play the game in between meetings

or while they haveime in betweentasks

Part of PSHS@&otivation forthis project was that they want to promote the use@PM
questionnaire¢ KS& Q@S aK2gy (GKIG GKAA [dzZSadAz2yyl AN
safety risks for amrganization The seriouggame was developed based on tha this
guestionnaire. By taking this questionnaire anmghsforming it into a sedus gamethey

could potentially receive moref aconcrete response to their health and safety cepts.

When the OPM gestionnaireis used, the usecan get a response from an organization

to know how well thehealth and safetytraining has beenconducted The OPM is
completedon their site and get aesponse from themPSHSA wants to utilize the OPM
guestions through the medium of a serious game to see the learning experience users

have from this game training.
CAylLttes gKSYy ONBFGAYy3 GKS LI AOFGA2Y &S
(Figure 10). This included transforming the business model and developing solutions,

collaborating and structuring for growth anghderstanding and innovating to better

serve the marketThis waghe overarching strategic plan and a main requirement for us
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to keep in mind during development. This aimed to support research and development

along business lines. Due to the cent and medium of this application, this project would

impact both the consulting business line and likely the training business line in addition.

Public Services Health

& Sofety Association=
Yas Hedth You Sefety Ons Commutmmnt
The Strategic Plan will
focus the organization
in these 3 areas:

@ coaL:

Become the Leading
Health and Safety
Solution Provider

OUR
COMMITMENT
We will:

Transforming the
Business Model and

| Collaborating

and Structuring
for Growth

Understanding and
Innovating to Better
™ Serve the Market

Developing Solutions | -~ o
3 . ’ an ah as
o L »
STRATEGIC ACTIONS
Understand and Respond to the Diversity (\5‘0""‘”/

and Complexity of Health and Safety

Organize for Growth and
Invest in Talent

Grow Business Lines

05 Support and Conduct Leading
Edge Research and Innovation
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& BUSINESS
LINES

o~
3
3

Training o‘

Product Development )

Corporate Services
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3.4 Determiningwhat thendustryPartner Wants:

With any project, the needs of all collaborators is required to move forward in

development. With this, our project consisted of group oriented meetings with many

organizations collaborating towards the end goal of an application to tbaeiith and

safety skills. To create a digital application for promatesgwell as motivating users to

assimilate health and safety knowledge, required that we discuss the skills the application

4Found on the Public Services Health & Safety Associations wetigis//www.pshsa.ca/wp

content/uploads/2014/07/SHDOCGApagerdigitalcopy.pdf
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needed to teach. Consequently, we held a few brainstormessiens to determine and

discuss the skills related to each of the eight MYPIM questiongdiscussed in chapten4

tKAa AyOfdzZRSR FalAy3a it GKS O2ftfl 62N) {2N&
GKS (F&a1 A& WEQ ¢ Kl Ga8KSh fifl aA 8K sydS StRKSSRa i 23 SOilka
generating the underlying skills for each MM question. For example, the first IWH

hta [[dzSaGA2y GaC2NXIFf al F¥Sde FdzZRAGA |G NB3IdA
resulting key skills identifiewere: Time management, Assessment of validity and fit with

organization, Organization Skills and Attention to detail. This will be further discussed in

depth in chapter 4.

We received an initial request from PSHSA for collaboration on developmenséoioas

game health and safety training application. The request was to s8Bous game
methodsto improve leadership skills and information retention in terms of the health and
safety training. They requested taking gaming techniquedevelop an application for
other uses in education, scientific research and public policy. The application would also
cover the 8 IWHDPM questions and the Ontario Leading Indicators Project(QOlaP)
project to identify organizational and managemeneasures to predict and prevent

workplace injuries and illnesses.

With this request, the objectives of this project were brought to our attention. PSHSA

requested we address the following questions

A. How do organizational leaders use benchmarking informatrormaking OHS

decision making?
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B. What are the facilitators and barriers to using the benchmarking data and how can
this be improved?

C. What other types of information do leaders use to inform OHS decisions?

D. What knowledge and features should a performantashboard provide for
leaders?

E. What information should an application with follewp activities provide to
engage leaders to make decisions to support change, reduce hazards and improve

health and safety?

Along with these questions, PSHSA posed two mojectibes with the project. These

being that they requested the use of focus groups and interviews to obtain information

G2 KSEL)I Y20S tSIRSNAKALI f2y3 G0KS Ayy20I (A:
These focus groups and interview®re conducted by PSHSA and/or HSA researchers.
Finally,they requested a pilot test of the application to examine the tools when used by
organizational leaders and how the tools influenced their decision making. These pilot

tests would consist of a small samplefiains, and completed by IWH as they have access

to the end users.

