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Abstract 
The Canadian Armed Forces (CAF) are expanding and modernizing their training and 

preparation on mental health and resilience (National Defence and Canadian Armed Forces, 
2016).  The Road to Mental Readiness (R2MR) program is part of this effort, and Defence 
Research and Development Canada (DRDC) has played a key role in developing and evaluating a 
series of mobile phone modules designed to make this training available to CAF members as 
self-learning tools.  DRDC is currently conducting investigations into whether the R2MR mobile 
application can be gamified to take the form of a serious game integrating wearables to provide 
learners with biofeedback (Granek, Jarmasz, Boland, Guest, & Bailey, 2016).   

The current report by the National Research Council Canada (NRC) is in support of DRDC’s 
efforts and aims at identifying Human-Computer Interface (HCI) design principles for serious 
games using wearables.  The report is divided in three main sections.  The first section briefly 
describes the methodology employed to produce the report.  The second section provides 
principles for guiding the development of a gamified R2MR application by reference to four 
domain areas: 1) user-centred design and human-computer interaction, 2) persuasive 
technologies to support behavioural changes, 3) sensors/effectors for stress resilience, and 4) 
gamification and serious game design principles.  The third and last section presents a R2MR 
gamification use case based on an analysis of the high-level characteristics of the R2MR mobile 
application and the Mechanics-Dynamics-Aesthetics (MDA) framework to identify possible 
gamification options.   

The literature review indicates that a gamified version of the R2MR mobile application 
requires the application of a wide range of relevant design principles from different 
perspectives.  The main outcomes are:  

• From a user-centred design point of view, meeting requirements and following 
design principles derived from human computer interface best practices are not 
sufficient and need to be strongly coupled with end user testing at each phase of 
development from initial design to final product evaluation.   

• Serious games for training introduce additional design constraints, such as the 
requirement to focus on meeting intrinsic user needs related to competence, 
autonomy, and social connectedness, rather than only extrinsic motivators such as 
rewards or badges.  If gamification is to be used, it should only consist of a part of 
an instructional program with the bulk of the program consisting of guided 
problem-based instruction, with frequent and adequate assessments and 
feedback, while using as much scaffolding as possible to reduce complexity to a 
manageable level.   

• Design principles from the perspective of persuasive technologies to foster 
behavioural changes place a particular emphasis on the importance of supporting 
the main behaviour change through internal motivation, dialogues (external 
rewards), credibility, and social relations.   
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• From the perspective of applications to develop mental resilience, particular 
attention needs to be placed on stigma and cultural barriers plaguing the use of 
mental readiness and mental health training tools.   

• Lessons learned from incorporating biometric readings into studies of stress 
reduction include the importance of the users’ comfort when wearing 
measurement devices.  Several studies found the best measures for assessing 
mental and emotional overload as well as changes in physical activity were cardiac 
and respiratory rates.  Additional biometric sensors could include galvanic skin 
response sensors and eye tracking connected to smartphones; however, 
monitoring heartrate provides the best solution for real-time feedback for mental 
resilience and stress reduction with the use of biometrics.  

Résumé 
Les Forces Armées Canadiennes (FAC) étendent et modernisent la formation et la 

préparation à la santé et résilience mentale (National Defence and Canadian Armed Forces, 
2016).  Le programme en Route vers la Préparation Mentale (RVPM) fait partie de ces efforts et 
Recherche et développement pour la défense Canada (RDDC) a joué un rôle clé dans le 
développement et l’évaluation d’une série de modules pour une application mobile conçue 
comme un outil d’apprentissage autonome pour les membres des FAC.  RDDC étudie 
actuellement la possibilité de ludifier (gamify) cette application mobile qui pourrait aussi 
intégrer des senseurs pour donner une rétroaction sur certains états physiologiques (Granek et 
al., 2016).   

Le présent rapport par le Conseil National de Recherches Canada (CNRC) vise à soutenir 
les efforts de RDDC en identifiant les principes de conception d’interface personne-machine 
pour des applications d’apprentissage ludique utilisant des senseurs de processus 
physiologiques.  Le présent rapport est divisé en trois sections.  La première section décrit 
brièvement la méthodologie employée pour produire le rapport.  La seconde section établie les 
principes d’une ludification de l’application RVPM en référence à quatre domaines: 1) la 
conception centrée sur l’usager et les interactions personne-machine, 2) les technologies 
persuasives en soutient au changement de comportement, 3) l’utilisation des senseurs et 
effecteurs pour la résistance au stress, et 4) les principes pour la ludification.  La troisième et 
dernière section présente un cas d’utilisation basé sur une analyse de l’application mobile à 
partir du cadre “Mechanics-Dynamics-Aesthetics” (MDA) afin d’identifier quelques options de 
ludification.   

La revue de la littérature indique qu’une version ludifiée de l’application mobile RVPM 
exige de considérer un large éventail de principes de conception à partir de plusieurs 
perspectives différentes.  Les résultats principaux sont : 

• Du point de vue de la conception centrée sur l’usager, la rencontre du cahier des 
charges et l’application des meilleures pratiques en interface personne-machine 
ne sont pas suffisantes et doivent être associées fortement à des tests avec des 
usagers à chaque étape du processus de développement, de la conception initiale, 
à la validation du produit fini.  
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• Les jeux sérieux introduisent des contraintes de conception supplémentaires, 
telles que le besoin de mettre l’emphase sur les besoins intrinsèques associés à la 
compétence, l’autonomie et la connectivité sociale, au détriment de la motivation 
extrinsèque (ex. points).  Si une ludification est effectuée sur un jeu sérieux, elle 
ne devrait porter que sur une partie de l’application, pour laisser la majorité de 
l’application être guidé des instructions fondées sur la résolution de problème, 
avec des évaluations et de la rétroaction fréquente et en utilisant l’échafaudage 
pédagogique pour réduire la complexité.   

• Les principes de conception tirés des technologies de persuasion pour favoriser le 
changement de comportement mettent l’emphase sur l’importance de soutenir le 
comportement ciblé par la motivation intrinsèque, les dialogues (motivation 
extrinsèque), la crédibilité, et les relations sociales.   

• D’une perspective centrée sur la résilience mentale, une attention particulière doit 
être accordée à la stigmatisation et aux barrières culturelles freinant l’utilisation 
d’outil de formation en résilience et santé mentale.   

• Les leçons apprises lors de l’incorporation de lecture biométrique pour l’étude de 
la réduction du stress montrent l’importance de s’assurer du confort lorsque les 
outils de mesure sont portés.  Plusieurs études ont indiqué que les meilleures 
mesures pour évaluer la surcharge mentale et émotionnelle, ainsi que les 
changements lors de l’activité physique sont les rythmes respiratoire et cardiaque.  
Des senseurs supplémentaires branchés à des téléphones intelligents pourraient 
inclure des mesures de réponse galvanique de la peau et le suivi du mouvement 
oculaire, mais l’utilisation du rythme cardiaque offre la meilleure des solutions 
biométriques pour une rétroaction en temps réel sur la résilience mentale et de la 
réduction du stress.  
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Introduction 
The Canadian Armed Forces (CAF) are expanding and modernizing their training and 

preparation on mental health and resilience (National Defence and Canadian Armed Forces, 
2016).  The Road to Mental Readiness (R2MR) program is part of this effort, and Defence 
Research and Development Canada (DRDC) has played a key role in developing and evaluating a 
series of mobile phone application modules designed to make this training available to CAF 
members as self-learning tools.  The mobile application is focused on improving performance 
by managing physiological arousal levels through a series of techniques such as goal setting, 
visualization, self-talk, controlled breathing and attention control.  DRDC is currently conducting 
an investigation into whether the R2MR mobile application can be gamified to take the form of 
a serious game, integrating wearables to provide learners with biofeedback (Granek et al., 
2016).  

DRDC and the National Research Council Canada (NRC) met in July 2018 to discuss the 
possibility of engaging on a project to provide DRDC with advice on Human-Computer 
Interaction (HCI) design principles for serious games using wearables, and in particular for a 
serious game to augment the set of available self-learning tools for the DND’s Road to Mental 
Readiness program.  The main NRC task for this project is to develop in an iterative manner, 
and in close collaboration with DRDC, a report about a set of human computer interface design 
principles related to gamification and serious games using wearables which takes into account 
state of the art knowledge in this domain, prior work and lessons learned by DND and the DRDC 
R2MR team.   

The identification of HCI design principles for a serious game with wearables relies on a 
set of related domain areas.  The intended application touches on generic human computer 
interaction design principles, as well as their applications to persuasive technologies, and 
biofeedback for self-regulation.  In particular, persuasive technologies aim at creating 
compelling, attractive and entertaining experiences, while at the same time delivering specific 
information and messages to the users to support behavioural change.   

The report is divided in three main sections.  The first section briefly describes the 
methodology employed to produce the report.  The second section provides principles for 
guiding the development of a gamified R2MR application by reference to four domain areas: 
1) user-centred design and human-computer interaction, 2) persuasive technologies to support 
behavioural changes, 3) sensors/effectors for stress resilience, and 4) gamification and serious 
game design principles.  The third and last section presents an R2MR gamification use case 
based on an analysis of the high-level characteristics of the R2MR mobile application and the 
Mechanics-Dynamics-Aesthetics (MDA) framework to identify possible ways to gamify the 
R2MR current mobile application while respecting HCI, persuasive technologies, and 
sensors/effectors deployment principles.   
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Methodology 
The methodology for producing the report consisted of a combination of literature 

reviews and analysis to adapt the results to specific issues related to the gamification of the 
R2MR application.  The main activities included: planning (specifying the research questions, 
developing and evaluating the review protocol), conducting (identification of documentation 
search criteria, selection of primary and secondary sources, assessment of source quality, and 
information extraction and synthesis), and reporting (report formatting and draft evaluation).   

This report is based upon environmental scans conducted by researchers at the NRC on 
the Federal Science Library (FSL) database.  The FSL database provides NRC researchers with 
access to 1,328 resources through a variety of databases including SCOPUS, D&B Hoovers 
(Avention), and NITS.  The initial searches were conducted on the FSL database and included all 
relevant articles from 2010+ published in English and French.  Searches on the FSL were limited 
to those that were: items with full text online; peer reviewed publications and scholarly 
materials.  Newspaper articles, book reviews and dissertations were excluded.  Other exclusions 
also involved demographics – articles pertaining to design principles focusing on children and 
the elderly were excluded.  Also excluded were papers referring to specific medical conditions 
and biofeedback devices.  For example, on the topic of HCI design principles and serious games, 
articles discussing design principles for games for adults coping with diabetes and insulin 
therapy were considered out of scope.  Follow-up searches were conducted using Google 
Scholar.  Articles, reports and white papers previously known to the researchers were also 
added to the list of articles to review.  Searches were conducted using variations of the 
following terms and phrases: “gamification”, “serious games”, “HCI design principles”, “user-
centred design”, “heart-rate monitors”, “biofeedback”, “persuasive technologies”, “controlled 
breathing”. One hundred thirteen papers were reviewed and/or referenced to produce the 
current report.  

Design Principles 
The User-Centred Design Process 

The intention of this section is to introduce Human Computer Interaction (HCI) principles 
for user interface design.  These principles arise from several sources: design practices, 
cognitive psychology, and what could be called design patterns.  The best practice for user 
interface design is a set of design methodologies collectively known as User Centred Design 
(UCD) (or human-centred design) (Abras, Maloney-Krichmar, & Preece, 2004; International 
Organization for Standardization, 2010), or more recently as User Experience (UX). UCD is an 
empirical and iterative process that involves frequent testing of interface designs with human 
users.  

This section is aimed at research scientists and software developers.  We draw analogies 
between UCD practice and common software development practice to better communicate the 
need for and the place of these UCD practices in software development projects.  However, it is 
unlikely that a software development team that does not already practice UCD will engage in it 
simply as a result of reading this document, and even if such a team would want to begin 



 National Research 
Council Canada 

Conseil national 
de recherches Canada SGW-R2MR 

 

Final report - 2019.03.29 Page 8 of 67 

performing UCD, it would not be able to do so properly without an experienced UCD designer 
(Göransson, Gulliksen, & Boivie, 2003). 

Human Computer Interaction (HCI) refers to an applied discipline involving research and 
development regarding direct interactions between humans and technology.  HCI is a 
multidisciplinary field drawing from computer science, psychology, anthropology, ethnography, 
sociology, and graphic design.  HCI tends to refer to research activities in this area, while User 
Interface (UI) design or User Experience (UX) refer to practices (processes) to actually design 
interfaces that are satisfactory to users.  UI and UX are to HCI what medicine is to medical 
research.  

HCI design principles are abstract UI design guidelines based on best practices, empirical 
evidence, or derived from empirically validated psychological theories. If followed, these 
principles produce UIs that are easy to learn and use, help the users complete their tasks 
efficiently, and do not mislead the users, violate their expectations, or lead users to commit 
errors. 

It is important to understand and apply principles rather than simply following rules and 
checklists (Blackwell & Green, 2003).  UI design involves many trade-offs and compromises, so 
it is important to understand the reasons in favour of or against using particular design 
elements.  Moreover, the breadth of possible designs is so great that any attempt at a checklist 
with reasonable coverage would produce a voluminous and unmanageable tome.  Principles, in 
contrast, are much more compact.  An understanding of those principles then allows the 
designer to extend and judiciously apply those principles to specific contexts.   

User Interface Design and Software Development Methodologies 

UCD has evolved and generally exists independently of software development 
methodologies.  Nonetheless, UCD can be integrated into various software development 
approaches.  Short descriptions of how to integrate UCD into software development are 
provided below.  In addition, some commonalities between software development and UCD are 
illustrated to convey a better understanding of UCD practices. Specifically:  

• User interfaces resemble Application Programming Interfaces (APIs); 
• Requirements must be known and managed; 
• Testing is necessary. 

Very generally, there are four categories of software development methodologies: 
Waterfall (Leffingwell & Widrig, 2003), Rapid Application Development (RAD) (Boehm, 1988; 
Martin, 1991), Iterative or Rational Unified Process (RUP) (Aked, 2003; Leffingwell & Widrig, 
2003), and Agile development (Beck et al., 2001).   

UCD resembles RAD methodologies most closely since: 

• UCD makes heavy use of prototypes and iterative development and refinement 
of those prototypes with user involvement (Beynon-Davies, Mackay, & 
Tudhope, 2000; Boehm, 1988; International Organization for Standardization, 
2010). 
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• UCD also involves a recognition that requirements, even if they are carefully 
specified at the start of a project, are subject to change. Some of those changes 
can be uncovered through rapid prototyping (Beynon-Davies et al., 2000; 
International Organization for Standardization, 2010). 

• Prototypes are designed and developed through design/test iterations 
(Beynon-Davies et al., 2000; Boehm, 1988; International Organization for 
Standardization, 2010). 

• The user and the user interface determine the nature of the other software 
components (Lank, Withee, Schile, & Parker, 2005). 

In a waterfall context, UCD would be performed at the beginning of the project, before 
coding begins. 

In both RAD and UCD, the UI design and prototypes are often developed independently 
(and before) the application itself is coded (Boehm, 1988; Jurca, Hellmann, & Maurer, 2014; 
Lank et al., 2005; Martin, 1991). However, the prototype is often not implemented as designed 
because development constraints often require UI design modifications.  Moreover, user (and 
other) requirements can change, necessitating a change in the UI.  In such situations, ideally the 
UI designers tweak the design to accommodate the constraints while still meeting user needs.  

The reasons to complete most of the UI design ahead of application development are 
that: 

• In some projects, the UI is of critical importance and involves the greatest risks 
of failure (e.g. Lank et al., 2005). 

• Requirements for other components of the software system can depend on the 
UI. 

• UI design iterations can be quite rapid - much faster than software 
development sprints: 

o Paper prototyping iterations can occur on the order of minutes, 
o Partly functional mock-up prototype iterations can occur on the order of 

an hour or so. 
• It is easier to schedule the UI designers as a group working over a relatively 

short period of time than to schedule them sporadically throughout a longer 
full development period.  A sporadic schedule requires the UI designers to work 
on many projects simultaneously and to coordinate their schedule across all 
those projects.  

