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. METHODOLOGY FOR THE SELECTION OF GAME MECHANICS
SUITABLE FOR CREATIVITY DEVELOPMENT

I.1. Introduction

Game mechanics are the rules and procedures that guide the player and the game's response
to the player's moves or actions. Game mechanics are the essential play activity that players
perform repeatedly in a game.

Every game has a game mechanics. Mechanics determine how the game should work for
players. However, not every game has its own game mechanics, many games have the same
basics, for example, there are many word games that involve forming and/or guessing words
composed of individual letters.

This report describes the methodology for developing serious games for lifelong learning
contexts that can help students achieve specific learning goals. The methodology was
developed based on scientific evidence from the field of game-based learning research and

development over the past 15 years.
I.2. Design and development of serious games

Designing and developing effective games is a very challenging task, because it requires a
good knowledge of the didactic aspects of the learning process as well as the technology of
game development. While there is no exact method to design a game, the process can be
divided into stages that summarise essential phases that are common to all games.

The initial stage in serious game development usually begins with the selection of the learning
objectives to be hidden in the game, the target audience, the game mechanics, and the story,
which forms the basis for developing the script. The defined game mechanics specify the rules
of the game, the actions the player is allowed to take, a set of principles that form the basis
for winning strategies, the type of interaction, and the challenges that engage the players
(Spieler & Slany, 2018).

Learning games also need to be interesting and fun, otherwise the full benefits of game-based
learning cannot be achieved. We need to be able to integrate the activities that lead to the
achievement of the learning goals into the mechanics of the game we are developing, so that
the player-learners do not even notice the learning goals when they achieve the goals of the
game.

Over the last two decades, several taxonomies and mapping schemes have been developed
for connecting selected learning objectives and game mechanics that can support designers

of serious games. In this report, we present the most important work in the field that has had



a major impact on the development of game design methodologies, as well as examples of
how the developed methodologies have been applied in practice. Based on these methods
and the examples presented, we will analyse the individual examples of good practice that we
presented in the preliminary phases of the project, laying the groundwork for the development

of the educational game that we will design and develop later in this project.
1.3. Game design patterns

The approach to designing educational games that support students to achieve given learning
objectives, developed by researchers at the Centre for Learning Sciences and Technologies
of the Open University of The Netherlands, is based on the use of game design patterns
(Kelle et al. 2011).
Design patterns systematically name, motivate, and explain a general design by describing
the problem, the solution, when to apply the solution, and its consequences. It also gives
implementation hints and examples. They used 'Alexandrian’ style patterns (Alexander, 1978)
that consist largely of textual descriptions that yield the following three main advantages:

e encapsulation of experience,

e providing a common vocabulary, and

e enhancement of documentation.
They have explored how game design patterns can be mapped onto educational methods and
requirements, in order to facilitate learning game design, and analysed existing pedagogical
frameworks in order to enable a mapping of game design patterns onto pedagogical
strategies. They explained and carried out the mapping procedure.
They used an extensive inventory of design patterns particularly relevant to games. This
inventory was developed by Bjork and Holopainen (2004), who compiled a repository of over
200 design patterns for games. Using four different views of games, i.e., holistic (describing
the actual activities), boundary (describing the limits of these activities), temporal (describing
the temporal sequence of the game), and structural (the functionalities of a game and how
they interact), they identified eleven main categories of game design patterns and grouped
game design patterns into these categories.
The different design patterns describe the building blocks of a game. Each pattern includes
the following components: a general description, information about how the pattern is used,
some examples, a description of the consequences of its use, and in some cases structural
information about what other patterns conflict. A key characteristic of game development
patterns is that they never occur alone.
They must be logically combined with other patterns to form a game structure. For this reason,

a game design pattern is structurally defined by its interaction with other patterns.



Game design patterns are available on-line on

https://tecfa.unige.ch/tecfa/maltt/VIP/Ressources/Articles/Game%20Design%20Patterns/

For a list of categories of game design patterns and their brief descriptions created by Bjork

and Holopainen, see Table 1.

Table 1. Game design pattern categories (Bjérk and Holopainen, 2004)

Pattern category

Description

replay ability and learning
curves

1 | Game elements patterns These patterns describe game objects that define the area of
the game reality or that players can manipulate (48 patterns)
(example: clues)

2 | Patterns for resources and | These patterns describe different types of resources that can

resource management be controlled by the players and the game system (20 patterns)
(example: resources like energy)

3 | Patterns for information, These patterns describe how information about the game state
communication and is treated, for instance hiding of specific information of for
presentation carrying out evaluations (20 patterns) (example: asymmetric

information)

4 | Actions and events These patterns govern what kinds of actions are available to
patterns players, how they relate to changes in the game state, and how

they relate to the goals of the players (44 patterns) (example:
rewards or penalties)

5 | Patterns for narrative These patterns deal with storyline, immersion and commitment
structures, predictability to the game by the players (31 patterns) (example: surprises)
and immersion

6 | Patterns for social These patterns cover how games support social interaction
interaction between the players (30 patterns) (example: role-playing)

7 | Patterns for goals Goals give players objectives to aim for when playing games.