With the development and planning of the creation of this tool, we needed to identify the
sectors that would have access to this application and therefore also benefit from its use.
Throwgh the evaluation of our initial prototypésee chapter 4)the requirement was
determined that the application needed to have information relevant to all of the sectors
that would be using this game. This meant that through development we needed to

redesgn the next prototype to have knowledge specific to any one of the sectors. This



Page| 41

was so that the application was applicable to be used for any of the 15 sectors. We will
discuss the sectors below in 3.4. In addition, a user in a specific sector woultbriesd
access to the relevant knowledge related to their sector only. For example, this meant
that a miner using the application would only have access to health and safety knowledge
relevant to mining operations, rather than having access to informdtiom unrelated
sectors. This meant we needed to develop a system that could handle many sectors at

once, creating a broad application with specific relevant information per sector.

3.5Determining theNeeds of theend User.

As mentioned before, we followed UCD process in this project. To better understand the
user needs, PSHSA had conducted interviews and focus groups. The focus groups and
interviews highlighted features that needed to be covered in the game and how the
application would perform. Based on these initial studies PSHSA defined three key

requirements for the project:

a) The focus of the application would be to motivate users to perform better in the

IWHOPM questionnaire.
b) Focus on motivation and retention o$ers for continued learning.

c) The game must also be applicable to all the 15 public sectors (in terms of

learning objectives).

As mentioned abovelnstitute for Work and Health (IWH)erformed a focus group
experiment to see what people in the industmpuld want if an application existed. They

conducted research by speaking to members of a workplace who held management
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positions, those in specific health and safety careers, and to general line workers. This
collected data was then amalgamated into thigoae list. Overalthe feedback stated a

commonality for a pleasing game aesthetic.

The focus group was usefas it provided us with the target engsers.However,the
ALISOAFTAO FTSSRolFO1 slayQili Sy_iANBfte dzaSTdA
receved was very basic in information, ranging from opinions to general information that

would be normal for an application to have.

In addition, wefound out after the first prototype that waeeded to keep the 15 public
sectors in mind when developing. ststed previously in this thesis, that means keeping
the game general so that every sector had applicable information, but specific so that each
sector only had access to their pertinent informatidha sector is overlooked user in

that sector will have trouble finding relevant health and safety information in the game.
These sectors anacluded inTablel:

With our application, each individual sector required access to specific health and safety
training information. Although some information was common between the fields, each
sector required their own specific training based on what was applicable to gbefor.
Having the information about each sector available aiding in development of the health

and safety training application.
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Sectors

Pulp and Paper

Forestry

Mining

Construction

Transportation

Electrical Utilities

Agriculture

Tourism andHospitality

Retail and Wholesale

Industry Manufacturing

Health and community Care

Vehicle Sale and Service

Emergency Services

Fire

Police

Emergency Response

Educational and Cultural

Governmental Municipal

Tablel The 15 public sectors

Mid way through the development after the initial prototype was created, we held a
meeting where a proposed route for the application occurred. The proposal contained
more aspects of a commercial game rathlean a serious game. This game integrated
general health and safety training elements with the entertainment aspect of a game,
with our expectation that this would thereby motivating the users to learn more about

health and safety whilst enjoying theimie immersed in the game. This meeting was
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essential, as we had finished developing the first iteration of the prototype game. This
developed prototype taught the user intrinsically to teach the skills identified in the OPM
- which will be discussed in chiap 4. These skills were relevant to all sectors but
generalized. This first prototype contained information that was skill related but the
health and safety content was not sector specific, but a general look into health and safety

concerns.

Through this meeting we discoveredtwo key aspects that were important in
development. These were: We needed to switch from intrinsically teaching subject to an
extrinsic method, and we determined more relevance towards sector specific subject
matter was requiredThese key aspects where shown through the first prototype when
the connection between the game and health and safety weredalatle In addition to
determining the two above aspects, this meeting also allowed for all parties involved

come to an understandmof the application that being developed.

Through this meeting, we determined what the end goal was in terms of application
development and the direction we needed to pursue. This meant that all members
involved were at an understanding of the direction that the serious game was moving
towards andiound clarity in future development as the needs of the application changed.
As stated above, we found that the game needed to shift from intrinsic learning to
extrinsic learning. This realization allowed for us to see that the game needed to become
applicable to all 15 sectors and directly teach the users about health and s&fetyugh

this meeting we were able to determinehat was wanted from all members from a

serious game application for Health and Safety. With the first iteration, PSHSA could
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explain what was wanted out of the final application. As with many projects, the first
prototype is often a tooto determine the eéxd product. In the case of this application, our
first prototype allowed all participants to determine what they wanted as a final project,

and what could be built upon or removed from development.

Finally, this meeting also aided in the UCD of this ptogscwe were able iterate on
current design. As UCD is cyclical, tealizationfor change allowed us to fiterate on
our design and reevaluate the requirements for the application. This process enabled us

to strengthen our final deliverable for projet meet the goals of the end users.