• User participation is also concentrated in short periods of time.  
• Code development is focused on the functionality that is most important to the 

users, reducing risk and rework (Blackburn, Scudder, & Van Wassenhove, 
1996). 

In contrast, in iterative design or RUP (Aked, 2003; Leffingwell & Widrig, 2003) and agile 
development (Jurca et al., 2014), the primacy of the user interface gives way to full development of 
a portion of the application in each iteration.  In RUP and agile development, user interface 
prototyping does not run ahead of the rest of the development (Göransson et al., 2003; Jurca et al., 
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2014).  The formal RUP process in particular pays little attention to usability and provides little 
support for UI design activities (Göransson et al., 2003). 

Agile development is quite focused on the user, but emphasizes developing and delivering 
working code rather than trying to design the whole UI up front before development (Beck et al., 
2001; Jurca et al., 2014).  While agile development is really a set of practices rather than a coherent 
single methodology, an initial phase of agile development (iteration 0) sometimes involves 
obtaining a broad but superficial understanding of the requirements and identifying and prioritizing 
feature sets to develop (Salah, Paige, & Cairns, 2014), or allows for a time limited exploration of 
technological feasibility.  This is very similar to UCD and various requirements engineering 
approaches.  One notable difference between agile development and requirements engineering 
relates to the documentation.  In agile development, the documentation is intentionally kept light 
and face to face conversations are preferred over documents.  In contrast, requirements 
engineering encourages the documentation of requirements (Beck et al., 2001; Paetsch, Eberlein, & 
Maurer, 2003).  Some agile development practices use prototypes as in UCD, but developing and 
delivering working code in each iteration tends to be the preferred approach (Jurca et al., 2014; 
Paetsch et al., 2003). 

One way in which UCD can be integrated into agile development is to have the designers 
develop some high level concepts to present to the users for validation in the first phase of the 
project.  Before each agile development iteration, the designers can perform their own UCD 
iteration: performing rapid prototype iterations with the users to clarify requirements, uncovering 
and resolving UI trade-offs, describing functionality in more detail than was done in the early phase, 
and produce a low-fidelity prototype accompanying each user story.  Each UCD sprint would run 
ahead of the corresponding development sprint (Plonka, Sharp, Gregory, & Taylor, 2014).  Discount 
usability testing (Nielsen, 1993) (similar to the RITE method (Medlock, Wixon, McGee, & Welsh, 
2005)) can be performed after the development sprint to uncover any serious problems.  In this 
arrangement there are three parallel tracks: UCD, development, and usability testing. However, the 
tracks are shifted back from the previous track by one sprint (Figure 1). Nonetheless the integration 
of UCD into agile development remains problematic in practice (Plonka et al., 2014). 

Figure 1: Cascading Sprints. 
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HCI design principle relating to this section: 

1. User-centred design (UCD) should be integrated into the software development 
methodology. 

Why UCD? User Interfaces and APIs 

User interfaces are similar to APIs.  In modular software architectures like service-oriented 
architectures, modules interact through APIs.  Similarly, one can consider a human operator and a 
device as two modules in a human-machine system.  The human and the device interact through 
the user interface (see Figure 2). 

 
Figure 2: APIs and UIs. 

APIs have specifications for their interactions.  For example, an API may use the JSON format 
with certain key value pairs.  The program calling this API must conform to the API’s specifications 
to interact with the code behind the API.  The XML format (for example) will not work with a JSON 
API and if there are critical key value pairs missing, the code behind the API will not execute.  
Similarly, the UI will have specifications.  However in contrast to an API, the UI must conform to the 
user’s mental specifications.  Otherwise, the user will be unable to complete the task, or will make 
errors, or will be slow to complete the tasks (see Figure 3).  The information provided by the UI 
should be complementary rather than identical to the user’s knowledge, as there is not much point 
in presenting information the user already has in working memory.  

 
Figure 3: User and UI Mapping. 
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There are two broad areas of required compatibility between user interfaces and users: 
1) Human information processing, and 2) Mental models.  Each of them is discussed in the next 
section.  

HCI design principles relating to this section: 

2. User interfaces must be compatible with human information processing. 
3. User interfaces must be compatible with the users’ mental models. 

Why UCD? Requirements 

It is common practice in software development to collect requirements (Bourque & 
Fairley, 2014), which take the form of user stories in agile development (Paetsch et al., 2003).  
Collection, specification and management of requirements falls on a continuum with full 
upfront formal specification at one end and a code first ask questions later approach at the 
other end.  None of them are reasonable approaches.  Full up front specifications are often 
ignored and fail when confronted with change requests that arise from technical or budgetary 
constraints, requirement clarifications from clients, or user testing (including demos).  The 
(extreme) code first approach is simply impossible because the application’s primary function 
must be identified before coding can even begin. 

At a minimum, the following software requirements should be known: 

• The basic system functions (e.g. track weight loss, provide specifications for 
electrical transformers); 

• The physical environment in which the computer system will operate (e.g. 
indoors vs. outdoors); 

• Important characteristics of the users (e.g. children, adults, physicists, nurses, 
etc.); 

• Important stakeholder requirements (e.g. regulatory requirements, business 
requirements). 

Regardless of how the requirements are collected, they can be classified into several 
categories.  Here is one possible requirement taxonomy: 

• Technical or non-functional requirements: 
o Specify the operation and performance standards for hardware, 

software, and networking, as well as features of the system that are 
needed to meet those performance standards.  For example, the system 
must allow one thousand concurrent users with a response time of less 
than one second (on average) to user commands.  Technical 
requirements can also encompass maintainability, security and other 
similar requirements (Bourque & Fairley, 2014).  Such requirements can 
also be considered organizational requirements.  Technical 
requirements are often heavily influenced by functional and 
environmental requirements. 



 National Research 
Council Canada 

Conseil national 
de recherches Canada SGW-R2MR 

 

Final report - 2019.03.29 Page 13 of 67 

• Functional requirements: 
o Specify the functions that the system must perform (Bourque & Fairley, 

2014).  For example, the system must emit a sound to alert the user of 
an impending collision.  These primarily result from user goals, but can 
also stem from user requirements, and organizational and business 
requirements. 

• User requirements: 
o Features the system must have, or functions the system must perform 

to meet user needs that are not directly related to user goals.  For 
example, the display must be adjustable to be read by someone who is 
nearsighted. 

• Environmental requirements: 
o Environmental conditions under which the system must operate.  For 

example, the system must be usable outdoors (International 
Organization for Standardization, 2010). 

• Organizational requirements: 
o Rules of the organization that the system must respect or incorporate. 

For example, access rights will differ across users.  Regulatory 
compliance (to privacy laws for example) is often a source of 
organizational requirements.  

• Business requirements: 
o Business requirements arise from business objectives; the state of 

affairs an organization wishes to come about through the use of the 
computer system.  For example, a decrease in average call time by 10%. 

o The concept of a business requirement is similar to that of a product 
requirement (Bourque & Fairley, 2014). 

Technical requirements should be specified last because they depend on all the other 
types of requirements.  Consider for example, the following true case: A government project to 
update a computer system was headed for failure because the developers had concluded that 
the network would require an extremely expensive upgrade to meet targeted user input 
response times.  However, someone decided to ask the end users what response times were 
acceptable to them.  Since they were used to a slow network, they had developed strategies to 
deal with the slow response times.  As long they could still use their strategies, they only 
required a reduction in response times that did not require a network upgrade so the project 
could be completed within budget.  The point is that a technical requirement (network 
capacity) depended on a user requirement (response time), and an error regarding this user 
requirement almost doomed the project. 

The other types of requirements can also directly influence the UI design.  Obviously, 
functional requirements will determine what information must be presented to, and input by, 
the user, which affects UI design.  User requirements, such as the effect of users’ age on visual 
acuity, will affect the size of the text, for example.  The requirement that the system be mobile 
has implications for display size which affects the UI.  An organizational requirement of 
different access rights for different roles will affect UI design in that some functions and 
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information will only be available to some users.  The development team has to ensure the UI 
design meets the requirements and determine how requirements will affect each other. 

The point of this section is not to dictate how to elicit, document and manage 
requirements.  There are whole books on that topic (e.g. Wiegers, 2003).  The point is that 
requirements exist independently of a software developer’s awareness of them.  Requirements 
owe their existence to the context in which the computer system is used.  If the computer 
system does not meet those requirements, it may not be used or be usable.  Consequently, 
software developers must become aware of the requirements, especially those that are more 
likely to limit the use of the system if it does not meet them.  

HCI design principle relating to this section: 

4. The UI design and computer system must meet the types of requirements 
specified above. 

Why UCD? Testing 

Finally, just as software testing is required to ensure that it runs properly, UI requires 
testing to ensure it is acceptable to users.  While humans are more forgiving of poor UIs than 
software is of a poor API, poorly designed UIs can make it impossible to complete a task, lead 
the user to make errors, reduce efficiency, or elicit frustration. 

There are three main forms of UI testing: 

• Acceptance testing, which involves testing the UI design against requirements. 
• Iterative design and testing. 
• Summative usability testing, also often referred to as user testing. 

In acceptance testing, the UI design is compared to the requirements to determine if the 
requirements are satisfied by the design.  One simple example relates to colour blindness.  If it 
is a requirement that colour blind individuals be able to use the system, then accomplishing a 
task with the system should not depend on colours that colour-blind people cannot distinguish.  
Acceptance testing is of limited use, however, because it is difficult to ascertain simply by 
examining the design whether or not users could actually accomplish tasks with the system if 
the design were implemented. 

Iterative testing and design is the principal form of testing in UCD.  Designers will create 
prototypes and have potential users use those prototypes to accomplish a realistic task.  
Typically several tasks are required to test all the design features.  If users have difficulty with a 
particular part of the UI, the prototype is modified in an attempt to rectify the problem, and 
testing continues.  Prototypes will often be modified several times before users can successfully 
use them efficiently and effectively.  This highlights the need for testing UI designs before time 
and money is spent implementing them (Medlock et al., 2005).  

Summative usability testing is performed with a stable prototype that appears to be 
working well.  A number of potential users experience the same version of the prototype to 
collect metrics regarding productivity and user errors.  Such metrics are often needed to verify 
that business requirements have been met (Beyer & Holtzblatt, 1997). 
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HCI design principles relating to this section: 

5. The UI design itself should be tested. 
6. Usability testing should be performed. 

Why UCD? Adoption 

Another reason to use UCD is to promote adoption.  Several models that identify the 
factors leading to technology adoption have been developed and validated.  These models are 
combined in the Unified Theory of Acceptance and Use of Technology (UTAUT) model 
(Venkatesh, Morris, Davis, & Davis, 2003). The model identifies four factors that influence 
technology adoption.  In order of importance, they are: 

• Perceived usefulness; 
• Social influence; 
• Perceived ease of use; 
• Facilitating conditions. 

These factors are assessed through user questionnaires, so they are measuring the user’s 
perceptions of these factors, as opposed to directly measuring the factors themselves.  UCD can 
support adoption because UCD increases (actual) ease of use through the application of design 
principles and usability testing and it increases (actual) usefulness through user needs 
assessments.  

User-Centred Design Practice 

The previous section highlights similarities between UCD and generally accepted software 
development practices and describes how UCD may fit into common software development 
methodologies.  In this section we provide more detail on the UCD practices themselves. 

Objectives 

User-Centred Design (UCD) is an approach to designing high quality user interfaces.  The 
main objectives of UCD are to design a UI and related functionality that (International 
Organization for Standardization, 2010; Maguire, 2001):  

• Lead to task completion nearly all the time, if not every time; 
• Minimize errors committed by the human-machine system; 
• Optimize efficiency; 
• Reduce (and better yet: eliminate) the need for training (see also Norman, 

1988); 
• Produce enjoyment. 

Note that task completion can be expressed as usefulness and the other objectives can be 
expressed as ease of use. Another UCD activity that supports usefulness is user needs 
assessments, which is the UCD analogue of the non-technical requirements described above.  
Both usefulness and ease of use are important factors in technology adoption (Venkatesh et al., 
2003). 
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Process 

There are several variants to performing UCD (see for example, ISO, 2010; Jurca et al., 
2014; Nielsen, 1993).  However in general, the process can be characterized as follows: 

• Step 1: User Needs Assessment; 
• Step 2: Design Concept; 
• Step 3: Rapid Iterative Prototyping; 
• Step 4: Summative Usability Testing. 

It is important to keep in mind that this process is at least partly cyclical in the sense than 
a designer will often return to an earlier phase for refinement. Moreover, the first three steps 
are each internally very cyclical (Shneiderman et al., 2016). 

These steps are described in more detailed in the sections below. 

User Needs Assessment (UNA) 

The UNA is the UCD version of requirements elicitation.  The categories of requirements 
specified above provide reasonable coverage of the different types of requirements 
(International Organization for Standardization, 2010), though technical requirements are often 
left to the developers. 

Focusing specifically on user-related requirements, it is important to consider that 
applications often have many types of users: end users may have several different roles and 
there are often administrators who have to maintain passwords or permissions, perform 
updates and so on (International Organization for Standardization, 2010; Nielsen, 1993). User 
roles and user differences can be embedded in personas. Personas are descriptions of 
functional users that fulfill certain roles and have important individual characteristics (e.g. 
expert or novice). These personas as used in the design phase to inspire solutions and test them 
(U.S. Department of Health & Human Services, 2013). 

A task analysis (Nielsen, 1993) is an extremely important aspect of user needs 
assessment.  The task analysis should include all of the users’ goals and their current workflows 
for achieving those goals, the information (inputs) required, and the deliverables users need to 
produce.  A task analysis can be captured in a workflow diagram or in scenarios, which are the 
UCD version of a use cases or user stories.  Note that scenarios often incorporate specific 
personas (mentioned above).  Like personas, scenarios can be used to inspire designs and to 
perform testing (Jurca et al., 2014; U.S Department of Health & Human Services, 2013). 

Accessing users is often problematic (Nielsen, 1993). In such situations, personas and task 
analyses effectively stand in for actual users and can drive quite a bit of design. Documents 
describing the domain (e.g. accounting, dentistry), user tasks, and deliverables can also 
sometimes replace some user involvement. Indeed, when developing an application for a 
specialized domain (like dentistry) the designer cannot expect a dentist to teach him all of 
dentistry. The designer will have to acquire some domain knowledge independently.  

In contrast to task analysis, UNA and usability testing require interacting with the actual 
end users (Maguire, 2001), as opposed to relying on assumptions, hearsay, or managers.  
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There are several methods to elicit user needs: 

• Surveys; 
• Focus groups; 
• Interviews; 
• Observation; 
• Participation (ethnographic methods). 

Of these methods, the most critical is observation. The designers must observe end users 
interacting with the current system (whether manual or computerized) doing actual work tasks 
(International Organization for Standardization, 2010). As the designers observe the users, the 
designers can ask those questions about their ultimate goals, exceptions to the workflow, 
additional sources of information that would help and so on. This information is critical for task 
analysis. 

Another extremely important aspect of UNA is prioritization. Users will have a variety of 
needs.  Some will be important to them because of the users’ own priorities, some will be 
important because they are critical to task completion, or constitute important steps in the 
workflow, and some will be important because they arise frequently.  In contrast, some needs 
are less important.  For example, they may only arise rarely, may already be adequately 
handled by another process, or may not relate to critical path activities. 

Agile methods and RAD often prescribe meetings between developers and users.  One 
problem with these meetings is that it removes users from their context of work.  The context 
reminds users of their work (and tasks, goals, requirements, etc.), thus providing the designer 
with more accurate information.  Consequently, such a meeting is not a substitute for direct 
observation. 

Four important assessments that developers can make based on a user needs assessment 
or scenarios are the importance, difficulty, cost, and risk of failure of developing software to 
respond to each scenario.  In an iterative and agile framework, the development team would 
then focus on the most important, difficult and riskiest scenarios first.  The easier and less 
important items can be left until later in the project if the riskier important items prove 
successful.  If the risker items fail, the cost of developing the easier items is avoided. 