(26 patterns) (example: gain information)

8 | Patterns for goal These patterns describe how gameplay affects goals (20
structures patterns) (example: tournaments)

9 | Patterns for game sessions | These patterns deal with the characteristics of game instances
and game and play sessions and the limitations, possibilities,
and features of player participation in the game (20 patterns)
(example: time limits)

10 | Patterns for game mastery | These patterns describe how the players can use their skills and

and balancing abilities in playing the game and how it is possible to balance
the gameplay for players with different abilities (27 patterns)
(example: randomness)
11 | Patterns for meta games These patterns deal with issues that are outside the playing of a

single game instance (10 patterns) (example: replayability)




I.4. Learning mechanics

Didactic methods used in learning processes consist of teaching and learning functions.
Learning functions refer to cognitive and metacognitive activities triggered to improve the
effectiveness and meaningfulness of learning, and they are all directly related to didactic
actions taken by teachers or education providers. They are presented along with the teaching
functions in Table 2. Shuell and Moran's functions have been regrouped according to different
types of functions (preparation, knowledge processing, higher order relationships, learner
regulation, and productive actions, respectively). They are very similar to the six domains in
the DIGCOMPEDU competence model.

The idea that game design patterns can be considered pedagogical interventions in their own
right is a strong argument for assigning design patterns to learning and teaching functions
(Kelle et al., 2011). Pedagogical interventions are largely replaced by single or combined
game patterns in serious games. However, it is not clear from Shuell and Moran's description

how the learning and teaching functions relate to existing pedagogical models and theories.

Table 2. Learning functions and teaching strategies (Shuell and Moran, 1994)

Learning functions Teaching strategy

Preparation

Prior knowledge Reminding students of prerequisite information or asking oneself what is
activation already known about the topic being learned

Motivation Learner persistence and contribution need to be nurtured

Expectations Learners need to have a general idea of what is to be accomplished from

the learning task. Providing an overview or the learner identifying the
purpose of a lesson are ways in which expectations can be initiated.

Attention Enabling learners to focus on relevant information, disregarding the
irrelevant information

Knowledge manipulation

Encoding Assisting learners to add personal meaning to new information

Comparison Making comparisons in searching for similarities and differences that
permit the formation of higher-order relationships characteristic of
understanding

Repetition The inducement of multiple perspectives and engaging in systematic
reviews are two ways in which this function can be initiated

Interpreting Assisting learners in converting information from one form of
representation to another

Exemplifying Motivating learners to illustrate by making use of new examples

Higher order relationships

Combination, Learners need to have a general idea of what is to be accomplished from
integration, the learning task. Providing an overview or the learner identifying the
synthesis purpose of a lesson are ways in which expectations can be initiated.




Classifying

Enabling learners to determine categories of concepts

Summarising

Guiding learners in writing short statements that represent information

Analysing Guiding learners to break material into constituent parts and to determine
how the parts are related

Learner regulation

Feedback Learners need to interpret feedback on the adequacy and accuracy of
their understanding

Evaluation Providing learners with the opportunity to interpret and evaluate the
feedback, as well as the opportunity to evaluate their own work against
set criteria and standards

Monitoring Providing learners with the opportunity to monitor their own learning
progress, to determine if reason able progress is being made

Planning Assisting learners in devising methods for accomplishing tasks

Productive actions

Hypothesis Encouraging learners to try alternate courses of action or generating

generation alternative solutions

Inferring Assisting learners to draw conclusions from presented information

Explaining Guiding learners in constructing mentally and using cause and-effect
models

Applying Teaching learners how to utilise procedures to perform exercises or solve

problems

Producing and
constructing

Guiding learners to invent a product

1.5. Mapping of learning functions on game design patterns

When we design and develop serious games, we need a general descriptive model that links

both gameplay and learning. While gameplay is viewed as an ongoing cycle of interactions

with the game environment and feedback on actions taken, the link to learning is made explicit

through a regular debriefing process that connects the game experience to the outside world.

It is necessary to determine which game elements are relevant to each learning activity. The

biggest challenge is creating a mapping between pedagogical/learning functions and game

design patterns.

The mapping proposed by Kelle et al. (2011) uses only those patterns that are relatively high

on the abstraction scale. Such 'universal' patterns can subsequently be instantiated into more

detailed sub-patterns, which is a process controlled by the instantiation property. In addition,

a relatively high degree of pattern connectivity should be considered when selecting patterns.

This means that there are patterns that can be connected to a certain number of other patterns.

If there is a large number of such possible links, the connectivity degree is high.




The mapping heuristic is based on the following step-by-step scheme (Kelle et al., 2011):

1. Shuell and Moran's (1994) learning, and teaching functions (Table 2) have been used to
act as the starting point of this mapping.

2. The underlying pedagogical mechanisms of each learning function are identified, while
referring to the various pedagogical perspectives. The connection between Shuell and
Moran's learning and teaching functions and the pedagogical models was done by
analysing semantic overlap between those. This means that for each of the pedagogical
perspectives the relevant vocabulary and subcategories of the taxonomy are included.

3. The associated pedagogical concepts for the respective learning functions are used to
give insight into what makes them work and forms their pedagogical requirements. For
example, the Learning function of Applying can be connected to Kolb's (1984) theory of
exploration and experimentation.

4. The next step is to make the choice of game design pattern classes that are likely to
support the pedagogical concepts relevant for each of the learning/teaching functions. As
representative for a class, a concrete pattern may be chosen. While using the game design
patterns inventory of Bjork and Holopainen (2004 ), the names of patterns serve as primary
semantic indicator for fulfilling this requirement. Also, the verbal definition of each pattern
(Bjork and Holopainen, 2004), explaining the function of each pattern can be used for this.
The method to choose the correspondence between learning function and game design
pattern can be achieved intuitively by means of semantic overlap. For example: the
learning function of 'repetition' semantically implies a recurring process in order to achieve
'drill and practise', which from a gaming perspective requires the 'replayability’ pattern,
enabling the possibility to repeat a certain game sequence.