After this meeting, PSHSA reflected on the content and proceeded to research the new
needs that had arisen fronthis meeting as stated above.Shatly after we held an
additional meeting where PSHSA presented a current serious game for health and safety
training developed in New Zealand caldbrkplaceSirh With this demonstration, we
discussed the aspects we wanted to integrate into our apptinaand dissected what
elements of the game could be integrated into a future prototype. This included the game
elements to be utilized and the educational elements required for health and safety
training. However, the presented game was mtiree consunmmg than that of the first
prototype and due to the resources required to create a serious game for all 15 sectors of
that depth. In short, a game with such a large subject matter would be too time consuming
for development at this stage in the proje@s aresult, we discussed the possibility for

the creation of a health and safety game based on the relevant information from the

5 https://www.ema.co.nz/events/calendar/Pages/WorkplaceSIM.aspx
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presented game. With this being discussed in the meeting, we determined three
possibilities for proposed serious games. This these routes which we could follow to
create a serious game. The first of which was the initial prototype that we presemted i
the previous meeting with alterations to meet the needs found in the previous meeting.
tKS 4S0O02yR 06SAy3 WiGKS Oflaard aSNR2dza 3l YS(
integrate the health and safety training elements with the entertainment aspd a
game, thereby motivating the users to learn more about health and safety whilst being
immersed in a B environment. This was along the line of the proposed game from New
Zealand WorkplaceSimThe third game proposal would be an amalgamation efttho
previous. This was the design we determined would be the most applicable and ended up
developing. This proposal would take elements dissected rkplaceSimspecifically

the tests and challenges presented to the user, and took the general steuahd OPM

skills from the initial prototype. What we learned from development of the first prototype
was integrated with thdavorablelearning challenges from thé&/orkplaceSimWhat we

took away fromthe gameWorkplaceSingave us the tools to create #tary of health and
safety tasks and challenges for each individual sector thereby creating a more applicable

health and safety application for teaching relevant skills.

3.6 Exploringolutions:

PSHSAdetermined a grading scheme to test thepenended ideas found through
meetings. This was to maintain the direction of development to align with all partners.
This grading scheme was to test the proposed ideas and determine their validisy.

occurred with the use of two categories: strength of the idea and fit with the project.
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Within the two categories, two main questions were posed. These were: What score is to

be achieved for theiser to move forward? and What is missingha proposeddea?

With this we created a graded response scale from 0: being poor, to 3: being very good.
For the scoring, If an idea was to pass it would need to have a score of 18/21 when all the

individual scores were added uphe list below shows the gradingteria in full.

x  Strength of idea
A s it clearly defined?
A s it a motivating factor to continue/return to the game? Fun to play exciting?
A Wil it make a difference? The engagement will lead to change in the
organization? The individual?
x  Fit with Project
A Doesit meet the requirements of the research proposal?
A Does it align with using serious games to improving leadership skills?
8 Isiteasyto do?

A Will this create / undo strain on resources, exceed budget.

This grading scheme, created PSHSA, helped to filter the proposediglegshethink-
aloud method. This meant all present could help determine the validity of a proposed
idea. Ultimately, this meant that we could narrow down potential solutions for rieitu

development.
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3.7Summary:

Through this chapter we discussed the formulation of this product was sparked from an
existing educational game such lasminosity. This brought to light the feasibility of an
educational health and safety game to be deyald. As there is a gap in health and safety
knowledge from workplaces small and large, an educational game would be a tool of great
advantage for many work sectors. By taking the OPM questionnaire we created a
fundamental pillar to build the health and s&§ game from. The baseline of OPM allowed
for us to formulate a prototype for early development with the featuring of the OPM skills.
Furthermore, we looked into the needs of the industry through our industry partner. With
the use of meetings to determingoals and subject matter requirements we determined
the direction of development for our application. &adition, we determined the 3 key
aspects needed to be designed for the end user of our application.

Finally, we created a grading scheme to bettailitate ideas proposed during meetings.
This allowed us to further focus the development of the game and direct ideas and
information into ar applicable state for development. This allowed us to take information

posed by our partners and create relevaaintent within theseriousgame

8 https://www.lumosity.com/
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Chapterd: FirstPrototype

4.1 Overview:

In this chapter, we will discussiofirst design iteration of the projecihisprojectfocused

on retaining the player using migames each covering a few skills needed to perform
well in the IWHOPM. The project was designed to be a small collection ofgaimes

that motivate the player for continued play whilatrinsically teachinghe user baoh
health and safety skills and concepts. The rgames were designed to be generic, so
that they could apply to any of the various sectavkile maintaining the depth of
information for the specific sector related health and safety informatida scorénigh in

a minigame the users would need to demonstrate a high degree of competency in the
targeted skill. Health and safety concepts wouldmeudedas the content of each mini

games to keep the play relevant.

4.2 Designing th&ame:

Thefirst game iteration our focus was more on making fun and engaging game elements,

but we still needed to be aware of what we were going to teach in each-gaimie.

To know what we needed to teach the players of our game we needed to know what are
the underlying skills of the IWBPM indicators. Through several meetings with PSHSA we
OF'YS dzLJ 6 AUGK (GUKS &AYLIX S |jdzSadA2y &dedio GKS 2
OF NNB 2dzi GKS dFailkKQo ¢ KS GSF-oPMIgée$tihR G KA &

coming up with a lot of skills for the firsvo IWHOPM questions. After Going through



Page| 50

two of the IWHOPM questions we found that we were identifying mordiskhan we
thought and that some of the skills were becoming too granular. It became clear that we
needed to focus othreeto four skills that most affect the ability for a person to perform

at the IWHOPM question.