Design Concept 

The design concept is a very preliminary idea of what the UI and its associated 
functionality will be.  The concept should undergo acceptance testing (see above) before being 
presented to the users and stakeholders.  Meeting the user needs with the concept will ensure 
that the concept is not outright wrong, but there is still a great deal of work remaining to refine 
the concept into an efficient and effective system (Beyer & Holtzblatt, 1997).  Moreover, there 
is no guarantee that any concept that passes acceptance testing will, once refined, 
accommodate all the required functionality in a coherent way.  In some cases, concepts are a 
dead end and the designer must go back to the drawing board.  Consequently, it is 
recommended that more than one design concept be developed. 
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Design concepts are presented to the users and stakeholders for feedback (and eventual 
selection if there is more than one).  Consequently, it is important to present concepts in a 
format that is easy for the users to understand and critique.  One suggested approach is to 
produce sketches of the UI and present it in concert with a few scenarios.  In this context, a 
sketch really is just a sketch; much like an architect’s early sketches of a building.  One 
advantage of sketches is that users understand that they represent concepts rather than full-
fledged designs, and as a result are less likely to focus on details such as colour (Beyer & 
Holtzblatt, 1997).  Some electronic UI mock-up tools even produce mock-ups that look like 
hand-drawn sketches (see https://balsamiq.com/wireframes/).  Typically, user or customer 
feedback will lead designers to iterate over a few concepts and concept versions.  Once a 
design concept has been agreed upon, it is further developed through rapid iterative 
prototyping. 

Rapid Iterative Prototyping 

Iterative prototyping proceeds in cycles and should involve users and realistic scenarios 
and data, if possible.  The first cycle begins with paper prototypes which are pencil and paper 
hand drawings of the UI. Each piece of paper represents a state of the UI.  The user pretends to 
use the paper system as if he were using a real computer system.  As the user interacts with the 
pieces of pape3r, the designer simulates the UI’s functionality by swapping the pieces of paper.  
The user works through the scenarios, following each scenario step by step.  If the user 
encounters a problem, the designer and user attempt to solve it by changing the design.  Herein 
lies one great advantage of paper prototypes: the design can be changed extremely rapidly.  
This ease of redesign accommodates many design-test-redesign cycles with several users 
working through several scenarios during paper prototyping (Beyer & Holtzblatt, 1997).  Once 
the paper design reaches a satisfactory state, the prototype can be implemented electronically. 

Electronic prototypes can be created with PowerPoint, HTML, visual studio or other tools.  
The aim at this stage is to produce a limited functional prototype that can again be tested with 
a few users.  Again, changes should be made rapidly, sometimes following each user (Medlock 
et al., 2005; Whitenton & Gibbons, 2018).  As the design improves, the realism of the prototype 
can increase as well to a point at which the next phase is entered (Lee, Wickens, Liu, & Ng 
Boyle, 2017).  Modern web software development frameworks support such rapid software 
development that they often allow an actual, functional UI to be implemented following the 
initial limited PowerPoint-type prototypes.  

Summative Usability Testing 

Summative usability testing is typically referred to simply as usability testing.  We use the 
term summative to distinguish it from the usability testing that takes place in the context of 
iterative prototyping, which is more formative.  The summative usability test is typically more 
formal and involves more users to obtain more reliable usability and user performance data 
(Beyer & Holtzblatt, 1997).  

Just as with iterative prototyping, we can expect some usability problems to arise.  
However, the iterative refinement from the previous stage should have captured and repaired 
all the serious design flaws.  At this summative stage, we should only need to tweak the design.  

https://balsamiq.com/wireframes/
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Summative usability performance data also reveals whether any system performance targets 
(which would have been specified during the UNA/requirements phase) have been met (Beyer 
& Holtzblatt, 1997).  For example, one target may be that users must be able to order a pizza 
within one minute.  If users take longer, a redesign may be required to lower the ordering time. 

HCI design principles relating to this section: 

7. Observe users in the context of their work (or tasks or activities). 
8. Determine the users’ roles, goals, tasks, workflows (including exceptions), 

sources of information, deliverables, difficulties, and important characteristics. 
9. Identify the scenarios that are important to the user and pose a development 

risk. 
10. Prioritize the needs as a function of their importance to the user. 
11. In addition, principle 4, regarding requirements is important in UCD. 
12. Involve users in the design by presenting them with concepts and prototypes. 

Design Features 

In this section we turn from the process to the design of features.  Design principles focus 
on features at several levels of abstraction.  The most abstract principles derive from basic 
human cognitive processing.  Some principles derive from user interaction with computing 
systems.  The least abstract principles result from the constraints imposed by specific devices, 
or operating contexts.  For example, small screens impose design constraints and 
corresponding design principles.  Night time or outdoor operating environments also impose 
constraints, on backlighting and glare control, for example.  Some principles relate to specific 
application contexts such as gamification and use under stress.  

We begin this section with the most abstract relevant information: human information 
processing.  This leads to design principles that take into account the human’s information 
processing limitations and abilities. 

Cognitive Psychology 

In the mid-1950s, psychologists increasingly questioned behaviourism and grew 
interested in studying thinking, as opposed to just studying behaviour.  The study of human 
thinking has come to be known as cognitive psychology.  Decades of subsequent research in 
cognitive psychology has shown this approach to be informative (Smith, 2001). 

Memory 

One of the most important aspects of human cognition in relation to user interface design 
is the structure of human memory.  Humans have four memories with very different 
characteristics (Lilienfeld et al., 2016): 

Sensory Memory 

Sensory memory is modality-specific, has a small storage capacity, and its memories last 
little more than a second (Lilienfeld et al., 2016).  
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Working Memory (WM) 

Working Memory is a cross-modal memory system with a small storage capacity of 
approximately three large chunks of related pieces of information or about seven small pieces 
of unrelated information.  The small pieces of information relate almost exclusively to new 
information arriving via sensory memory.  In contrast, information retrieved from long-term 
memory and held in WM can be much more substantial.  Memories only last about 20 seconds 
but can be refreshed through intentional and purposeful mental activity.  Because the 
memories do not last long, WM is often referred to as short-term memory.  WM is of critical 
importance because it is where information is processed and where most thinking occurs 
(Lilienfeld et al., 2016; Van Merriënboer & Sweller, 2005).  

Intermediate Term Memory 

Intermediate term memories persist longer than those in WM.  However, they appear to 
fade on the order of 15 minutes.  

Long Term Memory (LTM) 

Long-Term Memory (LTM) provides storage for information over the long term – on the 
order of years or even a lifetime.  If you remember the telephone number at your childhood 
home, it is stored in LTM.  One important phenomenon relating to LTM is recognition.  Given a 
stimulus that is similar to a memory stored in LTM, the presentation of that stimulus to a 
person can result in the automatic retrieval of that memory.  In addition, people can actively 
and intentionally attempt to remember something stored in LTM.  For example, one can try to 
remember the name of Kevin Bacon’s co-star in the movie Footloose.  Once information from 
LTM is retrieved, it is likely stored temporarily in WM, where it can be used in a mental 
computation (Lilienfeld et al., 2016). 

These memories work together, with information flowing from one structure to another 
in the following way.  New information from the environment arrives from the senses into 
sensory memory.  Paying attention to pieces of information in sensory memory transfers that 
information to WM.  Actively processing information in WM (in other words, thinking) moves 
that information into intermediate and LTM. Information from intermediate and LTM can be 
retrieved, moving into WM (Lilienfeld et al., 2016).  

Processing Capacity 

Another important consideration when designing UIs is that people have very limited 
processing capacity.  We often hear of information overload.  Information overload occurs 
when our capacity to process to new information is exceeded.  As a result, we are unable to 
attend to or remember information that may be important or to understand the implications of 
such information.  

Processing capacity is primarily employed by WM to perform various computations.  
Processing capacity is also used to actively keep information in working memory (Lilienfeld et 
al., 2016). 
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Learning 

One psychological feature that has important implications for serious game design, if not 
HCI, is that active processing of information leads to improved learning.  In other words, the 
learner has to think about the topic.  Specifically, the leaner must pay attention to the 
information, organize that information in working memory and integrate that information with 
prior knowledge stored in long-term memory (Mayer, 2008; Merrill, 2007).  An example of such 
processing would be the realization of how a newly learned winter driving procedure would 
have been useful in a past-driving incident.  

Once this information is organized and integrated into LTM, it can be used to perform 
complex tasks or reasoning.  Complex reasoning depends more on complex information 
retrieved from LTM than it does on substantial processing taking place in WM.  Much of what 
appears to be complex reasoning (e.g. playing chess) is actually in large part recognition of a 
particular situation and recalling related complex information from LTM and adaptively 
applying it to that situation (Van Merriënboer & Sweller, 2005).  Because recognition and recall 
require much less processing capacity than computation, complex behaviour based on 
recognition and recall can occur within the context of limited processing capacity. 

Mental Models & Consistency 

People develop mental models in an attempt to understand the functioning of unseen 
mechanisms. For example, people may develop a mental model of how a car works.  However, 
mental models do not fully represent the functionality needed to completely explain or predict 
the devices’ behaviour.  Mental models are often incomplete and sometimes internally 
inconsistent (Payne, 2003).  

Mental models relate to UI design in that people develop mental models of software 
(Norman, 1988). These mental models lead to expectations of how the application should 
behave in response to various inputs and user actions.  Violating these expectations can lead to 
user confusion, frustration and inability to complete a task.  A UI designer will therefore 
attempt to develop a UI that is consistent with the users’ mental models related to that 
application. 

UIs should be consistent with mental models to reduce user errors and even leverage 
existing knowledge (Norman, 1988).  The UI should be internally consistent to make it easier for 
a user to develop an accurate mental model from experience with the application.  An 
application has internal consistency if its functions and widgets have consistent meaning, 
behaviour, location throughout the application. For example, a single icon may appear in 
several places in a UI.  Its meaning is consistent if the icon has the same meaning every time 
and everywhere it appears.  

Through their experience with a variety of applications, users learn de facto standards for 
the meaning and function of various UI widgets. This leads to the development of mental 
models of how user actions lead to application behaviour.  These mental models then drive 
user expectations.  To have external consistency, an application’s widgets, functions, etc. must 
be consistent with de facto standards present across several applications.  For example, on iOS 
devices, clicking on the cog icon typically leads to application settings.  The use of the cog icon 
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in an app should be reserved for that purpose.  Similarly, double clicking an icon on a desktop 
computer starts the corresponding application or opens whatever the icon represents.  

Another factor in external consistency is the way in which the application embodies 
knowledge about the particular domain (Norman, 1988).  A flight simulator for example will be 
as consistent as possible with the way in which an actual aircraft works.  Pilots can then use 
their knowledge of how to fly a real aircraft when using the simulator.  Another example is a 
stock trading application that allows users to input various stock trading strategies in a way that 
is consistent with the domain’s names and concepts. 

Implications for UI Features 

Perhaps the most important aspect of psychology for UI design is that Working Memory 
represents a bottleneck both in terms of data throughput and computing capacity.  The primary 
implication for UI design is that the application should minimize the amount of information the 
user has to remember and minimize the amount of computation the user has to execute. 

For example, let us suppose that the user’s objective is to know how much he has 
improved his game play.  Let us further assume that the game score is an acceptable metric for 
the quality of game play.  To determine the improvement, we need to know the current score, 
the previous score and then compute their difference.  To minimize the impact on working 
memory, the difference between the two scores should be displayed on the screen, rather than 
forcing the user to navigate to some profile page to find the previous score to compute this 
difference himself. 

HCI design principles relating to this section: 

13. Minimize the information processing required of the user. 
14. Minimize the mental computations required of the user. 
15. Display all information in the context in which it is needed to minimize the 

user’s need to remember pieces of information displayed on different 
screen/display states. 

16. These principles imply that the information the user wants should be displayed 
on the screen (or communicated some other way), which itself implies that: 

17. The UI designer must know what information the user wants. 
18. Recognition is easier than recall. (It is therefore better to show something the 

user can recognize than to ask the user to recall it from memory.) 
19. Ensure that widgets and functions are consistent throughout the application. 
20. Ensure that widgets and functions are consistent with similar applications. 
21. Ensure that widgets and functions are consistent with the domain of the 

application. 

Appendix 1 lists all Human-Computer Interface and User-Centred Design principles 
identified in the previous two sections.  

Additional Resources for HCI Design Principles 

The above principles were derived primarily from the UCD design process and cognitive 
psychology, but there are other principles.  Three commonly cited sources of principles are 
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Norman (1988), chapter seven; Nielsen (1993), chapter 5; and Shneiderman et al., (2016), 
chapter 3.  To this list we can also add Togazzini (2014). 

One reason we focused on the UCD design process is that it is useful to understand how it 
relates to software development. One reason we focused on cognitive psychology is that it also 
supports the understanding of instructional design principles. 

Serious Game/Gamification Design Principles 

Typically, UI design and UX relate to particular technologies that users will use for a 
corresponding activity to meet goals related to that activity.  For example, word processing 
software helps the user write documents.  Serious games are different (Mora, Riera, González, 
& Arnedo-Moreno, 2017).  Serious games often have an instructional or training objective (like 
R2MR), whereas typical technologies do not.  Moreover, a game in and of itself does not allow 
the user to reach a goal that is external to the game.  There is no consequence to achieving a 
game goal outside of the game itself.  One plays a game for enjoyment; not to produce any 
work or to effect change in the real world.  In contrast, one writes a document for a reason; not 
simply to use a word processor.  Similarly, the intent behind a serious training game is that 
playing the game will refine skills that can be applied in other, real world, contexts (i.e. transfer) 
outside the game (Emond, Fournier, Lapointe, & MacDonald, 2010; Martens, Diener, & Malo, 
2008). 

This complicates matters for the serious game designer.  The serious game designer must 
not only ensure that the game’s user interface is easy to use, by following HCI principles, but 
also ensure that the game is enjoyable, by following game design principles, and that it meets 
its instructional objectives, by following instructional design principles (Martens et al., 2008).  
Below, we address HCI principles applied to game design, game design principles, instructional 
design principles, and serious game design principles. 

HCI Principles Applied to Game Design 

While useful to game design, the principles presented above are typically not applied in 
that context, despite the high costs of game development.  As Sykes and Federoff note, 
“Perhaps this is why conventional wisdom within the industry tells us that 80% of games 
released fail to generate a profit.” (Sykes & Federoff, 2006).  A notable exception is the RITE 
(Rapid Iterative Testing and Evaluation) method from Microsoft™, which more or less combines 
discount usability testing with rapid application development (Medlock et al., 2005) in that 
needed changes to the UI are intended to be implemented following each usability testing 
session. 

In their short article, Sykes and Federoff describe how UCD can contribute to game 
design. For example, the expectations of hard-core gamers differ from those of casual players 
(principles 4 and 10). These expectations can be incorporated into personas to support the 
selection of game features.  For example, hard-core gamers expect complexity and high-quality 
graphics. However, the Nintendo Wii™ cannot deliver these features because its hardware is 
not sufficiently powerful. Consequently, while the  Wii™ appeals to casual gamers, it does not 
appeal to hard-core gamers (Godinez, 2008). Had Nintendo used personas, they would have 
realized this early in the Wii’s development. This is another example of user requirements 
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(high-quality graphics) driving technical requirements (processing power) and how user 
requirements can affect adoption.  Following principles 5 and 6 would also have revealed this 
discrepancy early on. Sykes and Federoff (2006) provide additional abstract examples of how 
UCD approaches contribute to game development.  

Zelda™ 

Principles 15 to 17 can be illustrated by referring to the latest instalment in the Zelda 
series of console games: The Legend of Zelda: Breath of the Wild™.  Breath of the Wild™ has 
been critically acclaimed for its open play and attention to detail.  It is an open world role-
playing game in which the user seeks to defeat Calamity Ganon to save the kingdom of Hyrule 
(Wikipedia, 2019b). 

One of the most important principles is to ensure that the user has the information he 
needs when he needs it (principles 15 to 17).  An understanding of user needs combined with a 
task analysis will provide initial hypotheses regarding how the information should be displayed.  
Iterative prototyping and usability testing will test these hypotheses and optimize the display of 
information. In the context of Zelda™, Link (the player’s avatar) sometimes enters into combat.  
One important piece of information to determine what to do in a combat situation is Link’s 
health.  If Link is healthy, combat can proceed, but if Link’s health level drops as a result of 
injuries sustained during combat, the player may want to retreat to avoid Link dying.  Combat is 
a situation that requires the user’s attention and requires the user to use the controllers to 
fight.  The game therefore shows Link’s health on the main display instead of an adjunct screen 
(see Figure 4).  Of course, the game could require the user to pause combat and change screens 
to check Link’s health every time he sustains an injury, but this is likely to interfere with game 
enjoyment. 