The mapping procedure is not a simple algorithm and therefore requires some interpretation

by the mapper. The mapping of learning functions to game design patterns is shown in Table

3.

Table 3. Mapping of learning functions onto game design patterns (Kelle et al., 2011)

Learning function ‘ Underlying taxonomy element(s) ‘ Game design pattern class
Preparation
Prior knowledge Gagné’s instructional event of Goals patterns, e.g., reconnaissance
activation ‘retrieval’ (stimulating recall of prior | (7)
learning).
Motivation Chiefly, Keller’s ARCS model is of Various patterns, mostly score
relevance here. related, for example rewards (4)
Attention Both Keller and Gagné list attention. | Game elements patterns, e.g.,
surprises (5), Clues (1)
Expectation Gagnés instructional event of Goal related patterns, e.g.,
‘expectancy’ (informing learners of predefined goals (8), narrative
the objective). patterns, e.g., anticipation (5)




Knowledge manipulation

Encoding Kolb’s concept of abstract Information related game design
conceptualisation patterns

Comparison Kolb’s concept of reflective Information related game design
observation patterns

Repetition Heinich’s design of drill and practise, | Meta game patterns, e.g.,

Keller’s concept of confidence

replayability (11), and randomness
(as enabler for meaningful
replayability)

Interpreting

Robinson’s pedagogical goal of
encouraging multiple perspectives

Goals patterns, e.g., Gain
Information (7)

Exemplifying

Robinson’s pedagogical goal of
developing multiple modes of
representation, as well as the
encouraging of multiple
perspectives.

Game elements patterns, e.g., levels

(1)

Higher order relationships

Learning function

Underlying taxonomy element(s)

Game design pattern class

Combination,
integration,
synthesis

Robinson’s pedagogical goal of
gaining multiple perspectives.

Goals patterns, e.g., gain
information (7)

Classifying

Keller’s concept of relevance, Kolb’s
concept of conceptualisation.

Information and communication
patterns, e.g., perfect information

(3)

Summarising

Gagné’ s event of eliciting
performance, Heinich’s design of
presentation.

Information and communication
patterns, e.g., communication
channels (3), patterns for game
sessions, e.g., time limits (9)

Analysing Heinich’s design of problem solving Patterns for game mastery and
balance, e.g., strategic knowledge
(10)

Learner regulation

Learning function Underlying taxonomy element(s) Game design pattern(s)

Feedback Gagné’s event of providing feedback | Score related patterns, e.g., score
(4), patterns for game mastery and
balance, e.g., near miss indicators
(10), information patterns, e.g.,
progress indicators (3)

Evaluation Gagné’s event of providing feedback, | Information patterns, e.g., status
Robinson’s goal of self-awareness of | indicators (3), score related
knowledge construction. patterns, e.g., rewards (4) and

penalties (4)

Monitoring Gagné’s event of providing learning (Same as for evaluation)
guidance.

Planning Kolb’s concept of concrete Patterns for game mastery and

exploration

balance, e.g., stimulated planning
(10)

Productive actions

Hypothesis
generation

Heinich’s designs of discovery and
problem solving.

Patterns for interaction, e.g.,
exploration (6)

10




Inferring

Heinich’s designs of discovery and
problem solving.

Patterns for goal structures, e.g.,
player defined goals (8)

Explaining

Heinich’s designs of presentation,
demonstration and tutorial, Gagné’ s
event of providing learning guidance

Patterns for information, e.g., direct
information (3), game elements
patterns, e.g. clues (1), helpers (1)

Applying

Kolb’s concept of exploration and
experimentation

Game elements patterns, e.g., clues

(1)

Producing and
constructing

Ownership of Learning, Kolb’s
concept of experimentation

Immersion patterns, e.g., creative
control (5)

11
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Table 4. Extensive list of Game design patterns (Bjérk & Hopolainen, 2007) with web links to

8 Frasmus+

Erasmus+ KA2, GAME-ED: Development of creativity skills by game-based learning
methods in adult education, 2020-1-HU01-KA227-ADU-094052, 2021-2023

pattern descriptions

1.

Game Design Patterns for Game
Elements

Alarms

Alternative Reality
Avatars
Book-Keeping Tokens
Boss Monsters
Buttons

Cameras

Card Hands

Cards

Chargers

Clues

Consistent Reality Logic
Controllers

Deadly Traps
Dice

Discard Piles

Drawing Stacks
Enemies

Extra-Game Information
Game World

Ghosts

Goal Points

God's Finger

Helpers
High Score Lists

Inaccessible Areas
Invisible Walls

Levels

Lives

Moveable Tiles

Mule

Obstacles
Outstanding Features
Parallel Lives
Pick-Ups

Power-Ups
Reconfigurable Game World
Resource Generators
Resource Locations
Safe Havens

Save Points

Score

Spawn Points
Strategic Locations
Tiles

Tools

Traces

Units

2. Game Design Patterns for Resource

and Resource Management

Arithmetic Rewards for
Investments
Asymmetric Resource Distribution

Closed Economies
Consumers

Container

Converters

Diminishing Returns
Geometric Rewards for
Investments

Investments

Limited Resources
Non-Renewable Resources
Ownership
Producer-Consumer
Producers

Renewable Resources
Resource Management
Resources

Secret Resources

Shared Resources
Symmetric Resource Distribution

3. Game Design Patterns for
Information, Communication, and
Presentation

Asymmetric Information
Communication Channels
Direct Information
First-Person Views