To make picking the fundamental $kifor each IWHDPM questions fit with the team
there were long discussion periods to make sure that everyone was onboard with the key
skills. While discussing the key skills, it was helpful to sometimes consider what part of
the skill was important. Theablesshowall the identified skills for each of the NAGPM

guestions(Table2)(Table3)(Table4)(Table5)(Table6)(Table7)(Table8)(Table9).

1. Formal Safety audits at regular intervals are a normal part of business.

Time management

Assessment of validity and fit with organization

Skills to be organization

Attention to detail

Table2 IWHOPM question 1 skills
For safety audits to become a regular component of workplace one need to manage time

effectively. Without effective timenanagementthe availability to seek out the riglaudit

is not the anly aspect of the auditing process that is required. Without time management,
the worker could easily beverrun by other vrk requiredwhile conducting the audifTo
reiterate, without planning out the time required to complete their audit the worker could
find other work overwhelming as the audit takes a large amount of their knowledge and
time. It is not only thattime is an issuebut selecting the right auditor the job can also

be hard. One needs to understand the job and what they want to find out with the audit
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only then can they search for the most optimal audit. Being organized also affects one's
performance in a large way. When conducting an audit caludiec many different
departments in the workplace, staying organized will help in efficiefioally attention

to detail is critical for audits, it is important to get the details right to give a complete

audit.

2. Everyone at this organization valuegjomg safety improvement in this

organization.

Communication

Motivation

Planning / Ability to be organized

Table3 IWHOPM question kills

Communication in the organization helps safety improve. You need to be able to listen to

the problems that are arising with the workers. You need to be able to tailor your message

to the intended recipient. Communication needs to be open ended as thiheknthe

speaker speak their mind and hold genuine conversations. Good communication skills

help the speaker stay on message and stay true to their message to prevent
misunderstandings and keep the message from drifting away from health and safety
improvenSy Gad® LGQa fa2 AYLRNIFyd (G2 LI NIGAOALI
when a person concentrates, understands, responds and then remembers what has being

said.

Motivation is a key factor in creating and managing safety improvements in a wakkspa

In order to create an environment for effective motivation, you need to build a consensus
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among the workers. This consensus is a form of collaborative problem solving when

conflicts occur within a workplace

Another factor of motivation is positive m@orcement. This is because motivation can
allow for the workspace, or members within a workspace to celebrate small victories.
With motivation being useful in this way, we wanted to include motivation, and
celebrating small victories within our developniehis was because when a user is

motivated in play, they are more likely to retain more information from the application.

In addition to communication and motivation, planning takes a large role in valuation of
safety improvements. Planning is a tool w@pportunities for success can be identified.
Being able to act on and plan a proposed idea, allows for members of the workplace to
more organized and succeed in their workplace. As a workplace is composed of multiple
departments, being able to plan own approach to your safety solution allows for

expedited and efficient workflow within your departments.

3. This organization considers safety at least as important as production and {

quality in the way work is done.

Support, fostering support

Liaising

Recognizing the priorities/Prioritizing Safety

Empowerment of Workers/Safety Culture

Table4 IWHOPM question 3kills

An organization must hold the health and safety of their workers to the same standard as
the production of goods and services. A manager in this organization should listen and

support the workers when a concern over health and safety is voiced. By bgipgrsue,
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the company shows their understanding and compassion for the workers in this
environment. By liaising an observation of a safety concern to the correct departments,
the worker feels more connected to the organization, and feel that their sasebeing

prioritized.

To help handle voiced concerns the managers can create safety checklists to prioritize
keeping the work environment safe. These checklists aid in safety management and allow
members of the workplace to determine if they have a vadifet/ concern to voice to

management. These checklists can help to empower the workers to take part in managing
the workplace safety. This creates a culture where every member of the workplace has a

responsibility for the workplace safety.

4. Workers andupervisors have the information they need to work safely.

Communication

Continuous improvement

Validity of information

Knowledge management

Table5 IWHOPM questiord skills
Workers have access to health and safety information relating to their position within the

workplace. A manager of a workplace manages and dispenses the health and safety
information required for the specific job. As this information changes and can be
interpreted differently, the health and safety information should be readily available to

the members of a workplace.

Given the variation of workplace environment, the validity of specific health and safety

concerns can change. Within a workspace memberslgshttave access to the information
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that is valid for their work environment as well as any lessons or tools required to
complete daily jobs. With the improvement of instruments and tools used in daily work,
employees need to have access to informatiomtpiove and understand the developing

work environment. Being able to evaluate new technology and techniques used in their

work can help aid in maintaining a safe work environment.

With these emerging changes in a work environment, multiple methods carsée to

teach safety regulations to employees. A company can use institutional learning, such as
classroom lessons or manager reafetytutorials to aid in the understanding of safety in

the workplace. As not all information can learned from a taughtdeskelping employees
through an instructive tutorial where they gain hanads experience with the support of

a manager or mentor can help the employee gain a better understand of safety protocols.
This also will impart safety knowledge more efficientitoothe employee and aid in

promoting a safe work environment.