 
Figure 4: Link’s Health. Source: Scott (2017). 

R2MR 

In the context of the R2MR mobile apps, many of the principles listed above should have 
been respected since the apps underwent usability testing and expert heuristic review (Granek 

Link’s health: 3 hearts 
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et al., 2016).  If the most important user needs are known, then the apps can be specifically 
designed to meet those needs, which should increase adoption and use (Venkatesh et al., 
2003).  For example, a needs assessment would identify the aspects of users’ lives that could 
most benefit from stress reduction techniques (e.g. controlled breathing) or goal setting.  
Perhaps one aspect of goal setting should be specifically tailored to making a financial plan, or 
to budgeting.   Alternatively, users’ diets may be poor. Goal setting could then be performed in 
that context (such as weekly meal planning, improving nutrition).  

This may involve developing applications that support such goal setting, but third-party 
applications could be used as well.  For example, Metro™ grocery stores offer a web-based 
application that allows users to search for and select recipes.  The ingredients for the recipes 
are then automatically added to the users’ on-line shopping list.  Metro will then do the 
shopping itself and deliver the groceries to the users (Metro Richelieu Inc, 2019).  If meal 
planning is stressful for potential R2MR program participants or they wish to improve their 
nutrition, this can be a useful application and, as a result, users would be more likely to adopt 
it.  Moreover, it will provide practice for planning.  The question, of course, is whether such 
planning habits will transfer to other aspects of the users’ lives and, in particular, work contexts 
(Martens et al., 2008). 

Similarly, user needs assessment techniques can be applied to uncovering the players’ 
most powerful intrinsic motivators.  If a game can then be designed to tap those motivators, 
players should be more motivated to play it (Seaborn & Fels, 2015).   

Another aspect of user needs assessment involves determining the context in which the 
apps (or software) will be used.  For example, some users may prefer a desktop/console game 
playing experience, especially for activities that may take more time (more than a few minutes).  
Shorter activities, puzzle-like games, may be more suited to short breaks.  If so, a mobile app 
format could increase the convenience factor of playing those puzzle-like games.  Another 
consideration is the extent to which potential users differ from each other.  As noted above (in 
reference to hard-core and casual gamers) different types of users can have different 
preferences which then drive their adoption of technology (Westwood & Griffiths, 2010).  
Below we consider how game design principles can further motivate play. 

Game Design Principles 

Not surprisingly, several game design principles focus on increasing motivation and 
engagement: 

1. Players should have a sense of autonomy and control (Eseryel, Law, Ifenthaler, 
Ge, & Miller, 2014; Ryan, Rigby, & Przybylski, 2006). 

2. Players should be able to progress towards a goal and they should perceive 
that progress (Eseryel et al., 2014; Ryan et al., 2006). 

3. The challenges should be challenging; not too easy or unattainable (Eseryel et 
al., 2014; Ryan et al., 2006). 

4. The UI should not interfere with game play (Ryan et al., 2006). 
5. Multiplayer games should encourage the development of social bonds (Eseryel 

et al., 2014; Ryan et al., 2006; Sherry, Greenberg, Lucas, & Lachlan, 2006). 
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6. Photorealism (good graphics) and a convincing story line are also thought to 
increase immersion/presence and therefore engagement (Sherry et al., 2006; 
Stuart, 2015; Westwood & Griffiths, 2010). Immersion can support the player’s 
escape from the stress of the real world (Sherry et al., 2006). 

7. A desire for achievement is also motivating for some players (Ryan et al., 2006; 
Sherry et al., 2006). 

8. The game should provide for the possibility of competition against other 
players (Sherry et al., 2006). 

9. Different players are motivated by different aspects of games (Westwood & 
Griffiths, 2010). 

Note that these principles focus largely on meeting intrinsic user needs related to 
competence, autonomy, and social connectedness, rather than extrinsic motivators such as 
rewards or badges (Boyle, Connolly, Hainey, & Boyle, 2012; Przybylski, Rigby, & Ryan, 2010; 
Seaborn & Fels, 2015).  However there is heterogeneity in gaming motivations and playing 
behaviour, with some players reporting being motivated by extrinsic factors (e.g. rewards) 
(Westwood & Griffiths, 2010).  

Creating an appropriately challenging game can pose a problem given the players’ varying 
skill levels. Commercial games typically rely on levels of increasing difficulty, with the reasoning 
that a player who can complete a level of a certain difficulty is ready for more difficult game 
play.  Commercial games sometimes also allow players to choose a level of difficulty (e.g. 
beginner).  One would think that a system that automatically adjusts the difficulty level as 
function of the player’s ability would be superior to such blunt mechanisms (Hendrix, Bellamy-
Wood, McKay, Bloom, & Dunwell, 2018).  However, empirical investigation of such adaptive 
difficulty (a.k.a. difficulty balancing) shows mixed results.  While adaptive difficulty does not 
hurt performance, it has been found to increase performance in some cases (Sampayo-Vargas, 
Cope, He, & Byrne, 2013) and in some cases not (Orvis, Horn, & Belanich, 2008).  It appears that 
the effectiveness of adaptive difficulty even interacts with the players’ personality traits (Bauer, 
Brusso, & Orvis, 2012)!  It seems that the optimal approach, from a practical perspective, would 
be to combine adaptive difficulty and difficulty levels, and to allow the player to select his 
preferred success rate.  The latter mechanism allows the player to select a success rate that the 
adaptive difficulty mechanism strives to maintain, as opposed to selecting an initial difficulty 
level.  The reason for such a setting is simply to cover the possibility that different players will 
reach optimum engagement with different success rates.  The reason for incorporating levels is 
to provide an observable milestone for the player to achieve.  A typical pattern in games is the 
completion of a level by defeating a boss, which is a particularly difficult computer-controlled 
opponent (Wikipedia, 2019a).  New levels are often visually different than previous levels, the 
player sometimes being placed in a different environment altogether.  A Mario Bros.™ levelling 
up example can be seen here: https://youtu.be/zq68xvVfwcE?t=98 (keep watching until 2:20).  
In a puzzle-type game, the virtual pieces could change, as could the colour scheme, and the 
graphic design of the game skin. 

https://youtu.be/zq68xvVfwcE?t=98
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Instructional Design Principles 

Instruction 

As noted above, serious games with a training component must follow at least some 
instructional design principles.  Many instructional design models and methods exist and 
prescribe a variety of principles.  Merrill's (2007) review and synthesis of many of these models 
produced four phases of instruction.  Not only does Merrill’s model summarize many 
instructional design models, it is also consistent with cognitive psychology and enjoys empirical 
support.  Merrill’s model consists of these four instructional phases: 

1. Activation; 
2. Demonstration; 
3. Application; 
4. Integration. 

In the first phase, activation, the instructional material should encourage the learner to 
recall related prior knowledge.  This provides an existing context in which to integrate new 
information into knowledge stored in LTM.  The next stage includes the demonstration of the 
new information in the context of a very specific, concrete situation.  The learner is then 
encouraged to apply that knowledge herself to a variety of concrete situations.  Note that 
application is not limited to answering questions about specific aspects of the new information 
but requires using it to work through a problem, from beginning to end.  This supports the 
development of skill.  The learner must then have the opportunity and be encouraged to 
integrate the new knowledge into her daily activities.   

In parallel with the four phases listed above the instruction must also include: 

1. Structure;  
2. Guidance; 
3. Coaching; 
4. Reflection. 

Structure comes into play in the activation stage.  The structures refer to knowledge 
structures (pieces of information and their relationships) recalled from LTM or provided by 
instruction.  Guidance should show the learner how the new information is related to her pre-
existing knowledge structures, and how the new information ties together in the context of a 
demonstration.  Learners should also be guided in integrating their knowledge and skills into 
their daily activities, if possible.  When it is the learner’s turn to apply the new information 
during the application or integration phases, coaching should support the learner’s use of her 
knowledge structures in which the new information is (hopefully now) embedded.  Reflection 
encourages the learners to summarize what they have learned and explicitly tie burgeoning 
knowledge structures to their pre-existing knowledge structures.  Referring to the above 
section on cognitive psychology, we can see that such activities encourage the transfer of 
information into LTM (in other words, learning). 

It is important to note that Merrill’s approach as well as empirical evidence emphasize the 
involvement of real-world problems that have personal relevance to the learner.  
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Unfortunately, real-word problems have also been found to contain too much irrelevant 
information and complexity for learners to be able to focus on the relevant pieces of 
information.  This lack of focus can reduce learning performance (Kirschner, Sweller, & Clark, 
2006).  This apparent contradiction in the evidence can be resolved by considering that the 
important factor in selecting or designing problems is the relationship between the learner’s 
knowledge and skill, and the complexity of the problem.  

Ideally, one would assess a learner’s knowledge and abilities and present that learner 
with a compatible level of complexity to optimize learning.  An advanced learner will have 
acquired enough knowledge and skill to use complex LTM structures to support her processing 
of real-world problems, without exceeding her processing capacity.  In contrast, a novice will 
not have the required structured knowledge in LTM, so his processing capacity and WM will 
soon be overwhelmed by the problem’s complexity, reducing the effectiveness of instruction 
(Van Merriënboer & Sweller, 2005). 

There are two options when trying to adjust the complexity of the instructional material 
to the learner’s ability to process that complexity.  One approach is to limit the problem’s 
complexity by creating or choosing simpler problems (Kirschner et al., 2006).  Another approach 
is to provide scaffolding.  The scaffolding approach acknowledges that problem (or task) 
complexity may be too great for effective learning, given a learner’s limited knowledge and 
abilities.  To overcome this complexity, the learner is provided with sufficient support (hence 
the name scaffolding) to process the information effectively.  Scaffolding is progressively 
removed as the learner’s ability to process additional complexity increases (Lajoie, 2005).  
Scaffolding thus allows the use of real-world problems without overwhelming the learner with 
complexity (Hmelo-Silver, Golan Duncan, & Chinn, 2007; Merrill, 2007).  

The guided instruction (Kirschner et al., 2006) approach emphasizes the need to respect 
the learner’s processing capacity limits.  Consequently, instruction should provide information 
at the right pace, respecting memory and processing capacity limits, focus the learner’s 
attention on the important features of information and their relationships, and encourage the 
learner to organize the information and integrate it with prior knowledge (Mayer, 2008; Van 
Merriënboer & Sweller, 2005).  While this seems highly directive, evidence supports the 
effectiveness of this type of instruction (Kirschner et al., 2006)1.  

                                                      
1 Problem-based learning is often contrasted with a guided instruction approach that encourages a very 
explicit and narrow focus on the information to be learned and skills to be acquired.  The criticism of 
problem-based learning (and other minimal guidance approaches) focusses on the extent to which 
learners receive guidance.  The evidence clearly shows that more guidance is better than less, and that 
adornments distract the learner, decreasing performance (Kirschner et al., 2006).  Given these findings it 
is important to note that Merrill’s problem-based approach has more in common with guided 
instruction than with minimal guidance problem-based learning approaches (Merrill, 2007).  Moreover, 
there are other problem-based approaches that make extensive use of scaffolding to limit the impact of 
problem complexity (Hmelo-Silver et al., 2007). 
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Combining guided instruction and Merrill’s model, instruction of novice learners would 
begin without using real-world problems, focussing instead on context, concepts, procedures, 
and basic skills.  Once learners have mastered the basics, increasingly realistic problems can be 
introduced with appropriate amounts of scaffolding.  Starting simple and employing scaffolding 
techniques reduces complexity to a manageable level, allowing the learners to proceed 
optimally.  

To summarize, the empirically supported instructional design principles we have 
uncovered to this point are: 

1. Early instruction should rely on problems and situations from which extraneous 
information has been removed. 

2. At later stages, real-world problems with personal relevance should be 
introduced. 

3. Scaffolding should be used to reduce complexity to a manageable level. 
4. The learner must receive guidance to focus on the central concepts, organize 

them, and integrate them into LTM knowledge structures. 
5. The learner must receive explicit guidance in applying the new knowledge and 

skills. 

In addition to the general approaches of guided instruction and Merrill’s model, empirical 
research supports the application of a number of concrete and specific instructional design 
features and practices.  Features and practices most relevant to gamification are provided 
below: 

6. Learners must have opportunities to apply their knowledge and practise their 
skills, preferably many times. Each practice instance should be separated by 
days (Cook et al., 2013; Van Merriënboer & Sweller, 2005).  

7. These applications and practice opportunities must involve some variation in 
the problems addressed by the learners (Cook et al., 2013). 

8. Learners must receive feedback on their performance, and preferably, how 
their performance and feedback relate to the instructional material (Borgvall, 
Castor, Nählinder, Oskarsson, & Svensson, 2007; Cook et al., 2013; Hays, 2005). 

9. Users must attain a certain level of mastery before moving on to more complex 
material (Cook et al., 2013). 

10. Important concepts and relationships should be introduced at the beginning of 
the instructional session and then presented again in a more complex context 
(Mayer, 2008).  

11. In designing simulations, researchers emphasize that training needs should be 
determined so that the simulation can respond to those needs (Borgvall et al., 
2007; Stevens, Ortiz, Reinerman-Jones, & Maxwell, 2015). 

The need to manipulate problem complexity (directly or through scaffolding) to suit the 
learner’s level of proficiency highlights the need for accurate assessment. This raises the 
question of how to construct assessment tools.  
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Assessment 

Assessment research indicates that effective assessments should be based on an 
empirically validated theory or model of learning of the material being taught.  This may be 
possible in cases where such a theory already exists but it is completely unrealistic in situations 
where such a theory is not available.  In the absence of a theory, the assessment should be 
based on the general principles of cognitive psychology and the instructional material (National 
Research Council, 2001).  

The design of a specific assessment should begin by specifying the purpose of the 
assessment and identifying the concepts, skills, and specific behaviour to be measured 
(Messick, 1994; National Research Council, 2001).  The assessment should indicate, with 
reasonable validity, the extent to which the learner has acquired the corresponding concepts, 
skills and behaviours.  For example, an assessment of the learner’s ability to change a tire 
would, ideally, involve the learner attempting to change a tire rather than answering a multiple 
choice questionnaire about tire changing (Messick, 1994).  

If the instructional material is designed as described above, it should be possible to 
leverage it to construct assessments that capture the learners’ learning progression from basic 
concepts to more complex situations, and the corresponding improvement in skill (National 
Research Council, 2001).  In a game context, the game itself should then be able to identify 
when a learner has sufficiently mastered the material to proceed to a greater level of 
complexity (Cook et al., 2013). 

Instruction, including e-learning, employs a wide range of assessment tools, such as 
individual and group projects, portfolios, self-assessments, peer evaluations, and weekly 
assignments (Gaytan & McEwen, 2007; Gikandi, Morrow, & Davis, 2011).  Such assessment 
tools, however, are not well suited to a game environment in which students do not engage in 
discussions or complete written assignments.  Assessment tools specific to serious games must 
be used instead.  These are discussed in the following section.  

As general principles of assessment design we can note: 

1. The purpose of the assessment should be specified. 
2. The concepts, skills, behaviours to be assessed should be described. 
3. The assessment should be based on a view of learning that is consistent with 

the principles of cognitive psychology. 
4. The assessments should track the learner’s progression through increasingly 

complex material and skilled practice. 

Principles Specifically for Serious Games 

Serious Game Design 

As mentioned above serious games have a different objective than typical computer 
games and their design process differs accordingly.  There are a number of serious game design 
and gamification frameworks that attempt to capture these differences.  Some of these 
frameworks essentially describe a gamification design process rather than specific design 
principles, though it is sometimes difficult to distinguish the two.  The frameworks typically 
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describe an iterative process that first involves describing the expected behaviour, or learning 
objectives in the case of learning applications, then identifying the player types, and designing 
according to the features of those player types (Mora et al., 2017).  Unfortunately, evidence 
supporting the efficacy of these frameworks is generally weak (Seaborn & Fels, 2015). 