Fog of War

Game State Overview
Goal Indicators

God Views

Imperfect Information
Indirect Information

Near Miss Indicators
Outcome Indicators
Perfect Information
Progress Indicators
Public Information

Red Herrings

Status Indicators
Symmetric Information
Third-Person Views
Uncertainty of Information

12
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4. Actions and Events Patterns

Ability Losses
Aim & Shoot

Area Control
Asymmetric Abilities
Attention Swapping
Betting

Budgeted Action Points
Camping

Collecting

Combat

Construction

Damage

Decreased Abilities

Disruption of Focused Attention

Downtime
Experimenting
Extended Actions
Focus Loci

Game World Navigation
Illusionary Rewards
Improved Abilities
Indirect Control
Interruptible Actions
Irreversible Actions

Leaps of Faith
Limited Set of Actions

Maneuvering
Movement

Movement Limitations
New Abilities

No-Ops

Penalties
Player-Decided Distribution of
Rewards & Penalties
Privileged Abilities
Privileged Movement
Rewards

Role Reversal
Save-Load Cycles
Shrinking Game World
Spawning

Tile-Laying

Transfer of Control

Turn Taking
Ultra-Powerful Events

8 Frasmus+

5. Game Design Patterns for Narrative
Structures, Predictability, and
Immersion Patterns

Anticipation

Character Development
Characters

Cognitive Immersion
Creative Control

Cut Scenes

Dedicated Game Facilitators
Delayed Effects

Easter Eggs

Emotional Immersion
Freedom of Choice

Game Masters

Higher-Level Closures as
Gameplay Progresses
Hovering Closures
Identification

Illusion of Influence
Immersion

Narrative Structures

Never Ending Stories
Perceived Chance to Succeed
Planned Character Development
Player Constructed Worlds
Self-Facilitated Games
Sensory-Motoric Immersion
Skills

Spatial Immersion

Storytellin

Surprises
Tension

Tiebreakers
Tied Results
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6. Game Design Patterns for Social e Overcome
Interaction e Race

Alliances +  Reconnaissance

M o Stealth

Mg e Survive

Bluffing o Traverse

Collaborative Actions
Competence Areas
Competition

Conflict

Constructive Play
Cooperation
Delayed Reciprocity
Dynamic Alliances
Individual Penalties
Individual Rewards

Negotiation
Player Decided Results

Player Killing
Red Queen Dilemmas

Roleplaying

Secret Alliances
Shared Penalties
Shared Rewards
Social Dilemmas
Social Interaction
Social Organizations
Social Statuses
Team Development

Team Play

Trading
Uncommitted Alliances

7. Game Design Patterns for Goals

Alignment

Capture
Collection

Conceal
Configuration
Connection
Contact
Delivery
Eliminate
Enclosure
Evade
Exploration
Gain Competence
Gain Information
Gain Ownership
Guard

Herd

King of the Hill
Last Man Standing

8. Game Design Patterns for Goal
Structures

Asymmetric Goals
Committed Goals
Continuous Goals
Dynamic Goal Characteristics
Ephemeral Goals
Excluding Goals
Hierarchy of Goals
Incompatible Goals
Interferable Goals
Mutual Goals

Optional Goals

Player Defined Goals
Polyathlons

Predefined Goals
Preventing Goals
Selectable Sets of Goals
Supporting Goals
Symmetric Goals
Tournaments

Unknown Goals

9. Game Design Patterns for Game
Sessions

Agents
Analysis Paralysis

Asynchronous Games
Closure Points

Early Elimination
Game Pauses
Handles

Multiplayer Games
Persistent Game Worlds
Player Elimination
Quick Games
Real-Time Games
Reversability
Single-Player Games
Synchronous Games
Team Elimination

The Show Must Go On
Tick-Based Games
Time Limits
Turn-Based Games

8 Frasmus+
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Game Design Patterns for Game e Risk/Reward
Mastery and Balancing e Stimulated Planning
«  Achilles' Heels . gtrategic Knowledge
« Balancing Effects : Tgamrrr?g?l/ance
o Combos e Timin
o Dexterity-Based Actions . Tra degoffs
e Empowerment
e Game Mastery 11. Game Design Patterns for Meta
e Handicaps Games, Replayability, and Learning
e Limited Foresight Curves
: tlt?;::ed Planning Ability « Meta Games |
«  Memorizing . Extr?-Gabr?? Actions

, . eplayabili
* Paper.-Rock-Smss.ors . GaIaneZ‘, withyi/n Games
e Perceivable Margins
e Player Balance * Spectators
e Predictable Consequences * Extra-Game Consequ.ences
«  Puzzle Solving e Trans-Game Informatlon
«  Randomness e Smooth Learnlpg Qurves. .

. e Orthogonal Unit Differentiation

o Rhythm-Based Actions « Varied Gameplay
e Right Level of Complexity
« Right Level of Difficulty *
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Il. ALTERNATIVE APPROACHES TO DEFINE SERIOUS GAMES
MECHANICS.

When developing serious games, it is very important to balance learning and fun. For this
reason, it is necessary to develop a clear understanding of the game mechanics and how it
relates to relevant teaching and learning strategies. We have explored conceptual questions
about the nature of serious games and the relationship between game mechanics and
didactics, as well as the conceptual level at which they are connected. We have synthesised
the results of several studies and created a theoretical framework that links game mechanics
and learning and can help serious game designers in their efforts to create both entertaining
and pedagogically effective serious games.

