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Abstract. In this work, we present a case study, examining the design,
development, and evaluation of an Augmented Reality serious game for
cognitive screening (namely Smartkuber), which aims to provide reliable
and motivating cognitive screening for the elderly. This case study can be
of interest for the game designers and researchers, allowing them to build
on previous experiences and lessons learned. Smartkuber’s development
process took place in four stages: 1) analysing the state of the art and defin-
ing characteristics, 2) setting up and examining the interaction method,
3) adding and evaluating the game content, and 4) evaluating cognitive
screening performance and future direction. The ”lessons learned” around
the design and development of serious games for cognitive screening are
discussed, with focus on Augmented Reality, interaction, test validity, and
game motivation aspects.
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1 Introduction

Best practices in dementia care emphasise the importance of early detection;
yet, cognitive impairment is still under-recognised and under-diagnosed [30, 34,
10]. Early diagnosis has many benefits, providing an explanation for changes in
behaviour and functioning and allowing the person to be involved in future care
planning [30].

Cognitive screening represents the initial step in a process of further assessment
for dementia and can help identify potential cases for management, thus leading
to early diagnosis. Screening for dementia is usually accomplished by means of
a global cognitive scale through cognitive tests (such as the Mini-Mental State
Exam [9] and the Montreal Cognitive Assessment [28]). However, the existing pen-
and-paper screening tests present certain intrinsic limitations, i.e. culture, gender,
and educational biases, long test-rest periods (usually one month or more), ” white
coat” and learning effects and the user’s potential lack of motivation [4, 30, 33].
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Fig. 1. The schematic of the ”serious games for dementia” taxonomy, as published in
[26].

Serious games for cognitive screening may be an alternative to traditional,
pen-and-paper and computerised cognitive screening tests, potentially motivat-
ing and engaging the player to regularly perform cognitive screening tasks; thus,
increasing the recognition of cognitive impairment, triggering referral for a more
comprehensive assessment and leading to earlier detection [4, 36]. Taking as a pre-
requisite that the games’ content consists of accredited cognitively stimulating ex-
ercises, serious games for cognitive screening can be validated against established
tests used in clinical practice and provide the player with constant monitoring of
his/her cognitive health [4,23, 37].

In this work, we present a case study, examining the design, development, and
evaluation of an Augmented Reality (AR) serious game for cognitive screening
(namely Smartkuber), which commenced in 2012 and aims to provide reliable
and motivating cognitive screening for the elderly. The case study describes in
detail the software release life cycle of Smartkuber (Alpha, Beta, and Release
Candidate version) and can be of interest for game designers, game developers,
and researchers of the Serious Games and Augmented Reality fields, allowing them
to build on previous experiences and lessons learned.

The Smartkuber’s design, development and evaluation processes are described
in the following sections (Sections 2 - 6), leading to the ”lessons learned” of Section
7.

2 Analysing the state of the art & defining characteristics

The analysis of the state of the art was a significant, first step in order to identify
the research gaps and best practices for us further defining the proper game
characteristics, which the developed game should have in order to achieve the
desired cognitive goals. A literature review of dementia-related serious games [25]
and a taxonomy of serious games for dementia [26] (Fig. 1) took place, at that
stage and several important observations were made, ranging from the content of
the games (e.g. interaction methods and problems, platforms, cognitive tasks, et
al.) to their context, thus to generic conclusions regarding the health functions



The Smartkuber case study: Lessons learned 3

Fig. 2. Testing the interaction technique of an early version of Smartkuber through a
pilot study.

and health uses that they serve (e.g. most games were serving preventative and
rehabilitative cognitive purposes, less educative games, no assessing games).

Based on the findings, the project was decided to focus on the cognitive func-
tion of the players, serving preventative and assessing purposes and covering the
preclinical stages of cognitive impairment. The technical details of the existing
systems were documented and analysed in order to form the basis for chosing our
system’s interaction method [25].

3 Setting up & examining the interaction method

The interaction technique of the game was based on the examination of the state
of the art, in combination and alignment with our desired goals. We required that
the technical infrastructure of the game - supplementary to the game content
- would be able to stimulate the elderly players cognitively, while taking into
consideration their specific interaction needs [24, 14, 16].

After examining the related research, the interaction technique of the system
was chosen to be based on the manipulation of tangible objects, i.e. cubes, and the
use of the Augmented Reality (AR) as the underlying technology (i.e. Tangible
Augmented Reality [2]). AR was utilised in the project since it can be beneficial
for mental processes, supporting spatial cognition and mental transformation and
reducing cognitive load by minimising attention-switching. Moreover, AR can
evoke the initial engagement of the player utilising the “wow effect” and utilise
a variety of sensors, allowing the recording of valuable secondary data related
to the users’ motor skills. The cubes were chosen as an interaction component
because of their properties as accredited assistive tools for occupational therapy
[29], cognitive training [13, 11], cognitive assessment [31], and motor rehabilitation
[11]. The game element that is associated with the cube, makes them appealing to
a wide target audience - ranging from children to elderly players [13, 35, 1]. In our
case, the cubes provide also a promising platform for augmentation with various
gaming “skins” [3].



