Cognitive training games and
motivation: a human factors and
ergonomics perspective

Carlo Fabricatore

Pro-Social Immersive Technologies ( PSiT) incubator
School of Computing and Engineering, University of Huddersfield

Michael P. Craven
NIHR MindTech Healthcare Technology Cooperative
Institute of Mental Health, University of Nottingham
www.mindtech.org.uk @NIHR_MindTech

CareGiversPro  -MMD_ Workshop for Technology
Projects in  Dementia Care, Hull, UK. 27 -01 -2017

[glolle


http://mindtech.org.uk/
https://twitter.com/NIHR_MindTech
http://caregiversprommd-project.eu/

The perspective: ergonomics
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Elements. Who is in the system? What is
in the system?

Relationships. How are system elements
related? How do they influence each other?
What is their function?

Purpose. What are the purposes of
individuals within the system?
Improvement. How could everything
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The oprotagoni sto

Physical
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Affective
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Engagement

Background
Culture; personal history; etc.

Preferences and inclinations

o

Roles and responsibilities

8 Analysis of present, past and prospective  capabilities and identity
aspects that could influence activity engagement and outcomes
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OActi vityo through the
engagement
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Whyé

8 Integrative analysis of activity context , process and motivation drivers
that could influence activity engagement and outcomes

8 Focus on interrelated activity elements and contexts defining the
meaningfulness and appropriateness of activity (or lack thereof)

§ Activities do not exist in isolation! Focus on systems of activities ¢é



Motivation as key driver of engagement

Intrinsic  motivation

OThings6 are done by free choice beca
(e.g. watching a movie; playing a g

Extrinsic motivation

0Thingso are done because they are me
objectives oOexternal 6 to the a

(e.g. working to earn a salary; playing a game to improve health )

Internalisation & integration of extrinsic motivations

Extrinsic motivations oappropriated?©
embraced as personally significant
(e.g. playing a game to improve health because its importance is understood)



vastery & control of Self -Determination Theory

outcomes of oneods
interactions with the

environment Competence
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fulfilment

. realisation

Relatedness Autonomy

Interact with, be
connected to,
~ care for others

OFreedom
control over

J one's own life

[ Intrinsjc J Internalization
motivation and integration

Contextual factors that support or thwart intrinsic motivation and

Internalization/integration of extrinsic motivations
(e.g. provisions for choice, non  -controlling environment, use of rewards, self
monitoring and self -organization of performance, relevance of rewards, etc )



Ergonomics -driven insights

Who participates in an activity?  How ? Why?

How appropriate is the activity? For the main
actor(s) ? For other participants ?

How meaningful is the activity? For the main
actor(s) ? For other participants ?

What about interpersonal interactions triggered
by an activity (e.g. a game; a crafting activity)
but happening outside the activity?

What assumptions underpin the design of an
activity?
Reference conceptual framework:

Sense of Coherence ( Antonovsky & Sagy, 1986)

Self-Determination Theory (Deci & Ryan, 10985; Ryan &
Deci, 2000)

Activity Theory ( Engestrom , 1999; Bedny , Karwowski
Bedny, 2001)
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Gaming with a purpose

Games as activity systems

Organised interaction processes aimed at the fulfilment of
goal sé

Overcoming chall engesé
|l nteracting with gameplay tokensé

Based on mechanics governing player interaction, progression
and non -player controlled events

Design for the purpose beyond leisure
Activity systems designed to fulfil healthcare requirements
Design for engagement

Activity system designed to trigger and sustain player affective,
cognitive and behavioural involvement

Healthfulness requirements vs. engagement affordances

Importance of voluntary engagement and adherence for game -
based interventions



Introduction to Cognitive Training

Aimed at older adults

Exercising cognitive functions
Planning
Reasoning
Memory
Mathematical ability

Evidence

RCT showing significant improvementin  instrumental
activities of daily living (IADL) in adults over 60 and

benefits in adults over 50 on from weekly playing of online
games, incl. adults with low  baseline reasoning score.
(Corbett et al., 2015)

Evidence of benefits from cognitive stimulation and
computer/internet use in general (Garcia -Casal etal., 2016)



Game element study

Examine two ( Purpose A

games & Determine and . ™
draw out contrast range of Inform

game mechanics used % improved game
mechanics - / design
(interaction ~ ™~ Assessment of

& Method elements used
progression) Use SDT framework and potential for
and to extract motivation & improvement
contextual related aspects

features \_ Y. \ /

Craven & Fabricatore (2016), Game features of Cognitive Training , Proc. iTAG 2016 (IEEE Press)




Protect

Game 1: Protect BTS
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study 6 Mini games

Tower of London

Transfer sweets between
the jars until you match
the answer

PLAY NOW I

Times played: 52 Total time: 2h 35m
Last played: 24/05/2016 Bestscore: 51

0dd-One-Out

Spot the odd-flower-out
y& amongst a group of similar
9

looking flowers

ey
WA

PLAY NOW I

Times played: 44 Total time: 2h 12m
Last played: 21/05/2016 Bestscore: 130

Loop the Loop

Draw a loop around a grid

alongside each box with
numbers inside the box

iSimimi
g@g@g@ﬂ to match number of lines
19181981

PLAY NOW I

Times played: 54 Total time: 2h 42m
Last played: 24/05/2016 Bestscore: 15

- Balloons

Calculate the answer to
the question on the ballon

4 EREDED | before it bursts
(@[5 [0}
GAEDED
Lowee, e
- PLAY NOW P
Times played: 15 Total time: Oh 45m

Last played: 21/05/2016 Bestscore: 47

protectstudy.org.uk

Slider

Move tiles within a grid
until the numbers appear
in the correct sequence

PLAY NOW P

Times played: 50 Total time: 2h 30m
Last played: 24/05/2016 Bestscore: 74

See-Saw

Woark out which object is
the heaviest by looking at
the arrangement of objects
on See-saws

PLAY NOW b

Times played: 35 Total time: 1h 51m
Last played: 21/05/2016 Bestscore: 53

Crates

Remove crates on the
left-hand side to match the
pattern on the right-hand

side
PLAY NOW P

Times played: 58 Total time: 2h 54m
Last played: 24/05/2016 Bestscore: 271

Card Pairs

Remave matching pairs of
cards until you have
cleared all the cards

PLAY NOW ¢

Times played: 24 Total time: 1h12m
Last played: 24/05/2016 Bestscore: 75

t Exampleanini -gjame -
Planning task

Tuwer of London vi.z.0

Instructions

Move the sweets between the top jars to
match the jars below. Click on the sweet
you want to move, then click on the jar
you want to move it to. Keep moving the
sweets until you get the two sets of jars to
match.

Start game

B rower of London vi.z2.0 m

Score: 000

A Equally timed

mini -games
Score based
on number of
successful
rounds in 3
minute
Stepped
difficulty
based on
historical
performance



Game 2: Wii Big Brain Academy

Wii Big Brain Academy
TV games console

Hand -held wireless remote
controller

Point and click interaction
O0School 8 cont ex

5 game categories to choice
from

3 difficulty levels in each
category

Scores based on accuracy &
speed

4 medal types
Leaderboard W
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Game
Features

>

Feature analysis

Interaction
mechanics

Progression
Mechanics

Contextual -
Isation

e.g.
A Interaction requirements

A Device & operation

A Media/ Communication

A Game Completion Conditions

e.g.
A Challenge
A Rewards

A Encouragements

e.g.
A Narrative
A Character customisation

A Social



Analysis over multiple plays

B stider vig.0 - Score: 018
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Histogram of Scores Score over time
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Evidence of challenge progression Interacting
with reward progression?