From a gameplay perspective, certain aspects of games can provide clues as to where
pedagogical constructs might be represented in serious games (Suttie, 2012). Researchers in
the field of digital games have typically focused on genres, design patterns ( Bjork &
Holopainen, 2004), and game mechanics (Fabricatore, 2007). While none of the methods
discussed are perfectly suited to serious games, Suttie et al. believe that the user-centred
description of game mechanics provides an alternative to the game-centred representation of
design patterns and propose the Serious Game Mechanic (SGM) as a construct that defines
the relationship between a didactic method (learning mechanism) and a set of game
mechanics through which it is concretely implemented. They refer to game mechanics simply

as "tools of the game."

Learning mechanics is defined by Arnab et al. (2015) as "the dynamic operation of learning,
that we typically model relying on learning theories and pedagogical principles" In this context,
we use the term Serious Game Mechanics to identify the mechanical elements (in terms of
design approaches and tools) used in a serious game to ensure that it is fun and engaging
while meeting learning objectives. As described by Suttie et al. (2012), being aware of the
game mechanics behind a game can also help evaluate the learning strategies used within it.
By examining what constitutes the mechanics of serious games, apart from standard game
mechanics and design patterns, we approach a unified language for understanding and
replicating pedagogically effective serious games.

From the perspective of the game, certain aspects of the game can provide clues as to where
didactic methods might be represented in serious games.

Table 5, created by Suttie et al. (2012), presents a framework for game mechanics and

learning mechanics organized within Revised Bloom's Taxonomy. A more comprehensive

16
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account of GM and LM at each level of Revised Bloom's Taxonomy and their linkages at these

levels is presented in more detail in a paper (Menon & Romero, 2019).

Table 5. Game Mechanics and Learning Mechanics Framework organised on Revised
Bloom's ordered thinking skills (Suttie et al., 2012)

‘ Game mechanics Thinking skills | Learning mechanics

Design/editing Status Creating Accountability

Infinite gameplay Strategy/planning Ownership

Ownership Tiles /grids Planning

Protégé effect Responsibility

Action points Game turns Evaluating Assessment Reflect/discuss

Assessment Pareto optimal Collaboration

Collaboration Rewards/penalties Hypothesis

Communal discovery Urgent optimism Incentive

Resource Motivation

management

Feedback Analysing Analyse Identify

Metagame Experimentation Observation

Realism Feedback Shadowing

Capture/elimination Progression Applying Action/task Imitation

Competition Selecting/collecting Competition Simulation

Cooperation Simulate/response Cooperation

Movement Time pressure Demonstration

Appointment Role play Understanding | Objectify Tutorial

Cascading Tutorial Participation

information

Questions and Question and

answers answers

Cut scenes/story Behavioural Retention Discover Guidance
momentum

Tokens Pavlovian Explore Instruction
interactions

Virality Goods/information Generalisation Repetition
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Table 6. The LM-GM analysis based on Re-Mission game (Arnab et al., 2015)

Game mechanic

Learning mechanic

Implementation

Usage

Cut scene/story

Instructional

Pre-rendered videos

To explain gameplay mechanisms
via storytelling.

Cascading Guidance NPC Guide user through basic
information mechanics to complete an
activity.
Tutorials Tutorial Levels
Selecting/ Activity/project Power-ups Rewards/sense of empowerment
collecting Action/tasks Ammo
Movement Discovery 3D environment Immersion, interacting with
Problem-based interaction for control, content, eg, delivery of
solving fly-through/navigate medication
Capture/ Destroy cancer cells Prevent cancer cell multiplication
elimination
Time pressure To enhance activity, To highlight urgency
engagement
Protégé elfect Motivation Virtual patient response To relate player to game

External thinking
Responsibility

and conditioning:
governed by state if

character, ie, the patient such
that medication is not missed.

medication.
Feedback Feedback Level upgrading End of levels.

Prompts/cut scenes Motivation.

Player status Message reinforcement.
Behavioural Repetition Levels To trail multiple contingencies in
momentum Reflection order to cover a wide range of

potential treatment and pitfalls.

18



S
- Erasmus+

= Erasmus+ KA2, GAME-ED: Development of creativity skills by game-based learning methods in adult education, 2020-1-HU01-KA227-
GAME-ED ADU-094052, 2021-2023

Table 7. Learning Mechanics - Game Mechanisms mapping for serious games (Arnab et al., 2015)

[ oo
( Instructional 1 Guidance \ [ Behavioural Momentum ][ Role Play }
Demonstration J \ Participation J Action / Task J [ Cooperation ][ Collaboration J
( me:l:nllm:\n I Observation \ Feedback ] [ Selecting / Collecting ][ Tokens M Goods / Information ]
Question & Answer [ Cascading Information J{ Cut Scenes / Story J
Explore J ( Identify | Discover 1 [ Questions & Answers M Communal Discovery ]
'\. Plan jf Objectify ? ‘ Strategy / Planning ][ Resource Management M Pareto Optimal ][ Appointment J
| Hypothesis 1/ Experimentation / ‘ Capture / Eliminate J[ Tiles / Grids M Infinite Gameplay ]
‘, Repetition Game Turns J[ Action Points M Levels ]
| Reflect / Discuss I Analyse J Time pressure J[ Pavlovian Interactions M Feedback J
‘ Imitation | Shadowing l [ Protégé Effects } ( Metagame ]
| Simulation | Modelling / ‘ Design /Editing ][ Movement J{ Simulate / Response ][ Realism |
l Tutorial \ Assessment / Tutorial ][ Assessment J
i Competition ) : Competition
Motivation ] , Ownership Accountability J ‘ Urgent Optimism J{ Ownership
[ Responsibility 1 Incentive } ‘ Rewards / Penalties \]( Status }[ Virality ]
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Table 8. A Game map of Re-Mission game based on LM / GM (Arnab et al., 2015)