5. Employees are always involved in decisions affecting their health and safe

Communication

Engagement, Social 1Q

Emotional 1Q

Decision making

Table6 IWHOPM question SKills
When discussing health and safety within a workplace, the employees should have an

opportunity to convey their understanding of the health and safety implications of a job
or tasks in their workplace. When discussing the concerns of a worker, all members

involved should listen and recognize what concerns are being posed. As a leader in this
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work environment, utilizing emotional information and discerning from concerns and
feelings can aid in solving a workplace hazard. The use of emotional 1Q, where one
recognizes their own and oth@& emotions towards a situation can help to evaluate

potential options to solve issues surrounding hazards.

When a dilemma occurs, options should be evaluated while understanding the logical and
emotional stances of those invas. Solution development must be realist and fall within

the means of the organization. This means that a solution must be associated to the
problem while being realistic for the situation. Health and safety concerns are specific for
each problem. There isot all-encompassing 2 f dzi A2y 2NJ NBadz ¢ GKI
For example, within a small grocer, their store room would be small. An unrealistic
solution to moving heavy objects would be a forklift, where a pallet jack would be better

sized for thgob and less bulky.

6. Those in charge of safety have the authority to make the changes they ha

identified as necessary.

Ability to recognize change is required

Identify potential solutions, select solutions

Exercise/Delegate Authority

Table7 IWHOPM questiong skills
Necessary changes within the work environment requires the capacity to recognize

change, identify solutions, and delegate. When leading health and safety decisions, the
ability to recognize and evaluatequired changes is an advantageous skill. As a health
and safety leader recognizing these changes, and then evaluating supporting data can add

to a safe work environment.
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When a problem has been identified, the health and safety lead must be able tafydent
potential solutions and determine what solution is most viable given the current situation.
This form of problem solving and management can aid in workeitbeingand can

further promote health and safety in the workplace.

Within a workplace, the eployees work together to create a safe work environment. As

a leader of a workplace, being able to identify importance of health and safety within a
workplace can help with the delegation of responsibilities. Every member of a workplace
has a role in keepg their spaces safe and orderly. Maintaining a system for delegation
and understanding what roles are necessary can greatly improve the health and safety of
a work space. In addition to delegation, utilizing an Internal Responsibility System(IRS)
within your workplace can facilitate a safer work environment. With the use of an IRS

each worker has role to play in keeping the workplace safe.

7. This organization considers safety at least as important as production and qug

the way work is done.

Formal Recognition

Informal Recognition

Performance Reviews and Promotions

Table8 IWHOPM question &Kills
Those who act safely can receive positive recognition through 3 main channels. Any form

of recognition should be tied to a behaviour or activity that the workplace wants to
reinforce. The first form of recognition to be discussed is formal recognitioormdtor
recognition requires the use of communication when reporting feedback, using

equipment correctly, and following processes or procedures. With formal reporting, an
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organization will receive both positive and negative feedback. As a health and safety
envronment, both forms of feedback are useful for increasing the prosperity of safe
workplace. However, the communication system that promotes formal reporting requires
a role model. This role model will support other workers whilst also displaying actrke wo

safety practices.

Formal recognition also promotes motivation within a workspace. Motivation is important
as a motivated workspace is more likely to bring future health and safety concerns to light.
This reporting will also mean that members of a woakjel are more aware of health and

safety concerns, making them identifiable before the concern becomes a problem.

When looking into formal recognition methods, a system should be set up to plan out who
should be recognized. Workers that formally reportameern need to be recognized for
their contribution. Planning out assessment for ideas and sessions to discuss cost effective
solutions is part of m effect formal reporting system. This use of planning can help to

bolster a safe work environment.

Along with formal recognition, informal recognition can also aid in communication in a
workspace. Unlike formal that includes professional meetings, and forms, informal
recognition is an everyday acknowledgement of individuals, teams or workgroups within
your workplace. As informal recognition aligns with everyday activities, listening in the
workspace provides a direct link to the problems and events that go on daily. This passive
listening can bring to light problems that may not be formally reportedcaa general
worker, they seem inconsequential. With conversations in the workplace, informal

recognition benefits from the speaker tailoring their message to the specific audience they
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are addressing. The speaker should offer open ended questions to théoworkers to
speak openly. This open communication, while staying on topic, provides an avenue for

open and exploratory conversation between the workers and speaker.

Finally, to provide positive recognition to members of the workplace, performance
reviews and promotions can help promote a safe work environment. Performance
reviews, when done positively, can motivate the workers to continue the safe work
practices that provided the positive recognition. Promotions are very useful for this as
they are astrong reward for workers who aim to better the workplace. However,

continual promotions, reduce the impact of this reward.