The 40 frameworks reviewed by (Mora et al., 2017) can be grouped by their main 
approach to design: user-centred, game-centred, and technology-centred, but most still 
address aspects of all the three major approaches.  Over half of the frameworks follow a user-
centred approach, as described above.  Many frameworks also reiterate game design principles 
emphasizing enjoyment, motivation, social interaction and so on.  As with instructional design 
principles, the importance of clearly specifying the target behaviour is emphasized.  There are, 
of course, business and software development considerations such as interacting with all 
stakeholders, determining the needed investment, addressing risk and determining feasibility.  
A few frameworks include a consideration of the legal and ethical issues involved in 
gamification.  For example, many countries have regulations concerning the collection of 
private information. Indeed, Canadian government bodies (such as NRC, DRDC and DND) are 
regulated by the Privacy Act (Canada, 2016).  Ethical issues arise from attempting to manipulate 
the player’s behaviours (Kumar & Herger, 2013).  

One common recommendation and practice specific to serious games is to follow the 
gamification loop which involves incorporating challenges, points, and rewards (Liu, 
Alexandrova, & Nakajima, 2011; Mora et al., 2017; Seaborn & Fels, 2015).  Many of these 
gamification loop features correspond to what others have referred to as extrinsic motivators.  
As noted above, challenges seem generally motivating, but rewards appear motivating only to 
some players (Westwood & Griffiths, 2010).  Accordingly, evidence from serious games are 
mixed in regard to the effectiveness of these gamification loop features (Boyle et al., 2016; Liu 
et al., 2011; Seaborn & Fels, 2015) and may even be modulated by player personality (Codish & 
Ravid Ben-Gurion, 2014). 

Game design principles also suggest competition as an effective motivator, but the 
evidence on this front is mixed for serious games (Boyle et al., 2016). 

The evidence supporting the need for guidance and the deleterious effect of extraneous 
information (described in the instructional design principles section) poses a problem for 
gamification.  First, it is difficult to imagine how gamification could provide sufficient guidance 
for learners, particularly in the early stages of learning about a domain.  Second, gamification 
clearly incorporates much extraneous information in the form of game rules, a UI, and game-
related embellishments like points and rewards.  If gamification is to be used, it should only 
form a part of an instructional program with the bulk of the program consisting of guided 
problem-based instruction (Boyle et al., 2016; Cook et al., 2013; Hays, 2005; Kirschner et al., 
2006). Moreover, games should include instructional support relating to the instructional 
material (Hays, 2005).  For instance, feedback about accuracy and filled-out examples are 
helpful when applicable (Connolly et al., 2012).  Feedback and debriefing are also 
recommended to help players understand how the game supports instructional objectives 
(Cook et al., 2013; Hays, 2005).  
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Generally the evidence for the effectiveness of gamification is positive but weak and 
mixed (Lumsden, Edwards, Lawrence, Coyle, & Munafo, 2016) and some of its effects appear to 
depend on many personal characteristics (Codish & Ravid Ben-Gurion, 2014; Connolly et al., 
2012; Seaborn & Fels, 2015). Moreover, much of the research suffers from methodological 
flaws (Connolly et al., 2012; Hays, 2005; Seaborn & Fels, 2015), though the quality of research 
has been improving in the last decade (Boyle et al., 2016).  The weakness of the evidence 
should not be surprising given the substantial variations in the implementations of serious 
games.  Indeed, there are well over 40 serious game design frameworks and many serious 
games are not even designed within any framework (Mora et al., 2017; Seaborn & Fels, 2015).  
Given this variety, it is therefore quite possible that some serious games meet their 
instructional or training goals while others do not.  The difference between successful games 
and unsuccessful ones could simply be a matter of design and development.  In this context the 
best advice is to adopt an iterative design approach and to test, test, test.  

A summary of design principles specific to serious games: 

1. The serious game should be embedded in a larger instructional context. 
2. Serious games should include instructional support (including feedback) where 

possible. 
3. Player personality can have a modulating effect on the effectiveness of many 

game features. 

Assessment 

To be able to assess the knowledge, skill and behaviour the designers wish to impart, the 
game must include tasks and situations that elicit that knowledge and behaviour from the 
player (Shute et al., 2009).  This requires designers to identify what it is they want the player to 
learn, to design situations that are likely to elicit such knowledge or behaviour and re-create 
them in the game, to understand how that knowledge is acquired so that a reasonably valid 
assessment can be developed, and then to integrate that assessment into the game (Chung, 
2015).  See figure 5. 
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Figure 5: Gamification Design Process. 

Figure 5 shows the relationship between what is to be learned and the instructional 
material and assessments.  Of critical importance to gamification is that the in-game 
assessments are related to what the learner should learn via a theory of how that learning 
proceeds (Chung, 2015; National Research Council, 2001).  

Typical game performance metrics (e.g. score) may or may not be related to the learning 
objectives and consequently, may not have to be recorded.  It is much more important to 
devise assessments that reflect learning progression than simply to assume that gameplay 
metrics will be sufficient to assess learning (Chung, 2015). 

Ifenthaler, Eseryel and Ge (2012) distinguish between serious-game related assessments 
that are in-game (internal to the game) and external.  In-game assessments take place as the 
player is playing the game.  Game score is a good example of an in-game assessment, as long as 
the score is related to a skill that the player should acquire (Shute et al., 2009). For example, in 
the CancerSpace serious game, the player’s goal is to increase cancer screening rates by 
applying best practices.  The player is presented with real-world situations and must make 
decisions on how to proceed.  The player’s score and the in-game consequences are a function 
of the extent to which the player applies best practices (Magro, Swarz, & Ousley, 2010; Swarz et 
al., 2010).  Some in-game assessments occur after the player has finished playing (for example, 
a breakdown of scores for various types of challenges as in Zielke et al. (2009)).  Other in-game 
assessments do not interrupt game play.  Ifenthaler, Eseryel and Ge (2012) refer to these in-
game assessments as embedded assessments.  Embedded assessments should be composed of 
very fine-grained, very specific event data that include: 

• Event;  
• Time stamp; 
• Game state. 
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A user will engage in some type of interaction with the game, this is a type of event to be 
recorded.  Another type of event would be the displaying of an instruction, which would 
probably have been triggered by an earlier user action. The time stamp records the time at 
which the event occurred.  The game state is the set of the states of all of the software objects 
in the game.  This provides the context in which to interpret the user action.  The context 
should be detailed enough that it provides an unambiguous explanation (in concert with the 
learning theory) for the player’s action.  Coarser game-system information is also useful.  
Information such as the game level the player reached, and other similar data, can provide 
information about the player’s progress (Chung, 2015).  Such information is more aligned with 
the concept of a summative assessment, while finer-grained event data is more closely related 
to formative assessments. 

Note that event data is very fine-grained and does not necessarily directly relate to 
learning or learning objectives.  Assessments related to such objectives must be created from 
event data (Chung, 2015).  For example, a user action may constitute an error in a problem-
solving situation.  This type of error may be indicative of a certain stage of the learning process.  
This may then suggest a certain type of scaffold would help the learning progress.  The game 
then delivers that scaffold. Here is an example of a very basic scaffold from Zelda™: 
https://youtu.be/u18YGl9Xh4I?t=203.  It provides a suggestion for improving Link’s fighting.  
The event itself is simply the trigger in the chain of reasoning that ends with a support for the 
learner.  Note also that this reasoning must be based on an understanding of the learning 
process.  It must also be embedded in the game so that the game software itself can determine 
the optimum scaffolding for that context.  As a practical matter, the computation of the 
assessments themselves from the event data should be separate from the game software.  
Thus, when the pedagogues’ understanding of the learning process improves, the assessments 
can be refined without having to also change the game software. 

In-game assessments are necessary to implement scaffolding, provide relevant and 
effective feedback, and adjust difficulty to maintain the game’s challenge.  In-game 
assessments can act as what educators refer to as formative assessments.  Formative 
assessments are designed to gauge the learner’s need for support (scaffolding).  However, in-
game assessments can also serve as summative assessments, which are designed to assess the 
learner’s mastery (Gikandi et al., 2011).  In a game context, it is the summative assessment that 
will determine whether the player is ready for greater challenges. 

While it is possible to use formative assessment feedback to highlight errors and provide 
suggestions for improvement (Shute et al., 2009), a more advanced exploitation of game 
capabilities would have the results of the in-game assessment place the player into game 
situations that lead the player to recognize his errors and correct them (Ifenthaler et al., 2012).  
In contrast to the typical critiquing feedback, such in-game feedback does not interrupt game 
play. 

External assessments are not part of the game-based environment.  They occur following 
game play and could consist of after action reviews, quizzes, essays, etc. (Ifenthaler et al., 
2012).  Many of the assessment tools used in e-learning are of this external type and require an 

https://youtu.be/u18YGl9Xh4I?t=203
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instructor to provide a grade (Bellotti, Kapralos, Lee, Moreno-Ger, & Berta, 2013; Gaytan & 
McEwen, 2007; Gikandi et al., 2011). 

It can be useful to also collect data to create a player profile.  Data such as demographics, 
background, gameplay experience, and prior knowledge can provide a useful context in which 
to interpret in-game assessments (Chung, 2015). 

Players, instructors or trainers and administrators will all be interested in reviewing 
assessment data.  Players will be interested in receiving feedback on their performance, goal 
attainment and progression, and mastery.  Trainers and instructors will want to view aggregate 
data over all learners. They will want to ensure learners are on task and progressing.  They will 
want to identify laggards and common sources of difficulty.  Administrators will want to 
compare the effectiveness of game-based learning and more traditional forms of instruction to 
calculate cost/benefit ratios (Loh, 2012).  

These different needs have implications for the game’s data collection architecture.  In 
some cases, formative feedback will have to be provided fairly quickly in response to player 
actions.  If a game is implemented as a smartphone mobile app, such feedback and its 
triggering assessment will have to be computed locally since sufficient network speed cannot 
be taken for granted.  Cross-player aggregate data, of interest to trainers and administrators, 
will require that some data be sent from the player’s device through a network to a server, 
where it will be aggregated.  A GUI will also be required specifically for trainers to monitor and 
inspect aggregate and individual performance data. Note that this is yet another example of 
user needs driving technical requirements. 

A summary of design principles related to assessments in serious games: 

1. Serious game assessment design must respect general assessment design 
principles. 

2. Assessments must be related to the learning objectives via a theory of learning. 
3. In-game assessments should be used. 

a. Embedded in-game assessments should be constructed from fine-
grained game events. 

b. In-game assessments should occur post-play as well as embedded in the 
game during play. 

4. Both formative and summative assessments should be used. 
5. Assessment results should influence the course of the game. 
6. All stakeholders (not just players) must be considered. 
7. Learners should have a profile. 

Persuasive Technologies 

The Road to Mental Readiness (R2MR) training program from the Canadian Armed Forces 
(CAF) aims at increasing the CAF member's capabilities in the management of stress, improving 
short-term performance and long-term mental health outcomes, as well as at reducing barriers 
and encouraging early access to care (Granek et al., 2016).  The focus of the program, 
improvement and self-management of mental health and performance, makes it suitable to 
potentially design supportive software applications and serious games on principles derived 
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from persuasive technologies.  Interactive information technology designed for changing users’ 
attitudes or behaviour is known as persuasive technology (Fogg, 2003).  One of the major areas 
for its applications is healthcare via promoting healthier lifestyles, including bad habit cessation, 
promotion of physical activity, interventions for mental health, and healthy eating (Chow, 
Susilo, Phillips, Baek, & Vlahu-Gjorgievska, 2017).   

Oinas-Kukkonen and Harjumaa (2009) identify three steps to the development of 
persuasive systems: 1) understanding persuasive issues/postulates, 2) analyzing the context, 
and 3) designing the system qualities (Oinas-Kukkonen & Harjumaa, 2009).  They also identify 
seven postulates which are the basis of persuasive systems: 1) information technology is never 
neutral, 2) people like their views about the world to be organized and consistent, 3)  direct and 
indirect routes are key persuasion strategies but depend on user backgrounds and preferences, 
4) persuasion is often incremental, 5) persuasion through persuasive systems should always be 
open with clear and truthful objectives, 6) persuasive systems should aim at unobtrusiveness, 
and 7) persuasive systems should aim to be both useful and easy to use.  

An analysis of the persuasive context should clearly identify the type of the intended 
change (behaviour change, behaviour reinforcement, and/or attitude change), the user goals 
and intentions, as well as the affordances that a system offers a user.  Given that a persuasion 
situation can be defined as an event where an optimal compromise among conflicting forces 
needs to be made, the analysis of the context needs to determine the main strategies to convey 
and support a persuasive message.  

Finally, by taking into account the persuasive context, system qualities can be specified 
along four dimensions: primary task, dialogue, system credibility, and social support.  For each 
of those dimensions, a series of design principles are defined (Oinas-Kukkonen & Harjumaa, 
2009).  The following list contains those principles sorted by their dimensions:  

• Primary tasks 
o Reduction: A system that reduces complex behaviour into simple tasks helps 

users perform the target behaviour, and it may increase the benefit/cost ratio of 
a behaviour. 

o Tunnelling: Using the system to guide users through a process or experience 
provides opportunities to persuade along the way.  

o Tailoring: Information provided by the system will be more persuasive if it is 
tailored to the potential needs, interests, personality, usage context, or other 
factors relevant to a user group.  

o Personalization: A system that offers personalized content or services has a 
greater capability for persuasion.  

o Self-monitoring: A system that keeps track of one’s own performance or status 
supports the user in achieving goals.  

o Simulation: Systems that provide simulations can persuade by enabling users to 
observe immediately the link between cause and effect.  

o Rehearsal: A system providing means with which to rehearse a behaviour can 
enable people to change their attitudes or behaviour in the real world.  
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• Dialogue support 
o Praise: By offering praise, a system can make users more open to persuasion.  
o Rewards: Systems that reward target behaviours may have great persuasive 

powers. 
o Reminders: If a system reminds users of their target behaviour, the users will 

more likely achieve their goals.  
o Suggestion: Systems offering fitting suggestions will have greater persuasive 

powers. 
o Similarity: People are more readily persuaded through systems that remind 

them of themselves in meaningful ways. 
o Liking: A system that is visually attractive for its users is likely to be more 

persuasive. 
o Social role: If a system adopts a social role, users will more likely use it for 

persuasive purposes. 
• Credibility support 

o Trustworthiness: A system that is viewed as trustworthy will have increased 
powers of persuasion.  

o Expertise: A system that is viewed as incorporating expertise will have increased 
powers of persuasion.  

o Surface credibility: People make initial assessments of the system credibility 
based on a firsthand inspection.  

o Real-world feel: A system that highlights people or organization behind its 
content or services will have more credibility.  

o Authority: A system that leverages roles of authority will have enhanced powers 
of persuasion.  

o Third-party endorsements: Third-party endorsements, especially from well-
known and respected sources, boost perceptions on system credibility.  

o Verifiability: Credibility perceptions will be enhanced if a system makes it easy to 
verify the accuracy of site content via outside sources.  

• Social support 
o Social learning: A person will be more motivated to perform a target behaviour if 

(s)he can use a system to observe others performing the behaviour.  
o Social comparison: System users will have a greater motivation to perform the 

target behaviour if they can compare their performance with the performance of 
others.  

o Normative influence: A system can leverage normative influence or peer 
pressure to increase the likelihood that a person will adopt a target behaviour.  

o Social facilitation: System users are more likely to perform target behaviour if 
they discern via the system that others are performing the behaviour along with 
them.  

o Cooperation: A system can motivate users to adopt a target attitude or 
behaviour by leveraging human beings’ natural drive to co-operate.  

o Competition: A system can motivate users to adopt a target attitude or 
behaviour by leveraging human beings’ natural drive to compete.  
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o Recognition: By offering public recognition for an individual or group, a system 
can increase the likelihood that a person/group will adopt a target behaviour.  