Repetition

\ (
@ Instructional @' Guidance

Demonstration Participation

l:d Action / Task ‘ Cooperation

Start Game

|
D Level Select/Briefing ®

f \
B NN\ e
N AR
S ( Collect items | ® ] 5 Z
@1’ \’®$dl'd/sclosw©/ L '(] s Z
Defeat Boss' =

® Feedback ©)
\ 5 /

K
Mission Complete / @

(7= Behavioural
((8)7 o
M Momentum

L

Role Play

Collaboration

Generalisation /

" R Observation
Discrimination

Question & Answer

([ Selecting / —
‘ f@ Feedback \ @ Collecting ] Tokens / Cards

) \/1_) Goods /
J A2/ Informatior

Cascading Information l(l

Cut Scenes /

/ J Story
Explore Identify Discover ‘ Questions & Answers l Communal Discovery
Hypothesis Plan Objectify ‘ Strategy / Planning Resource Management I Pareto Optimal
— ) ’/D Capture / [ W || T —r
xperimentation b Eliminate )\ es / Grids nfinite Gameplay

=

@v Repetition

Game Turns [@w Action Points l(D Levels

Reflect / Discuss

. . =
Analyse | (@) Timepressure [ Paviovian Interactions l\ 7)  Feedback
N\ ) N

Shadowing ‘ [@ rotege Effects l Metagame

Imitation
Simulation Modelling
@ Tutorial Assessment

Competition

@ Motivation @. Ownership

Design /Editing I Movement l simulate / Response

Assessment

1 ,
|
|

7 . ( P
f) Accountabili Irgent Optimism (9 Ownershi
I S ‘ ; J Q 5 =
— > = N po— =
=\ s O o O Rewards / 7= .
) I 7 © 5t Viralit
Q/ Responsibility (i Incentive ‘ ( Panaibios J \/) atus rality

20



- S8 Frasmus+
= Erasmus+ KA2, GAME-ED: Development of creativity skills by game-based learning methods in adult education, 2020-1-HU01-KA227-ADU-
GAME-ED 094052, 2021-2023

Table 9. Game-Based Learning for Universities and Life Long Learning classification (Dondi & Moretti, 2007)

Appropriate games/ | Number of

Learning objective Definition Features required
typology players

Presence of a content engine (information to recall, facts, dates, events,
places, major ideas, subject matter)

Presence of an assessment engine in order to test player ability . .
. . . ] Drill and practice
Memory/repetition/ Presence of engine that develops the game from the point of view of the .
. Factual knowledge . Quiz games One vs. PC
retention content, graphics, etc
. . Puzzle games
Increasing level of difficulty

Time factor is a constraint
Low level variation of the game set and situations

Availability of a set of easily understood instructions
The level of difficulty increases during the game from a ‘quantitative’
aspect

The game missions are repeated .
. . . Shoot'em up
. . The game is often a simple test of skills and reflexes .
Dexterity/spread/ Sensorial/ ch i< a fact Combat/fight games | One or
ance is a factor
precision/motoric dextrous knowledge . . Driving games one vs. one
Presence of a game engine (for the graphics) . .

. . Simulation games
Session-based games (when you lose you have to start again)

Great attention paid to the graphics details
Time factor is a constraint eye to hand coordination skills development
Immersive simulation

. Presence of a set of rules and instructions both well-defined and easily
Translate knowledge into

understood Sport games
. new context: use o L .
Applying concepts/ . . Possibility to adopt and apply the rules set in different contexts Action games
information use methods, . ] o One vs. PC
rules L Balance between reality and abstraction Driving games
concepts, theories in new . .
Turn-based games Drill and practice

situations .
Session-based games

21



8 Frasmus+

= Erasmus+ KA2, GAME-ED: Development of creativity skills by game-based learning methods in adult education, 2020-1-HU01-KA227-ADU-

GAME-ED

Table 8. (cont.)

094052, 2021-2023

Learning objective

Definition

Features required

Appropriate games/
typology

Number of
players

Decision making
(strategy + problem
solving)

Analysis of knowledge
based on problem solving,
prediction, drawing
conclusions, choice
making, reasoned
argument

Narrative-based game

Chance is a factor

Real-time game

Game situation divided into scenarios with specific goals relatively brief to
reach

Availability of documents that describe the situation in a detailed way
Accurate description of the problem

Real-time monitoring of the other player/opponents position and activities
Time factor is taken into consideration

Intrinsic games

Open-endedness

Background knowledge of content is vital to successful completion or
victory

Observational simulation

Strategic games
Adventure games
Role play games
Simulation games

Onein
connection
with other
players/
opponents

Social
interaction/values/cult
ures

Understanding the social
environment of others

Luck does not play a part

The game involves a degree of negotiation or coalition building
Reflection is a factor

Persistent-state game

Narrative-based game

Presence of tools for communicating and exchanging objects with other
players

Availability of a range of contexts

Game completion time is not particularly relevant

The level of difficulty is determined by the abilities of more than one player
rather than the software infrastructure

Feedback is relevant and detailed

At the end of the game the player can review his own strategy

Strategic games
Role play games
Simulation games

Many
players
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Learning objective