8. Everyone has the tools and/or equipment they need to complete their work sal

Evaluation

Culture

Knowing how to use thtool

Housekeeping, provision of tool

Table9 IWHOPM question &kKills
Within a safe workenvironment,the tools and equipment needed to perform to the

situation is available to the workers. In Layman's terms: it's finding ttne tagl for the
right job. With the availability of these tools, evaluation must be performed to determine

not only what tools should be used but also to access and reduce risk in the workplace.

The culture of a workplace changes dynamically as innovatdnchange in the industry
occurs. As the culture shifts the workplace must be setup to promote progressive change,

and to promote the modification of tools as the requirements for these tools change.
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For a workspace to maintain safe for the workers,rirag must occur for workers to
discern how to use the tool safely. Education of the use and misuse of tools for workers
promotes a safe work environment and reduces safety concerns in the average work day.
As well as education on use, works should uttj@ged housekeeping in which tools must

be kept secure and orderly. This form of housekeeping verifies that tools are stored safely

and are easily found for the next shift.

With the above understanding, we determined we neededésigna simple way to have

the players play the game. At the time of creating the first prototype we had thought that
the game needed the player to directly take the IMII®M questionnaire during play in
the virtual environmentln addition to taking the IWHDPM questionsthe playe would

also be shown their IWHOPM results within their industry sectofhese results would
then be compared against the sectors standard results, and show the user their

understanding of the health and safety knowledge.

The idea of the game woulzk tha there arefive mini-games that the player could choose
from. Each of these mini-games would teach a small selection of &M skills. We
groupedskills together, based on commonalities and by what skills could potentially work
well together in a game setting. For example, one offthe mini-games would focus on:
attention to detail, assessment of validity, organizational skills, ability to rezeg
change, identify potential. Another one would focus on: engagement social 1Q, emotional
IQ, knowledge management, knowing how to use a tool. At the time, we were not worried
about how well the skillgroupsfit together as we needed ttest the idea d a minigame

teaching agroup of the skills with health and safety content. We decided that we would
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make a prototype game that would teach the player: planning, time management,

continuous improvement, decision making and housekeeping.

4.3 Prototype:Safety Time

As stated above, we explored thspects of each individual OPM question and the related
key skillsThese skills were then placed into groups that formed the basis of the mini game
structure of the gameWith this understandingwe prototyped one of the mini games

This game aimed to teach useskills such astime management, assessment of validity
and attention to detailWhen conducting resech for these skill based migames, we
researched examples of similar games that featured gamsigth elements revolving

around time management.

With our research, w6 2 NNBE ¢ SR 3l YS RSaAdy StSySyia
5 St A @ ABidizis H @ame availabiierough the online digital game distributor Valve,
more commonly known as tieteam Store S OK2 4SS W/ 221 I cfe&ddldS >
an environment where the user must manage multiple sub tasks while completing a main
task such as thé-igurell) shows. This promoted effective time management strategies
F2N) 6KS dzASNJ G2 dziAft AT S Rdz2NAy3I L LF&d | &
subtasks sequentially based on th¢iime to completion and time required to complete

the task, the user must plan out how they will complete tasks, and what tasks can either
be given more or less attentioithe player must also mange tasks while under a multiple

time limit pressures, sucthé current task completion time, and additionally other task

7 http://store.steampowered.com/app/247020/Cook_Serve_Delicious/
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timers for either completion of the task or time until the task is no longer vl time
YEYyF3ASYSyld YSOKIYyAOa dzaSR Ay W/ 2213 {SNBS:
to promote timemanagement in our game.

1865 & Foiit

3] Rerch [l g Thou tierd
(o Creese |
- Becon ana croutons 2.3

([0}l Onions and Peppers "‘

" il Mushrooms and Tomatoes £~ Sl
(eflf) Greens and Carrots &

Enter to serve

Figurell: The multiple tasks the player must manage is shown in this figure along the left side of the
play space. The current task that player is focusing on is on the right with the graphic showing the
progress(picture taken from gameplay)

ook, Serve, Deliciois a restaurant simulator that tasks the player to take, prepare,

serve and clean up orders from neplayer charactsSy 6 SNA Yy 3 G KS LI I & SNJ
The game haa considerableemphasis on time management, assessment of validitg

attention to detailas mentioned aboveThis is seen through the player managing what

tasks to do immediately, what tasks can be run in parallel, and what tasks can be deemed
invalid. The planning e player conducts to manage their tasks would be based on
complexity, time allowance, and the importance of thetdskK Sy I y I f 81T Ay 3 W/ 2

A

5St AOA2dzaQ 6S RSGSNNAYSR GKFG ¢S O2dz R dza S
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for our initial prototype. We planned to utilize the management of tasks to promote

intrinsic learning of the health and safety material.

2 A0K GKS GAYS YIylF3aSYSyid FalLsSota 2F W 221>

prototype thattasked the user to play as a project nager assigning priorities for certain
tasks and arranging the tasks based on their urgencyreqdired completion time The
LINPG20eLJSQa 3AFYSLX Il e gla aSIYSYISR Ayha?z
When the player starts with the agenda stagee tplayer is tasked with planning their
virtual day in game. This means they can assign what primary tasks to do at what time,
while receiving secondary tasksly during the day stage. The player is assigned an
organizational focus at the beginning of pk& directhow they prioritize tasks in the day
Thisfocusesthe player to prioritie specific tasks when managing their daily play. The
player can assign their primary tasks to a specifigame schedule, which acts as the 9 to

5 work day. This schedule followse full irgame work day, in a short virtual play time
spanning 5 minutesCheprimary tasks require the player to manage their time, as well as
commit in game resources to finishing the task. As these primary tasks are larger and more
time-consuming the player must plan out their day to effectively oversee the completion

of these tasks.