Another perspective on the important characteristics of messages to foster motivation for 
engaging in behaviour change is the model of op den Akker et al. (2015) which present a 
practical framework for message generation with reference to four high-level aspects of 
motivating messages: timing, intention, content, and representation (op den Akker, Cabrita, op 
den Akker, Jones, & Hermens, 2015).  Asimakopoulos et al. also offer a shorter list of persuasive 
technologies design guidelines (Asimakopoulos, Asimakopoulos, & Spillers, 2017) listed below:  

• Personalization: have a default setting but allow users to decide what is needed. 
• Navigation: provide a clear starting point but also show other ways of personalizing 

functions. 
• Positive feedback: promote motivation through new goals. 
• Multi-activity motivation analysis: support the ability for users to analyze their own 

data to explore relationships. 
• Context integration: capture holistic context via reflections on the users’ real world 

state.  
• Provide intelligence for more targeted behavioural change: tie interpreted data 

trends to goals. 
• Playful experience: sustain user motivation through game elements and small 

rewards. 

The following paragraph presents some possible ways of how game characteristics could 
relate to the persuasive technology principles listed above.  The persuasive technology 
principles or dimensions are inserted in bold in the example.   

From a gamification perspective, the principles from the primary tasks dimension could 
be implemented by having a game divided in levels, from simple non-complex challenges to 
more complex ones.  If the sequence of levels fosters motivation and engagement through 
regular level challenge achievements, the user will progress without being faced with too much 
complexity, which reduces the complexity given a user skill level (Reduction).  However, this 
persuasive technologies principle is somewhat in conflict with the objective of making a game 
challenging, which points to the need to determine the optimal level of difficulty across game 
levels.  If, in addition, the progression through the levels is well structured and does not provide 
much branching, it will be easier to persuade a user to continue playing (Tunnelling).  A serious 
game intending to engage users in behaviour changes would be more efficient if the game is 
adapted to personal characteristics (Personalization).  Most games have some form of scoring 
scheme (Praise or Rewards) which allows a user to track their progress, but ideally the 
assessment should be against either a self-defined objective, or the performance of others 
(Self-monitoring).  Game leader boards can also allow a wide range of principles listed under 
the social support dimension.  Some games also require the user to interact with simulations 
like Sim-City™; a game promoting behaviour change could, for example, have simulated game 
characters implementing changes in their behaviour and the consequences could be observed 
(Simulation). Similarly, a user in a simulation could execute behaviours as a game character to 
observe the effects and potentially change their attitude towards that behaviour (Rehearsal).  A 
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game could have a special game character called an adviser (Social role), who would have 
similar characteristics (Similarity) as the user (such as age, sex, etc.), and would provide 
reminders and suggestions on how to address game challenges.  The appearance of the game is 
also important (Liking) to promote behaviour changes.  If the game is clearly identified as a 
DND application, it would certainly contribute to the credibility dimension. If DND is concerned 
about its credibility as a gaming organization, it might be important to select a contractor with a 
strong reputation in game development, and clearly identify the game developer on the final 
product.  

Sensors/Effectors Deployment for Stress Resilience 

In their article on resilience health training, Vakili and colleagues (Vakili, Brinkman, 
Morina, & Neerincx, 2014) present lessons learned and key clinical requirements for general 
stress resilience.  They note that general stress resilience is a more practical metric than post-
traumatic syndrome disorder prevention.  They examined previous studies, and conducted 
interviews with twenty-four experts in order to collect insights for intervention design.  Their 
strategy for intervention involves stress inoculation training (SIT), Cognitive Behaviour therapy, 
and arousal control.  This is a very abstract strategy to develop a comprehensive intervention 
program to increase resilience.  The strategy is too abstract to directly lead to game features.  
One would have to use this strategy to set a context in which the various design principles 
described above as well as appropriate software engineering practices are applied to develop a 
resilience game consistent with this strategy. 

Development guidelines include the following: be aware of factors that can limit the 
project including culture, or the social aspect of those involved in development; effectiveness of 
the system in reaching goals; the engineering aspect of the project, including the design, 
implementation and development process; and resources, which include time, money, 
information and expertise (Vakili et al., 2014).  Stakeholder buy-in and the involvement of the 
user group through the employment of user-centred design processes is also an important 
guideline for projects, which can also be constrained by culture, effectiveness, engineering and 
resources.  Care must also be taken to ensure that training does not negatively impact the 
operational utility of the trainee – this can be done through ensuring effectiveness and good 
engineering practices.  

Researchers must also pay attention and prepare for the “scientific challenges of using 
stress and emotion measures” which can be achieved with close consideration to both good 
effectiveness and engineering principles. These general principles of change, personalization, 
durability, transferability, measurability, relevance, cost efficiency, safety, engagement and 
motivation and a holistic approach are listed below.  Estimating emotional state is complex and 
challenging; considerations include: “what signal to use – filtering signals-feature generation – 
feature reduction – later select valence and arousal – discrete emotion selection – train neural 
networks.” 

Researchers also need to “capitalize on the positive regard for high-tech approaches” 
while paying attention to cultural constraints. Finally, the researchers and developers need to 
recognize the stigma related to emotional and psychological topics within military culture 
(Vakili et al., 2014). 
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During subject matter expert interviews, Vakili and colleagues also collected the following 
training requirements for mental resilience training (Vakili et al., 2014).  They noted that 
developers need to keep in mind limiting factors (e.g. scientific challenges related to the 
measurement of stress and emotion) which might arise in the project, while being able to 
ensure stakeholder buy-in such as stigma within military culture.  They summarized that 
training and training effects should allow for: 

• Change (cognitive, affective or behavioural) that enhances resilience.  It is important to 
note that measuring stress and emotion can be a scientific challenge.  

• Personalization to individual needs and differences. Experts confirmed that with 
personalization, cognitive training is more effective, and that factors like preferred 
coping styles need to be tested before assigning the appropriate coping mechanisms 
within the system. 

• Durability, while keeping operational priority.  

• Transferability to operational domain without interfering with operational performance. 

• Measurability. 

• Relevance to its cultural context, and the need to be able to capitalize on the push from 
users toward high-tech options.  

• Cost efficiency. 

• Safety in the operational domain.  

• Engagement and motivation. 

• A holistic approach that addresses the entire life cycle of the soldier. 

The cultural aspect of most concern was the stigma of talking about emotions.  Social 
support was emphasized by experiments as needed to normalize training and help resilience.  
Also soldiers liked to have clearly defined goals, so training that provides set structured usage 
and performance goals should be prioritized as well as delivering programs in the soldier’s 
native language to evoke emotion (Vakili et al., 2014). 

Sensors are being used in serious game applications for mental resilience training in the 
military.  For example, the Spanish Ministry for defence has a future combatant program known 
as ATREC or Real-Time Analysis of the Stress of the Combatant.  A 2013 article details the 
sensorized garments and instrumentation developed for the project (Seoane et al., 2013), while 
a 2014 article discusses biometrics and first-phase project results.  Initial findings suggest that 
“cardiac and respiration activity offer better biomarkers for assessment of stress than speech, 
galvanic skin response (GSR) or skin temperature when recorded with wearable measurement 
systems” (Seoane et al., 2014).  Speech was recorded and analyzed but the absence of voice in 
most recordings created high error rates.  In their study, speech proved to be a difficult way in 
which to measure stress responses.  

Both papers include a discussion of sensorized garments.  During the first phase of the 
project, they built a physiological measurement for galvanic skin response (GSR) and skin 
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temperature (sensorized glove or arm straps) and another device for “cardiogenic bio potential 
and impedance thoracic measurements” (chest strap) – both devices were battery operated 
and outfitted with an internal 4 GB SD memory card (Seoane et al., 2014).  Both of the studies 
focused primarily on sensors and which one yielded the best results regardless of the 
gamification aspects.  

A computer-based application was used to induce stress in a controlled way through 
different videos segments for a 10-minute duration.  Mental stress was generated by asking 
users to solve mathematical equations as well as play a Tetris-based game.  Physical stress was 
also tested with a simple high-physical stress level inducer (walking up and down 3 flights of 
stairs for 5 minutes).  The self-assessment survey and the profile of mood states were 
administered after each video in the emotion stress stages, and short surveys were also 
administered after every stage of the experiment (Seoane et al., 2014).   

The ATREC article found that biosignals with best mental state classifications – biometrics 
which correlate with emotional state – are electrocardiogram (ECG), heart rate and respiration 
rate, since it is easier to obtain such measurements.  Detecting stress from heart and 
respiration rate yielded lower error rates.  Lessons learned included the fact that the study 
could have utilized fewer measurement devices/sensors during testing, as studies were not 
concurrent.  Also the use of SD card rather than Bluetooth added time and doubt about the 
measurements being recorded. Direct upload could have alleviated these fears as the 
measurements could be checked during the study and not just afterwards (Seoane et al., 2014).   

In a follow-up article on the Spanish Ministry for defence future combatant program 
ATREC (Real-Time Analysis of the Stress of the Combatant), authors outline a new hardware 
system whereby electrodes attached to a vest measure both ECG and total error band (TEB) 
signals which are then recorded by an ECGZ2 microcontroller which sends data to a smartphone 
in real time.  Researchers found that ECG and TEB measurements are highly useful for high level 
detection or “sudden increases in mental overload, emotional response or physical activity” 
with a 5% classification error for emotional state experiments, 21% classification error for 
activity determination and 32% classification error for mental overload.  According to Mohino-
Herranz et al.: “The current wearable biomedical measurements and smartphone technologies 
allow realistic implementation of personalized monitoring systems for the detection of stress, 
mental overload and emotional status in real time.  The combination of these currently existing 
technologies could potentially enable solutions for monitoring of signs of stress related to the 
development of stress-related diseases at work or prompt detection of acute increases in stress 
levels in specifically dangerous job scenarios” (Mohino-Herranz, Gil-Pita, Ferreira, Rosa-Zurera, 
& Seoane, 2015).  

In a study involving Canadian soldiers, Bouchard and colleagues assessed video and 
auditory biofeedback on a stress management (tactile breathing) tridimensional video game 
where an ambush simulation was presented in conjunction with a first aid task.  Heart rate was 
measured and the study found that stress management training effectively reduced the study 
participants’ stress levels.  They also found that it had a “clear positive impact on perceived self-
efficacy to control stress” – self-efficacy being a strong prediction of behaviours change – “this 



 National Research 
Council Canada 

Conseil national 
de recherches Canada SGW-R2MR 

 

Final report - 2019.03.29 Page 42 of 67 

result suggests that soldiers who received the program are more likely to apply tactical 
breathing in the future.” (Bouchard, Bernier, Boivin, Morin, & Robillard, 2012). 

Issues uncovered by the researchers included: lack of immersion in current mental 
resilience packages for military personnel as well as “low motivation, or poor buy in” factor, 
toward emotional regulation.  Practicing these techniques may be considered by soldiers as 
“too feminine for a real man” or a “sign of weakness”.  Their solution is that “soldiers should 
also be interested by the available learning strategy despite the strong masculine standards 
found in the military culture.  The Immersion and Practice of Arousal Control Training program 
(ImPACT) involving members of the Canadian armed forces provides immersions in a stressful 
game coupled with biofeedback, is attractive to soldiers, and induces enough stress to replace 
stress management training (SMT) and enough feedback to allow soldiers mastering the 
technique and increasing their perceived self-efficacy” (Bouchard et al., 2012). 

They noted that future research could look at the impact of such an immersive program in 
other stressful situations (i.e. under enemy fire, dealing with hostile reactions from civilians, 
etc.).  Also they could add more sessions or use a live simulated stressor to introduce additional 
stress during the immersion (Bouchard et al., 2012).  The findings of these researchers clearly 
relate to the design principles mentioned earlier whereby motivation, the user experience and 
interest in new technology can be utilized to negate the issues of stigma and cultural barriers 
plaguing the use of mental readiness training tools.   

In Wollmann et al’s 2016 article the researchers report on the findings from a study on a 
game that uses paced breathing training as the controls.  In the game the participants preferred 
a flight simulation game whereby the plane is controlled by their breathing; bobbing up when 
they inhale, down on the exhale, and achieves greater stability when the participant is 
breathing at a steady rate.  They found that the participants were motivated and engaged, with 
the highest training performance outcomes coming from pure visualization.  The most 
challenging game, involving multitasking, resulted in more interest in long-term engagement.  
They also noted that the users could set “flight challenges”, or extra goals, with increased 
difficultly.  When the extra goals are met the users are rewarded with higher scores, a concept, 
which the authors note, that “has the potential to motivate the user over the long term, 
because [the] player can adapt the game so that it remains exciting.” (Wollmann et al., 2016). 

Other studies involving sensors for stress reduction, but not necessarily for military 
applications, are listed in Appendix 2: Biofeedback sensors in stress reduction games.  

Overall, lessons learned from incorporating biometric readings into studies of stress 
reduction include the importance of the users’ comfort when wearing measurement devices, 
such as headsets.  Several articles found the best measures of biometrics were ECG and TEB 
devices.  Cardiac and respiratory rates were the most accurate means of assessing mental and 
emotional overload as well as changes in physical activity.  Other studies added additional 
measures including GSR sensors and eye tracking to capture breathing.  Overall the 
combination of biometrics captured through sensors, connected to smartphones provided the 
best solution for real-time feedback for mental resilience and stress reduction.  
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R2MR Gamification Use Case 
R2MR Serious Game/Gamification Constraints 

The original Road to Mental Readiness (R2MR) phone application was designed based on 
the cognitive-behavioural theory which assumes that: 1) cognitive processes and content are 
accessible and can be known, 2) our thinking mediates the way we respond to environmental 
cues, and 3) cognitions can be intentionally targeted, modified, and changed (González-Prendes 
& Resko, 2012).  As a result, the R2MR application focuses on enhancing mental resilience and 
mental toughness by making thought processes more conscious and by monitoring 
physiological arousal levels and decreasing them when they exceed healthy levels (Granek et 
al., 2016).  Mobile applications for mental health in military populations increase acceptability 
in the population for using apps for support, and as a supplement to traditional mental health 
care (Tam-Seto, Wood, Linden, & Stuart, 2018).  

The assumption regarding a future gamified version of the R2MR application is that it will 
follow the same objectives to support CAF members to: 1) manage their stress responses, 
2) improve short-term performance by managing physiological arousal levels, 3) improve long-
term mental health outcomes, and reduce barriers and encourage early access to care, 4) teach 
recruits stress management skills they can use to minimize psychological distress, 5) improve 
recruits' understanding of basic mental health literacy concepts, and 6) change recruits' 
attitudes and intentions toward seeking help from a mental health professional (Granek et al., 
2016).   

The Mechanics-Dynamics-Aesthetics (MDA) Framework 

In order to explore gamification principles for the R2MR application, a conceptual model 
for gamification is essential.  A systematic review of gamification design frameworks identified 
forty frameworks having little homogeneity, although about half of them used user-centred 
design principles (Mora et al., 2017).  Proposed frameworks for game design include the 6D 
framework, most referenced for gamification in business, the Mechanics, Dynamics and 
Aesthetics Framework (MDA), the Design, Play Experience Framework (DPE), and the Evidence 
Centred Design (ECD) framework (Argasiński & Węgrzyn, 2018).  All of these design frameworks 
are top-down and analytical, but alternatives to gamification frameworks are also possible. 
These alternatives use a bottom-up approach proposing the use of machine learning and/or 
data mining algorithms to improve the planning of gamification based on real user data (Meder, 
Plumbaum, & Albayrak, 2017).  

The current analysis uses the Mechanics-Dynamics-Aesthetics (MDA) framework 
(Hunicke, LeBlanc, & Zubek, 2004) because of its frequent application by game designers, its 
simplicity, and because it has been used in the design of a heart rate/biofeedback game 
(Kusuma, Wigati, Utomo, & Putera Suryapranata, 2018; Mora et al., 2017; Wollmann et al., 
2016).  Within the framework, mechanics refers to the game components at the level of data 
representation, rules, and algorithms; the dynamics refers to the runtime implementation and 
behaviour of the mechanics as a function of a player’s input and game output; and finally, 
aesthetics refers to the desired emotional response evoked in the player when interacting with 
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the game.  The framework analyzes games as designed artifacts, systems that build behaviour 
via interaction (Hunicke et al., 2004).   