Definition

Features required

Appropriate games/
typology

Number of
players

Ability to learn/self-
assessment

Evaluation

Availability of evaluation tools

Engine sets different game scenarios every time

Availability of relevant documentation

Time factor is not a constraint

Persistent-state game

Presence of tracking tools and the facility to review previous steps
Presentation and Review of the result achieved

Questions to foster reflection

Highlights player's points of strength and weakness

The ability to learn is developed by increasing levels of difficulty and
availability of different choices

No place for luck

Good balance between action and reflection

Role play games
Simulation games

One
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lll. ANALYSIS OF VARIOUS BOARD GAMES IN TERMS OF THE
LEARNING AND EVALUATION MECHANISMS USED AND THE
ASSOCIATED GAME MECHANICS.

l11.1. Introduction

We analyzed several board games to identify the different learning and assessment
mechanisms used and the associated game mechanics, focusing on the different learning
levels according to Bloom's revised taxonomy. We selected the games previously presented
in the document The best practices in game-based learning methods in adult education, as
they represent examples of board games that stimulate adult learners' creativity. In analyzing
the games, the following steps were followed:

1. identifying the learning goal of each activity

2. determining the level of Bloom's revised taxonomy for each learning goal

3. determining the learning mechanisms for each learning goal and activity

4. determining the game mechanics used to support the learning mechanisms for each
learning goal and activity
determining the assessment mechanisms for each learning goal and activity
determining the game mechanics used to support the assessment mechanisms for
each learning goal and activity.

o w

Below we present a summary of the analysis of the 15 games. We focused on presenting the
learning and assessment mechanisms and the corresponding game mechanics according to
the different revised Bloom's taxonomy levels.

lll.2. Knowledge / retention level

At the knowledge/retention level according to the revised Bloom's taxonomy, i.e.,
memorizing or recalling facts, definitions, and lists, or recalling what is heard or read, learners'
activities are generally characterized by verbs such as defining, describing, repeating, locating,
linking, naming, numbering, reciting, narrating, and visualizing. The learning outcomes
associated with Bloom's lowest level, i.e., knowledge/retention, occurred in 6 games. At this
level, most learning mechanics related to understanding game instructions and exploring the
parts of the game (e.g., building a map with tile/puzzle discovery, selecting and reading cards),
role-playing (identifying with different civilizations/peoples), and motivation through
creativity, engagement, problem solving, and social interactions. The most common game
mechanic in terms of learning mechanisms at the knowledge/retention level according to
Bloom is role-playing, followed by cooperation between players, story building, and card
selection. The evaluation mechanisms occurred at this level only in a game in the form of a
simulation in which players used specific words from the cards, used characteristic features
of a character, and solved a problem from a folktale. One game mechanic that appeared in a
game related to the scoring mechanisms was collecting points.
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At the level of understanding according to Bloom's revised taxonomy, i.e., creating meaning
between different types of knowledge that can be represented in different ways, learners'
activities are usually indicated by verbs such as: commenting, categorizing, describing,
discussing, discovering, explaining, expressing, unravelling, collecting, identifying, labelling,
indicating. In 4 games, learning outcomes were related to Bloom's level of
comprehension/understanding according to Bloom. At this level, learning mechanisms related
to understanding the rules of the game (choosing and placing tiles, deciding when to use a
strength), role-playing, questions and answers, working in a team, and choosing
alternatives. The most frequently used game mechanic at the comprehension/understanding
level was role-playing, followed by strategy, tiles, time pressure, action points, cards, and
questions and answers. Assessment mechanisms occurred in two games this time. In one
case, it consisted of the game master observing and checking the players' moves, and in the
other case, it took the form of scoring. In both cases, the game mechanics referred to points
for scoring mechanisms, once related to building a civilization, the other time as rewards for
asking questions and giving answers, etc.

l1l.3. Application level

At the application level of Bloom's revised taxonomy, which refers to situations in which
learned content is used in products such as models, diagrams, presentations, interviews, and
simulations, learner activities are typically indicated by verbs such as: derive, manage, use,
compute, modify, complete, programme, display, explore, perform, edit, share, sketch. The
learning outcomes associated with the application level according to Bloom appear in 13
games. At this level, the focus is on the learning mechanisms of group work (improving
decision-making skills, completing a task), problem solving, communication in English, and
role-playing, but demonstration (storytelling) and action (exploration, etc.) also occur. The
most common game mechanics at the application level were cooperation and role-playing,
followed by problem solving and exploration. The following game mechanics occurred less
frequently: strategy, game rounds, storytelling, simulation, competition, progress,
movement, reward system, and clues. Scoring mechanisms occurred in two games and
consisted of observation (finding the correct word), using specific words/characteristics,
continuing the story, and awarding points. Game mechanics were related to the scoring
mechanism of earning points.