Once the agenda stage is completed, the player then enters the day stage. statjgs
the players simulated work ddyegins and the player would have to prioritize, prepare,
and submit tasks in real timé& taskbeingan item that the player eeds to complete.
Completing the task requires the playergelect the taskread a description and assign

specifics requirementsieeded for task completion, which is mentioned in the task
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description(Figure12). The player can select tasks without making a commitment to
complete the task upon immediate selection. This allows for the player to manage which
tasks are more important fornem to do immediately, and what tasks can wait in the
backlogWhen the playemust keep in mind the primary objective from the agenda stage
to aid in their overall task management when selecting a task to complete. When the
player has selected the taskdy wih to complete, they must assign it to one of the three
work-boards to begin the process of completidine player must then manage what tasks
they need to address at what time with the wsed workboards. This promotes time
management in additiona resource management. Once a task is ready for review, the
player must assign the required elements for the task to be completed. These elements
are specific combinations of health and safety materials which teach the player health and
safety knowledge ttough play.This prototype showed relevance towards health and

safety by the context which would be displayed to the user.

Wating Approval

Finishing Task

Finishing Task +

Time left: 3:34

Tasked Completed Correctly: 3
Tasked Completed: 1

Tasked Failed: 0

Tasked Skipped: 0

Debug description
Task requires:
Sissors

Figurel2: First prototypepicture of gameplayThe user is tasked to finish a task by fillingtlie
requirements displayed.
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Within this prototype, he player was scored in the game by how many of that tasks were
completed and of those completethskshow manywere completed to the specification

of thetask requirementsThe player only has a cetenumber of tasksvhichthey could
have active aatime through the workboards Due to this,f tasks arecontinuing to be
assigned YR (G KS LJ I &S NJphiidalgiea(worlkboads to fakealzEeK
new task it would be put into a backlogahthey can later pull from whepne ofthe
work-boards frees up. At the end of the day all tasks in the backlog are considered
incomplete. Thavork days inthis prototypewere designed to last around 5 minutesth

the desgn intention to shape the playp OO0 2 Y Y 2 R I (r&lHlifedivdrkachedine
The tasks presented to the player must bempletedin a certain way, if the player
deviates from the requirements describéd the task by their assignabey will not be

awarded points

4.4 FirstProtatype Review

After we developed a majaromponent, including the initial mechanio$ the first mini
game we held a meeting whereve demonstrated the prototype to PSHSA and their
partners. Inthis meeting, it started to become clear tha previously unknown
requirementhad been brought ugdiscussed in 3.5Ultimately the failure of the first
design came down to the abstraction and the struggle of the design to be relevant enough
to health and safety. While the desigrasmadeto be amotivating game, and taught the
players the identified skills, having these taught intrinsicallydeftsconnect in relevance

to health and safetknowledge The lack of relevance to the playesulted in the player
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not understanding howplaying the game would be applicable to therfhis failure
restricts the player from finding intrinsic motivation to continue the game. Another
guandarywith the first prototype was that it could not be adapted well enoughthe
needs of the players frordifferent sectorsas the gameplay was to be generalizédth
future plans for this prototype, we looked to personalize the information to pertain to
each of the 15 sectors. By doing this we would have a prototype that waukbke to
relateto a specific sector while holding the breadth to be applied to any of the 15 sectors
Therefore,we decided to try a different design withansiderablefocus on relevance

and adaptability to different sectors

4.5 Summary:

In this chapter, we have listed and discussedhe 8 OPM questions required for
specializing the development of our health and safety game. With secti@nwe
comprehensively explained the individual OPM skills and thaitinence to health and
safety training with the lens of serious game developmeFitese OPM skills range from
time management, attention to detailand communication to fostering support and
prioritizing safety, tadecisionmaking andsolution identifcation, as well as many others.
These skills relating directly to the OPM questions allows as&ectthe requirements
needed to teach OPM related content to our users through the health and safety serious

game.