The MDA framework also identifies eight types of aesthetics that can be combined to 
create the game experience: 1) sensation (sense of pleasure as the result of trying something 
new), 2) fantasy (immersion into virtual worlds), 3) narrative (storylines that catch the player’s 
interest), 4) challenge (being challenged to finish certain tasks against enemies and/or 
obstacles), 5) fellowship (engaged in social networking), 6) discovery (finding out new things 
through exploration or trying new strategy), 7) expression (ability to express players’ choices in 
game), and 8) submission (devotion to the game) (Hunicke et al., 2004; Kusuma et al., 2018).  

A review of thirty-three papers from 2009 to 2018 on gamification models extracted a set 
of mechanics, dynamics, and aesthetics used in various education games (Kusuma et al., 2018).  
The main mechanics included: 1) player progression (points, achievements, leaderboard, 
levels), 2) tasks (missions, quests, puzzles), 3) game content (role playing, simulation), and 
4) additional features (feedback, GPS location, virtual or augmented reality).  The mechanics 
can be combined and are not mutually exclusive.  The dynamics resulting from the use of 
mechanics generate a variety of game interactions.  The review identifies a set of dynamics 
such as receiving badges to boost motivation (the most used dynamics identified in the study), 
non-linear progression (ability to jump levels to explore a game), choosing to play a character in 
a game, in-game exploration or real-world exploration using GPS data, limited time to execute a 
mission, hints for problem solutions, etc.  The review (Kusuma et al., 2018) also identifies the 
most frequent MDA aesthetics. These aesthetics were, from most to least frequent with 
percent of papers in parentheses: sensation (100%), challenge (100%), fellowship (60%), 
discovery (60%), fantasy (45%), narrative (39%), expression (33%), and submission (9%).  

Player Types and Game Design Elements 

As outlined in the previous sections, a user centered design approach is key for the 
success of deploying an application for users.  Understanding the users is key, but mapping user 
personality onto design elements is difficult (Tondello & Premsukh, 2018), and requires a 
foundation in the form of a trait theory of playing preference (Bateman, Lowenhaupt, & Nacke, 
2011).  A number of research efforts have been done to establish a psychological foundation of 
playing preferences (Hamari, Koivisto, & Sarsa, 2014). A well-known classification of players is 
Bartle’s classification for Multi-User Dungeons game into achievers, explorers, socialisers, or 
killers (Bartle, 2005), but other classifications not based on specific game types have been 
proposed (Tondello & Premsukh, 2018).  Table 3 provides a possible mapping for user type and 
game design elements (Marczewski, 2015; Tondello & Premsukh, 2018).  

Table 3. Relations between player types and design elements (Marczewski, 2015) 

Player types Suggested game design elements 

Philanthropists are motivated by purpose. 
They are altruistic and willing to give without 
expecting a reward.  

Collection and trading, gifting, knowledge 
sharing, and administrative role.  

Socialisers are motivated by relatedness. Guilds or teams, social networks, social 
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Table 3. Relations between player types and design elements (Marczewski, 2015) 

Player types Suggested game design elements 
They want to interact with others and create 
social connections.  

comparison, social competition, and social 
discovery. 

Free Spirits are motivated by autonomy, 
meaning freedom to express themselves and 
act without external control. They like to 
create and explore within a system. 

Exploratory tasks, nonlinear gameplay, Easter 
eggs, unlockable content, creativity tools, 
and customization.  

Achievers are motivated by competence. 
They seek to progress within a system by 
completing tasks, or prove themselves by 
tackling difficult challenges.  

Challenges, certificates, learning new skills, 
quests, levels or progression, and epic 
challenges (or “boss battles”). 

Players are motivated by extrinsic rewards. 
They will do whatever to earn a reward 
within a system, independently of the type of 
the activity. 

Points, rewards or prizes, leaderboards, 
badges or achievements, virtual economy, 
and lotteries or games of chance.  

Disruptors are motivated by the triggering of 
change. They tend to disrupt the system 
either directly or through others to force 
negative or positive changes. They like to test 
the system’s boundaries and try to push 
further.  

Innovation platforms, voting mechanisms, 
development tools, anonymity, anarchic 
gameplay. 

The R2MR Phone Application Baseline 

An initial analysis of the R2MR application indicates that some small games are used by 
the application for the development of mental skills, but that there is no overall game structure 
to the application, or game narrative integrating the various modules.  The R2MR phone 
application allows users to explore on their own independent modules associated to distinct 
mental skills.  Even though the application was not designed as a game, it is possible to apply 
the MDA framework to each module, and to the application as a whole.  The following 
paragraphs review the R2MR mobile application modules.  

The goal-setting module provides support for the creation and self-monitoring of life 
goals such as careers/education, relationship/family, social life, physical well-being, and mental 
well-being.  This module is very similar to the self-talk module where a user is asked to 
challenge negative thoughts, bookmark accomplishments, and create positive statements.  The 
mechanics and dynamics of these modules require the user to enter statements and monitor 
their progress/achievement on a self-assessment progression model very similar to the mobile 
application Strides (Conquer Apathy LLC, 2019).  Self-monitoring activities of these types are 
likely to promote aesthetics elements such as challenges, discovery, and expression.  
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The mental rehearsal and visualization module offers guidance to the user for defining 
visualization scenarios involving environment settings, and its related sense elements such as 
viewing, hearing, tasting, smelling, and touching, as well as other aspects of the visualization 
such as general feelings, body movements, and positive thoughts.  This module does not seem 
to use any game mechanics.  However, there is definitely the presence of aesthetics elements 
such as sensation, and expression.  

The tactical breathing module provides a guided breathing exercise coupled with a 
subjective stress level assessment, and monitoring or heart rate data, either in real time (with 
an HR sensor connected to the phone), or post exercise using techniques to estimate heart 
beats per minute.  By recording the data related to each completed exercise, and with the 
understanding that obtaining a lower heart rate correlates to a reduced stress level, the module 
provides support for a progression mechanism.  Similar to other implementations of 
progression mechanisms by the R2MR modules, the value of the progression is based on self-
assessment.  Aesthetics elements associated to this module include sensation, challenges, and 
discovery.  

The other modules of the R2MR application aim at improving attentional control and 
memory using small games.  These games use task mechanics where a user performs different 
actions to obtain scores.  The scores are recorded, and the value of the progression is again 
based on self-assessment, however this time with objective performance data.  The aesthetic 
element associated to this module is essentially the challenge, typical to solving puzzles, and 
skill games.   

General Suggestions for a Gamified R2MR Application 

The following paragraphs present some possible ways to gamify the R2MR mobile 
application modules which were briefly defined in the previous section.  The gamification 
suggestions take into account and reference some of the design principles reviewed in the 
previous sections.  The suggestions are sorted in terms of the MDA framework.  The 
suggestions could be enhanced by knowing more about CAF player types as in Table 3.  

• Mechanics refers to the game components at the level of data representation, rules, 
and algorithms. 

o Player progression 

 Player progression is an essential element of every game.  It can be 
implemented using various elements such as points (a token granted for 
measuring users’ actions), reputation (a hierarchy of a game community, 
through titles or leaderboards), achievements (fixed goals or objectives 
that measure degrees of success of users’ actions), progress (feedback 
that allows the users to assess their own progress), level (hierarchy layers 
related to the game domain, that also can be used as gradual systems), or 
trophies (recognition for the user's actions) (Toda, do Carmo, da Silva, 
Bittencourt, & Isotani, 2018).  
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 Given the nature of the game content (goal-setting, self-talk, 
visualization, tactical breathing, attention control and memory), it might 
be difficult to design a progression using levels, unless it is possible to 
divide the continuum of each skill into measurable thresholds.  Another 
option would be to use both self-determined objectives (explicitly 
entered in the game by the player), or social network generated 
objectives with leader boards and group challenges.  Points could also be 
attributed to reflect the exploration of every element of the game 
content.   

o Tasks 

 A gamified R2MR application could essentially have two types of tasks: 
1) a general task/mission that would be related to the overall game 
narrative, and 2) a set of specific tasks/puzzles, identical or similar to 
those already implemented in the R2MR mobile application. The latter 
set could be used as challenges to overcome in order to enter specific 
areas of the game such as thematic rooms, or meet game characters.   

o Game content 

 In conformity with the objective of the R2MR program, the game content 
should cover goal-setting, self-talk, visualization, tactical breathing, 
attention control and memory. The exploration of these game contents 
could include simulations (e.g. game characters experiencing the 
consequences of their behaviours), or role playing (game characters 
providing advice and hints to achieve the game mission).  It might be 
difficult to design a game where all the skills are equally needed 
throughout the game progression.  If all skills should receive equal 
attention, a progression mechanism should be identified to support this 
objective.  

o Additional features (wearables) 

 Heart rate monitors could be used in a creative way as in the application 
described in Wollman et al. (Wollmann et al., 2016). In their game the 
participants were able to control the flight of a plane with their 
breathing; moving up when they inhale, down on the exhale, and 
achieving greater stability when the participant is breathing at a steady 
rate.  This could be an interesting application for navigating in the game.   

 In the military context when designing for gaming including biofeedback 
there is a need for special considerations.  The cultural constraints of the 
military environment should be considered through the design and 
implementation of any mental health resilience applications.  Designers 
need to acknowledge the stigma of emotionally and mentally focused 
training and mitigate any risks in user acceptance by considering the 
entire soldier life cycle during the design, capitalizing on the positive 
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responses soldiers have toward using high-tech solutions and also 
ensuring stakeholder buy in as well as including users and stakeholders in 
the design process so that there is a sense of ownership and pride 
accompanying the training that can outweigh any negative cultural 
associations.  As an example, associations between caring about mental 
health, which can be stigmatized as feminine, or interests in high-tech 
devices, which can be stigmatized as masculine, need to be well thought 
out to promote wide application adoption.  

• Dynamics refers to the runtime implementation and behaviour of the mechanics as a 
function of a player’s input and game output. 

o Dynamics are more difficult to identify because they are dependent on specific 
design commitments and software implementations which will offer specific 
affordances to the players.  

• Aesthetics refers to the desired emotional response evoked in the player when 
interacting with the game.  

o Sensation  

 Sensation is the sense of pleasure as the result of trying something new.  
Sensation can also be associated with the general sense of being 
immersed and present in the game world, as opposed to feeling detached 
in an observer position.  

 The appearance or sensation offered by the game is also an important 
factor for user interest, even for promoting behaviour change (persuasive 
technologies).  Creating scenery is important to immerse the user, and 
give them some agency, but creating an interactive narrative experience 
is a lot of work requiring cinematic strategies and techniques.   

o Fantasy 

 Fantasy is the immersion into virtual worlds. 

 Setting goals and objectives in a fantasy world might be an interesting 
way to design levels and measure the achievement of performance 
because the objectives could be defined by the game and not self-
generated by the player.  However appealing, it would be important to 
assess if this approach would meet the R2MR program objective to help 
CAF members to better manage their mental health and real-life goals. 

o Narrative  

 Narrative is a storyline that catches the player’s interest.  

 An important element that needs to be determined for a gamified R2MR 
is a global narrative or storyline for the game.  A storyline is important in 
order to engage the user on an emotional level. It will also create a 
context for integrating the R2MR module (goal-setting, self-talk, 
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visualization, tactical breathing, attention control and memory).  In 
particular, it would be important to provide a narrative that integrates 
well with the small games/puzzles by relating them to 
activities/situations faced by CAF members.  

 It appears essential to create realistic training exercises and common 
military training tasks to incorporate with the R2MR strategies for 
breathing etc. as well as to promote and encourage the use of the system 
(fight against stigmas of mental health).  

o Challenge  

 Challenge is the difficulty to finish certain tasks against enemies and/or 
obstacles.  It can take the form of increased difficulty such as pressure 
(when time or social interactions are used as means to engage the user to 
perform an action), decision (when the user is presented with choices 
that will affect their experience), puzzle (when cognitive challenges are 
used to satisfy the user's internal needs of problem solving), equivalent 
or reduced difficulty such as chance (when the same opportunity is 
offered to all the users ), or revision (when the user is allowed to re-do an 
action).  

 Aesthetics is highly related to the task mechanics. The type of challenges 
will vary depending on whether the task is the overall mission of the 
game or specific puzzles to be solved in order to navigate in the game 
space.  Adventure games are composed of encapsulated smaller quests, 
challenges, and tasks a player has to solve in order to receive a reward.  
When information about the next quest is available on completion of the 
previous one, a player is motivated to play just a little bit longer 
(Martens, Diener, & Malo, 2008).  Zelda is an example of such a game. As 
an open RPG, it allows the player to explore a large environment. Within 
this environment, the player, through his avatar Link, is presented with 
opportunities to engage in tasks. Some of these tasks involve mini games, 
which are played within the environment itself. If an RPG combined mini-
games with complex quests with sub-objectives each presenting their 
own planning challenges, the RPG could exercise both low-level skills 
such as memory and attention through the mini-games, and higher-level 
planning skills. 

o Fellowship 

 Fellowship is the engagement of players in social networking. It can take 
multiple forms such as cooperation (when two or more players work as a 
team towards a common goal), competition (when two or more players 
engage together towards a common goal), and economy (when there is 
an element that is used to perform transactions between users) (Toda et 
al., 2018).  
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 A fellowship aesthetic should be part of a gamified R2MR to introduce 
social support and/or competition.  The competitive aspect of a game 
might be appealing to CAF members, but it should not be 
counterproductive to the promotion of more openness to discuss mental 
health issues in the CAF.  Team scoring/leader boards could also be an 
interesting option which aligns well with CAF values.  

o Discovery (finding out new things through exploration or trying a new strategy) 

 Discovery is about finding out new things through exploration or trying 
new strategies.  It can take the form of a secret (when there is hidden or 
unlockable content that can be accessed by the users), novelty (when 
new information and experiences are presented to the users, as they 
progress), or randomness (when probability is inserted, being affected 
exclusively by the user's luck).  

 Discovery could be an appealing game element to entice CAF members to 
keep playing and improve their skills.  It could also be promoted by 
allocating points/scores for exploration, either as an individual and/or as 
a team.  

o Expression 

 Expression is the ability to express players’ choices in a game.  Expression 
can be related to personalization, but it also covers a broader aspect 
beyond the choice of game features or self-representation such as the 
ability to create fantasy worlds in which other players can participate.   

 An easy way to implement the expression feature is the ability for a 
player to choose how he/she is represented in the game, how their 
heart-rate is represented, or what performance measure in the game 
they want to continuously track.  This approach is suitable for character-
based games.  A player’s expression could also be supported by sharing 
their winning strategies, which would contribute to the fellowship 
aesthetic as well.   

 Yet another possibility would be to allow for multiple ways to do well in 
the game, some might strive for first place on the leaderboard while 
others of a more adventurous personality might take pride in the 
accumulation of special items obtained through exploration.  

o Submission 

 Submission is understood as a devotion or addiction to a game. 

 Interest in the game should be measured by the impact it has on CAF 
management of mental health, rather than only the interest to play the 
game for entertainment. Outcomes as a result of gameplay, such as 
increased ability to lower heartrate during stressful situations, need to be 
considered. 
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Conclusion 
The Canadian Armed Forces (CAF) are expanding and modernizing their training and 

preparation on mental health and resilience (National Defence and Canadian Armed Forces, 
2016).  The Road to Mental Readiness (R2MR) program is part of this effort, and Defence 
Research and Development Canada (DRDC) has played a key role in developing and evaluating a 
series of mobile phone modules designed to make this training available to CAF members as 
self-learning tools.  DRDC is currently conducting investigations into whether the R2MR phone 
application can be gamified to take the form of a serious game integrating wearables to provide 
learners with biofeedback (Granek et al., 2016).  The current report by the National Research 
Council Canada (NRC) is in support of DRDC’s efforts and aims at identifying Human-Computer 
Interface (HCI) design principles for serious games using wearables.   

In order to develop R2MR into a serious game, Human-Computer Interface (HCI), 
instructional, and assessment design principles for serious games must be considered.  In 
particular, user centered design needs to be integrated into software development.  Developers 
need to ensure that user and system requirements are identified and considered during 
development and that the system is tested with users to obtain a system that is both usable 
and useful. Games should be integrated into a larger instructional context and in-game 
assessments should measure the level of attainment of instructional learning objectives. 