lll.4. Analysis level

At the level of analysis according to Bloom's revised taxonomy, i.e., decomposing content
into its constituents or elements, identifying the relationships between them, and how they
relate to each other, learners' activities are usually indicated by verbs such as: advertise,
judge, attribute, disassemble, contrast, compare, identify, infer, find similarities and
differences, explain, illustrate, connect, combine, order, outline, highlight, structure, survey,
and so on. In the games studied, the level of analysis is dominated by activities that require
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learners to collaborate, plan, think strategically, reason, and draw conclusions. Thus, the
learning mechanisms are dominated by observation, decision making, discussion, and
judging whether a particular move is appropriate and necessary and how it affects the rest of
the game. In games, it is also often necessary to distinguish between different phases and to
go and adjust the knowledge based on the available information. One of the more common
learning mechanisms was planning, which was present in almost all the games analyzed, as
learners often plan activities in advance during the game and try to simulate further actions
in the game. In addition to planning and analyzing the situations in which learners find
themselves in the game, they experiment with tactics and observe the actions of the
opponent, which also serve as feedback for the learners. In the selected games, learners often
also had to observe and draw or outline the consequences of the actions performed (e.g.,
monitoring different variables in the game, such as space, time, points, possible movements).
The selected games also frequently emphasized collaboration in terms of analysis, as most
games involved collaborative activities or group work. Thus, in each move, learners analyzed
the problem and discussed the next steps. In terms of the learning mechanisms described,
the games used a variety of game mechanisms. Since many of the games were based on
collaboration and group problem solving, one of the most commonly used game mechanisms
was cooperation. The games were also based on competition and the associated planning
and strategizing. The competitive aspect of the games was often enhanced by time
constraints. Games that included a game board and cards or tiles also included analysis-level
game mechanisms such as placing and moving tiles, selecting, and collecting cards, and other
game values. Some of the games were based on narratives, and in such games the game
mechanics of conversation and role-playing became more prominent. In several games that
emphasized competition, learners' performance depended on the points they scored in the
game. As mentioned earlier, many of the assessment activities in the analysis phase were
based on earning points for each move played. Activities aimed at monitoring and assessing
learners' knowledge include various observation and counting activities (e.g., observing
content created, game positions, counting goods collected, etc.), activities to evaluate moves
played, measuring the effectiveness and efficiency of strategic decision making and planning
through wins/losses or other rewards, achievements, and penalties.

l11.5. Evaluation level

At the level of evaluation according to Bloom'’s revised taxonomy, i.e., the critical evaluation
of ideas, arguments, solutions, products, materials, and methods based on criteria, learners'
activities are usually indicated by verbs such as: reasoning, evaluating, verifying, critically
evaluating, commenting, persuading, discovering, hypothesizing, judging, justifying,
measuring, moderating, monitoring, predicting, revising, scoring, testing, etc. In some of the
games we reviewed at the evaluation level, we noticed an additional player, called "the game
master (GM)". This is the player in the game who moderates the game, controls it, critically
judges the solutions of the other players, measures and scores the success or effectiveness
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of the players' moves. The role of GM and evaluation activities is particularly pronounced in
role-playing games. The learning mechanisms were evident in individual games, requiring
learners to set hypotheses and reflect on and discuss their chosen assumptions. The game
mechanics used by the game developers to support the promotion of the learning objectives
at the evaluation level were self-evaluation, discussion, social discovery, reflection, role-
playing, and reward. In terms of assessment mechanisms, self-evaluation and peer
assessment were also prevalent in the games and were supported by game mechanics such
as scoring, rewarding, and giving feedback.

l11.6. Creation level

At the level of creation according to Bloom’s revised taxonomy, which means the integration
of parts and elements into a new whole and the reorganization of elements into a new pattern
or structure through generalization, planning, and elaboration, the learners' activities are
usually denoted by verbs such as: adapting, animating, collaborating, assembling, planning,
designing, developing, devising, inventing, leading, creating, recreating, negotiating, role-
playing, simulating, solving, and co-creating. Creation and learning and related game
mechanics to support creation appeared in all games analyzed. Collaboration and co-creation
of outcomes were the most frequent learning mechanisms in the selected games. In several
games, learners had to develop new solutions by creating code that solves a given problem
situation; design or create a solution to a given problem situation. They created their own
characters; they wrote and told different stories in response to the problem situations; they
designed different strategies to play and build their own civilizations; they also built
relationships with each other while playing games in a group; they played different roles that
required them to synthesize different pieces of information and combine them into a new
whole; they planned and performed different activities, such as a performance show. Thus,
collaboration, cooperation, and role-playing were the most commonly used game mechanics
to support the learning mechanisms at the creativity level. This was followed by storytelling
and design, which in several cases was supported by strategy, planning and the possibility of
redesign. Some in-game activities were also used to assess skills at the creativity level. In most
cases, assessment was done through observation techniques and counting/measurement.
To support the knowledge assessment mechanisms, the developers designed game
mechanics that emphasized scoring, solution design, reward, and punishment.

l1l.7. Conclusions

After reviewing the selected games, we can summarize that we were convinced by the
comprehensive treatment of different learning objectives in the selection of the games. The
games include both activities (and associated learning and game mechanics) that promote the
development of lower-level skills according to Bloom's revised taxonomy (memorizing,
reasoning, synthesizing) and activities (and associated learning and game mechanics) that
undermine the development of higher-level skills according to Bloom's revised taxonomy

27



8 Frasmus+

= Erasmus+ KA2, GAME-ED: Development of creativity skills by game-based learning
GAME-ED methods in adult education, 2020-1-HU01-KA227-ADU-094052, 2021-2023

(analyzing, evaluating, and creating). Thus, when we design our own game, we need to
incorporate learning and game mechanics at different levels of Bloom's revised taxonomy in
a balanced way and make sure that the learning and game mechanics at the creation level are
motivating and not too demanding. Based on the review of the selected games, it is also
necessary to consider the meaningful inclusion of cooperation and interdependence between
players, with a balanced level of competition that is motivating to learners. In designing the
games, sufficient emphasis must be placed on assessing or monitoring the skills acquired. In
the selected games, this is solved in some cases by the inclusion of an additional player, a
supervisor or 'game master', as well as the activities of continuous collection of points, goods
and a system of rewards and punishments.
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