Continuing with ouresearch, we devefmed an initial prototype as discussed ir3.4This
prototype followed the designd¥/ 221> { SNIBWS> 5SSt AO0A2dza Qs

simulation where the player manages tasks while working under each tasks time
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requirement The design elements recognized from this game provided us \pkeatial
outline to design our game around. However, due to the unknown user needs we
discovered during the presentation of thpsototype, we learned that we needed more
extrinsic learnig to beintegratedinto our game Additionally, we learned that the game
must cover enough breadth to apply directly to all 15 sectors, whilersithtainingdepth

to berelevantto a specific sector and their need&/ith this understanding, we started

development on our second game.
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Chapters: Safety Rocks

5.1 Overview:

With continued development and recognition of the draw backs from the firstotype,
the second iteration of the ganmame to fruition. With further development, and with
the newuserneeds in mindpresented in 3.5)we developel the new game that keeps
health andsafetyrelevancein mind.Our aim with the newteration was to apply specific
health and safety knowledga any of thel5 sectors.Within this seriousgame, we
designed a set of challengiesthe form of minigames followingfive different archetypes
(discussed in section 5.2.2hese challengdsavetags to identify their relevance towards
I dzzedubkiohalneed. Challenges can be tagged to show their relevance towards an
IWHOPM question, an identified skill, and/or other relevant identifiéigth this shift
away from the larger mirgame structurgfound in the initid prototype, we alsocreated

a shift towardsan extrinsicstyle of learningas opposedo an intrinsic style. This meant
the educational content learnedould be more in the style of directly testing the learning
goals The challengewere designed to benore direct(extrinsic)in their teachingstyle
rather than using a teaching style that taught the user indirgatiiyinsic) Each challenge
can be setup to be playedithin the five archetypesAdditionally,to increase the
relevanceof each challengea health and safety association teavasinvolved in creating

and reviewing of each challenge.
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Another addition that came with the second prototype is inclusion of aglaptive
algorithm to personalize the game to the user and their health and safety educational
needs The adaptive nature of the second prototypas our way oputting emphasis on
relevant health and safetyontent to the userThe goal othis system is to learn from the
dza SNDa  LISnN@rrasNal they'sCofahey achieve in each tagnd change what
challenges are presented to theser.For theuser to utilize the adaptive algorithsystem

the player is now required to fill out a short prof{l@iscussed in section 5.2.tb) give the
aeaidsSy az2vy$s 02y Stdinee@deford pteSentilzg éhyNddallenges. Ahe f &
system also learns from the useguccess and lossasile they play the game.

With our applicationa large focus waen motivation and retentioin game playEven
though they is an external motivatioto learn health and safetye aimed toadditionally
keep the player motivated hysinggame design elementss discussed briefly @Ghapter

2. These design elements involved suchgasng meaningful rewards to user when
desirable actions areompleted such as the successful completion of a challenge or by
meeting goals set up by the gam&s discussed in 2.4ugsts are used to givihe user
more reason to come back and play the gaama a motivation to complete all their
guests A quest tasks the player with playing several challenges in a row, camgplet
several challenges is a day, week, or month. Each quesgstedto increase retention

and motivation in theperiodit is needed mostThere are quests that targgiay sessions

in one day, or play periodically over a week. We implemented a system thatopedm

periodical play, and thekey increasing the motivation for the player to come back to the
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game and play ofterover weekly periodsThis system also incorpdes daily play so

players that cannot play periodically still have quests to do.

With the implementation of the secongerious  YS 6S | RRNBaaSR t {1 {!
effectively. Using game design elementise requirement for motivabn was satisfied

(more detail in 5.2.3)The use oadaptivealgorithmfor user retention can be obtained

using questqdiscussed in more detail in 5.2.1he system captures relevance to the

dza SNRa fSINYyAy3I ySSRa o0& afld3Sdiywlildalsdo sn OKI f |
presenting the challenges that will most help the user le@dm Earlier version of Safety

Rocksvas submitted to the2017HCIInternationalconference at Vancouv¢é].

5.2 Safety Rocks Design

With the understanding from the initial prototype, motivational game design elements,
YR GKS hta 1jdzSadA2ya | yR aiAfté(RyureddyanY Ay RZ
educational health and safety serious game that can be applied to all 15 sectors while
maintaining the depth to apply to specific usef®. aid in creating a user experience that

is specific to the user e entry point of the game is the user profiltne user profile is a

set of basic information the user enters before starting the game. There are three
categories that the information provided by the user falls into: demograpliacrimation,

user skill informationand relevance information. The entered data includes the following:

dzA SNR& AYTF2NNIGA2Y | 020N scark i§ feath of MBE kighth 1 | (A
guestions, the sector that the organization is grouped in, the roleuber has in that
organization, if the user knows abaile hazards itheir organization, the confidence the

user has intheir health and safety knowledgebase and some generic demographic
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information. The demographic information ised for determining whois playing the

I3rYS Ay GKS I NHS a0lFfSeo ! aSNJ -adertiffed Ay T2
knowledge in health and safety and their confidenaéh health and safetynformation.
[Fabdfes GKS NBfSGIyOoS Ay T2dsMdtylsdcrnandisbised® NR o6 S
to determine what challenges the user will be presented witthe user profile is crucial

to the start of the personalization of the ganees it allows the game to adapt the
experience to thadza Sdpd&eific educational need As the user plays the gamieir

profile is constantly updated with the score from the challengéss includes statistics

which is contained in the user profil@hese statisticare captured during gameplay as

the user progressed through the challeng@le user can review how well they are

performingin the gamdrom graphs and statistics displayed in their home page.

Figurel3 Safety Rocks tittle screen.






























































































