User-centred design and human-computer interaction principles also are important to 
consider in designing persuasive technologies to support behavioural changes.  The optimal 
approach to gamification for motivation could be a combination of adaptive difficulty, levels 
and self-selected preferred success rates.  It is important to ensure that the user interface does 
not affect game play, and user testing would be an important way to determine if the UI is 
meeting the needs of the user. 

When considering the use of sensors in gamification, the comfort of the user is 
paramount.  Both physical comfort, such as the comfort of the sensors worn, and psychological 
comfort need to be considered.  Cultural considerations must be taken into account – in 
particular within a military workplace environment where mental health training and mental 
health issues are often stigmatized. High tech mental resilience training tools can work towards 
making mental health training more acceptable within the work environment, as long as 
specific conditions are met, including systems that are easy to use and usable, along with 
sufficient support and encouragement from commanding officers. 

In this context, where stigma still exists, certain gamification design principles need to be 
considered, such as the potential need for anonymity in scoring or leaderboards. Designers 
should consider whether users choose their own character name in game, which could allow for 
anonymity, or whether users choose to have their score shown as an individual, as part of a 
group, or even opt not to engage in direct competition and instead focus on internal goals, i.e. 
their own progression through the gameplay. If the users’ sensitivities surrounding privacy are 
elevated, a privacy-by-design approach should be considered (Cavoukian, 2010).  

The principles contained in this report, as well as the body of material cited, provide the 
R2MR design and development team with resources to engage in another design iteration to 
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increase the adoption and use of the R2MR software tools (as mobile apps, games or desktop 
games).  Following HCI design principles for gamification will create a stronger, better accepted 
tool to aid in strengthening mental resilience for members of Canada’s Armed Forces.  
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Appendices 
Appendix 1: HCI and UCD Principles (Table) 

 
ID Principle 
1 User-centred design (UCD) should be integrated into the software development 

methodology. 
2 User interfaces must be compatible with human information processing. 
3 User interfaces must be compatible with the users’ mental models. 
4 The UI design and computer system must meet the types of requirements specified above. 
5 The UI design itself should be tested. 
6 Usability testing should be performed. 
7 Observe users in the context of their work (or tasks or activities). 
8 Determine the users’ roles, goals, tasks, workflows (including exceptions), sources of 

information, deliverables, difficulties, and important characteristics. 
9 Identify the scenarios that are important to the user and pose a development risk. 
10 Prioritize the needs as a function of their importance to the user. 
11 In addition, principle 4, regarding requirements is also important in UCD. 
12 Involve users in the design by presenting them with concepts and prototypes. 
13 Minimize the information processing required of the user. 
14 Minimize the mental computations required of the user. 
15 Display all information in the context in which it is needed to minimize the user’s need to 

remember pieces of information displayed on different screen/display states. 
16 These principles imply that the information the user wants should be displayed on the 

screen (or communicated some other way), which itself implies that: 
17 The UI designer must know what information the user wants. 
18 Recognition is easier than recall. (It is therefore better to show something the user can 

recognize than to ask the user to recall it from memory.) 
19 Ensure that widgets and functions are consistent throughout the application. 
20 Ensure that widgets and functions are consistent with similar applications. 
21 Ensure that widgets and functions are consistent with the domain of the application. 
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Appendix 2: Biofeedback sensors in stress reduction games (Table) 
 

Biofeedback sensors in stress reduction games. 

Reference Biofeedback types Study Issues Successes/finding Medium 

(Sas & 
Chopra, 
2015) 

Heart rate, skin 
conductance even 

through 
neurofeedback 
(brainwaves). 

Emotive headset 
device. 

Identifies meditative 
states and relays this 

information to the 
user.  

Mindfulness-based 
stress reduction 

(MBSR) and 
mindfulness-based 
cognitive therapy 

(MBCT). Mindfulness-
based stress reduction 

(MBSR) and 
mindfulness-based 
cognitive therapy 

(MBCT). 

N/A Drew from calm design and 
slow, biofeedback, 
neurofeedback and 

entertainment technologies. 

Music/headphones. 

(Yu, Hu, Funk, 
& Feijs, 2018) 

Heart rate; skin 
conductance 

responses; respiration 
rate; heart rate 

variability; breathing 
pattern; relaxation 

rating scale; and 
usability survey. 

Use of light to provide 
immersive 

experiences through 
bio-driven feedback 
whereby users are 
informed of their 
stress levels for 

relaxation training. 

N/A They found that changes in 
light can support stress 

intervention and relaxation 
training as effectively as 

traditional graphical 
biofeedback as well as 

enhance physical and mental 
relaxation.  

PC based 
biofeedback program 

that receives data 
from sensors. 

(Seoane et 
al., 2014) 

Physiological 
measurement for GSR 
and skin temperature 
(sensorized glove or 

arm straps) and 
another device for 

Spanish Ministry for 
defence – future 

combatant program 
ATREC or Real-Time 

Analysis of the Stress 
of the Combatant- 

SD card rather than Bluetooth 
added time and doubt about the 
measurements being recorded – 

direct upload could have 
alleviated these fears as the 

measurements could be 

Initial findings suggest that 
“cardiac and respiration 

activity offer better 
biomarkers for assessment of 
stress than speech, galvanic 

skin response or skin 

Sensorized garments; 
PC-based application 
– videos to generate 

emotion; calculus 
game, Tetris-based 

game. 
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Biofeedback sensors in stress reduction games. 

Reference Biofeedback types Study Issues Successes/finding Medium 

“cardiogenic bio 
potential and 

impedance thoracic 
measurements”  

(chest strap). 

discussion of 
biometrics, first-phase 

project results. 

checked during the study and 
not just afterwards. 

temperature when recorded 
with wearable measurement 

systems.” 

Biosignals with best mental 
state classifications are ECG – 
heart rate and respiration rate 

– easier to obtain such 
measurements.  

Detecting stress from heart 
and respiration rate yielded 

lower error rates. 

Physical stress 
measured through 

stair climbing.  

(Mohino-
Herranz et 
al., 2015) 

Electrodes attached to 
a vest measure both 
ECG and TEB signals 

which are then 
recorded by an ECGZ2 
which sends data to a 

smartphone in real 
time. 

Future combatant 
program ATREC or 

Real-Time Analysis of 
the Stress of the 

Combatant. 

N/A Findings: ECG and TEB 
measurements are highly 

useful for high level detection 
or “sudden increases in 

mental overload, emotional 
response or physical activity”. 

Textrodes (in textiles 
– vest); and 

smartphone where 
information is sent. 

Watch films (screen); 
math game (screen); 
play Tetris (screen); 

climb stairs. 

(Bouchard et 
al., 2012) 

Heart rate 
measurement. 

Assesses video and 
auditory biofeedback 

on a stress 
management (tactile 

breathing) 
tridimensional video 

game where an 
ambush simulation 
was presented in 

conjunction with a 
first aid task. 

Lack of immersion in current 
mental resilience packages for 
military personnel as well as 

“low motivation, or poor “buy-
in” factor, toward emotional 

regulation. 

Heart rate was measured and 
the study found that stress 

management training 
effectively reduced the study 

participants’ stress levels. 
They also found that it had a 

“clear positive impact on 
perceived self-efficacy to 

control stress”. 

Future research could look at 
the impact of such an 

Game on TV; 3D 
game; in a medical 

simulation centre – 2 
military ambulance 

modified rooms; also 
live first aid 

simulation – apply 
first aid to wounded 

soldiers. 
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Biofeedback sensors in stress reduction games. 

Reference Biofeedback types Study Issues Successes/finding Medium 

immersive program on other 
stressful situations (i.e. under 

enemy fire, dealing with 
hostile reactions from 

civilians, etc.) Also could add 
more sessions or use a live 

simulated stressor to 
introduce additional stress 

during the immersion.  
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Biofeedback sensors in stress reduction games. 

Reference Biofeedback types Study Issues Successes/finding Medium 

(Wollmann et 
al., 2016) 

Wireless Bluetooth 
heart rate monitor 

(HxM BT from Zephyr 
Technology), Android 

software development 
kit (SDK) with dry 

electrodes, and two 
home built 

electrocardiogram and 
thoracic 

bioimpedance 
measurement devices, 
Andriod studio, libGDC 
game engine, with the 

scene rendered by 
OpenGL. 

Flight simulator 
controlled by paced 
breathing training. 

Visualization resulted in higher 
training performance; however 

there was a greater user 
preference for multitasking 

within game. 

 

Suggests Potential for Adaptive 
Challenges. 

They found that the 
participants were motivated 

and engaged, with the highest 
training performance 

outcomes coming from pure 
visualization. The most 

challenging game resulted in 
more interest in long-term 

engagement. 

 

Game on a screen – 
controlled via 

biometric 
measurements – 

heart rate, 
electrocardiogram 
and bioimpedance 

measurement 
devices. 

(Hourani et 
al., 2016) 

Photoplethysmograph 
sensors on earlobe – 

to measure pulse 
signal 

The design, 
development and 

evaluation of a 
predeployment 

inoculation training 
(PRESIT) prevention 

intervention – 
randomized control 

study. 

Baseline predeployment group 
had higher than anticipated 

rates of mental health problems 
(measured via survey), reducing 
the overall healthy sample size. 

Results extended previous 
findings that using 

biofeedback during stressful 
gaming increases 

effectiveness of stress 
management skills.   

Video multimedia 
stressor environment 
- controlled by game 

controller. 
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The Canadian Armed Forces (CAF) are expanding and modernizing their training and preparation 
on mental health and resilience (National Defence and Canadian Armed Forces, 2016).  The 
Road to Mental Readiness (R2MR) program is part of this effort, and Defence Research and 
Development Canada (DRDC) has played a key role in developing and evaluating a series of 
mobile phone modules designed to make this training available to CAF members as self-learning 
tools.  DRDC is currently conducting investigations into whether the R2MR mobile application can 
be gamified to take the form of a serious game integrating wearables to provide learners with 
biofeedback (Granek, Jarmasz, Boland, Guest, & Bailey, 2016).   

The current report by the National Research Council Canada (NRC) is in support of DRDC’s 
efforts and aims at identifying Human-Computer Interface (HCI) design principles for serious 
games using wearables.  The report is divided in three main sections.  The first section briefly 
describes the methodology employed to produce the report.  The second section provides 
principles for guiding the development of a gamified R2MR application by reference to four 
domain areas: 1) user-centred design and human-computer interaction, 2) persuasive 
technologies to support behavioural changes, 3) sensors/effectors for stress resilience, and 4) 
gamification and serious game design principles.  The third and last section presents a R2MR 
gamification use case based on an analysis of the high-level characteristics of the R2MR mobile 
application and the Mechanics-Dynamics-Aesthetics (MDA) framework to identify possible 
gamification options.   

The literature review indicates that a gamified version of the R2MR mobile application requires 
the application of a wide range of relevant design principles from different perspectives.  The 
main outcomes are:  

 From a user-centred design point of view, meeting requirements and following design 
principles derived from human computer interface best practices are not sufficient and 
need to be strongly coupled with end user testing at each phase of development from 
initial design to final product evaluation.   

 Serious games for training introduce additional design constraints, such as the 
requirement to focus on meeting intrinsic user needs related to competence, autonomy, 
and social connectedness, rather than only extrinsic motivators such as rewards or 
badges.  If gamification is to be used, it should only consist of a part of an instructional 
program with the bulk of the program consisting of guided problem-based instruction, 
with frequent and adequate assessments and feedback, while using as much 
scaffolding as possible to reduce complexity to a manageable level.   

 Design principles from the perspective of persuasive technologies to foster behavioural 
changes place a particular emphasis on the importance of supporting the main 
behaviour change through internal motivation, dialogues (external rewards), credibility, 
and social relations.   

 From the perspective of applications to develop mental resilience, particular attention 
needs to be placed on stigma and cultural barriers plaguing the use of mental readiness 
and mental health training tools. 

 Lessons learned from incorporating biometric readings into studies of stress reduction 
include the importance of the users’ comfort when wearing measurement devices.  
Several studies found the best measures for assessing mental and emotional overload 
as well as changes in physical activity were cardiac and respiratory rates.  Additional 
biometric sensors could include galvanic skin response sensors and eye tracking 
connected to smartphones; however, monitoring heartrate provides the best solution for 
real-time feedback for mental resilience and stress reduction with the use of biometrics. 

 
Les Forces Armées Canadiennes (FAC) étendent et modernisent la formation et la préparation à 
la santé et résilience mentale (National Defence and Canadian Armed Forces, 2016).  Le 
programme en Route vers la Préparation Mentale (RVPM) fait partie de ces efforts et Recherche 
 



et développement pour la défense Canada (RDDC) a joué un rôle clé dans le développement et 
l’évaluation d’une série de modules pour une application mobile conçue comme un outil 
d’apprentissage autonome pour les membres des FAC.  RDDC étudie actuellement la possibilité 
de ludifier (gamify) cette application mobile qui pourrait aussi intégrer des senseurs pour donner 
une rétroaction sur certains états physiologiques (Granek et al., 2016).   

Le présent rapport par le Conseil National de Recherches Canada (CNRC) vise à soutenir les 
efforts de RDDC en identifiant les principes de conception d’interface personne-machine pour 
des applications d’apprentissage ludique utilisant des senseurs de processus physiologiques.  Le 
présent rapport est divisé en trois sections.  La première section décrit brièvement la 
méthodologie employée pour produire le rapport.  La seconde section établie les principes d’une 
ludification de l’application RVPM en référence à quatre domaines: 1) la conception centrée sur 
l’usager et les interactions personne-machine, 2) les technologies persuasives en soutient au 
changement de comportement, 3) l’utilisation des senseurs et effecteurs pour la résistance au 
stress, et 4) les principes pour la ludification.  La troisième et dernière section présente un cas 
d’utilisation basé sur une analyse de l’application mobile à partir du cadre “Mechanics-Dynamics-
Aesthetics” (MDA) afin d’identifier quelques options de ludification.   

La revue de la littérature indique qu’une version ludifiée de l’application mobile RVPM exige de 
considérer un large éventail de principes de conception à partir de plusieurs perspectives 
différentes.  Les résultats principaux sont : 

 Du point de vue de la conception centrée sur l’usager, la rencontre du cahier des 
charges et l’application des meilleures pratiques en interface personne-machine ne sont 
pas suffisantes et doivent être associées fortement à des tests avec des usagers à 
chaque étape du processus de développement, de la conception initiale, à la validation 
du produit fini.

Les jeux sérieux introduisent des contraintes de conception supplémentaires, telles que
le besoin de mettre l’emphase sur les besoins intrinsèques associés à la compétence,
l’autonomie et la connectivité sociale, au détriment de la motivation extrinsèque (ex.
points).  Si une ludification est effectuée sur un jeu sérieux, elle ne devrait porter que
sur une partie de l’application, pour laisser la majorité de l’application être guidé des
instructions fondées sur la résolution de problème, avec des évaluations et de la
rétroaction fréquente et en utilisant l’échafaudage pédagogique pour réduire la
complexité.
Les principes de conception tirés des technologies de persuasion pour favoriser le
changement de comportement mettent l’emphase sur l’importance de soutenir le
comportement ciblé par la motivation intrinsèque, les dialogues (motivation
extrinsèque), la crédibilité, et les relations sociales.
D’une perspective centrée sur la résilience mentale, une attention particulière doit être
accordée à la stigmatisation et aux barrières culturelles freinant l’utilisation d’outil de
formation en résilience et santé mentale.
Les leçons apprises lors de l’incorporation de lecture biométrique pour l’étude de la
réduction du stress montrent l’importance de s’assurer du confort lorsque les outils de
mesure sont portés.  Plusieurs études ont indiqué que les meilleures mesures pour
évaluer la surcharge mentale et émotionnelle, ainsi que les changements lors de
l’activité physique sont les rythmes respiratoire et cardiaque.  Des senseurs
supplémentaires branchés à des téléphones intelligents pourraient inclure des mesures
de réponse galvanique de la peau et le suivi du mouvement oculaire, mais l’utilisation
du rythme cardiaque offre la meilleure des solutions biométriques pour une rétroaction
en temps réel sur la résilience mentale et de la réduction du stress.
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