4 Costas Boletsis, Simon McCallum

Table 1. The usability, game design, and technical requirements for the cognitive screen-
ing game [5].

Requirements
1. |Interface elements (e.g. menus) should be easy to understand.

The necessary information should be communicated across the expected range
of user sensory ability (highlighting/differentiating elements, maximising legi-
bility, et al.).

3. |The system should be simple to use, easy to learn and used individually by
the player.

4. |The interface actions and elements should be consistent, protecting the users
from errors.

5. |The screen layout, colours and interaction components should be appealing to
the player.

6. |The system should capture an instance of the player’s cognitive status, ad-
dressing a wide range of cognitive and motor skills.

7. |The system content should record the player’s cognitive performance on a
frequent /iterative basis.

8. |The game content should be automatically or randomly generated in every
gaming session.

9. |The game should engage and entertain the player over time by utilising the
appropriate game mechanics.

10. |Cross-platform (mostly Android, iOS) gaming should be supported.

The Alpha version of Smartkuber focused on interaction aspects and included
two demo mini-games. The implemented interaction technique featured the player
sitting at an office, playing the game on a tablet PC by manipulating AR cubes,
which are placed on the actual desktop. The whole system was quite portable;
it consisted of 9 cubes of 3,5 cm/edge, a tablet PC and a base stand, which the
player could adjust according to his/her position, in order to have clear view of the
desktop, where he/she would interact with the cubes using both hands (Fig. 2). In
order to utilise and test the interaction technique, we developed two demo mini-
games. Those games were designed so as to implement two different gaming and
interaction styles, that would allow us to witness the player’s performance under
two different conditions. The first game was a word game, where the player should
use 9 letters (displayed as 3D models on the cubes) to form as many words as
possible within 5 minutes. The second game was a speed/shape-matching game,
where the player should match simple shapes (cube, sphere et al.) of different
colours as quickly as possible. The first game favoured a more focused and calm
interaction, whereas the second game favoured fast movements [3].

A pilot study with the Alpha version of Smartkuber and regular players was
conducted in order to study the interaction with the AR cubes, aiming at im-
proving the system for later testing, thus safeguarding the elderly players [3]. The
study was exploratory in nature, looking for interaction problems, specific user
behaviours and it was based on direct observation and semi-structured, informal
interviews. The study led to the discovery of several AR technology-related limi-



The Smartkuber case study: Lessons learned 5

Fig. 3. The real world view (left) and the augmented view, as seen on the tablet PC
screen (right). A screenshot from “Shape match” with all the cubes on scene (upper
part) and a success message after a correct shape match (lower part).

tations, like the marker occlusion problem, AR lagging, losing depth perception,
and dealing with limited 3D AR gaming space [3].

The technical issues would be addressed in the next version of the game, where
the game content would also be added.

4 Defining system requirements

The examination of Smartkuber’s Alpha version gave us a better overview of
the future technical and interaction needs of the system. Therefore, while started
working on the Beta version and adding the game content, we considered the
establishment of the system requirements to be an important and necessary action
for guiding the following game design and development processes (Table 1). The
system requirements originated from our observations and findings regarding the
Alpha version of the game, as well as from the set project objectives: (1) the game
should be an entertaining game that can stimulate the cognitive abilities of the
players for screening purposes, (2) the game should target elderly players, and (3)
the game should adopt the positive characteristics of the widely-used screening
tests and address the negative ones.

The establishment of the system requirements, very early in the Beta version
of the game, facilitated the design of Smartkuber and served as a guide and a
checklist, which we would use to stay ”on target”.

5 Adding & evaluating the game content

Following the system requirements, the game content was added and the Beta
version of Smartkuber (working title: CogARC) was developed and evaluated [5]
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address [5].
Title Goal Cognitive abilities
Shape Match same shapes Perception, Attention, Executive func-
match tions: Flexibility, Response Inhibition
Colour Match one word’s meaning|Perception, Visual Processing, Attention,
match to another word’s colour Motor Skills, Executive functions: Flexibil-
ity, Response Inhibition
Sum tower|Use the numbers to create|Motor Skills, Executive functions: Problem
the desired total sum Solving, Decision Making
Building |Find the answer to simple|Motor Skills, Executive functions: Problem
blocks arithmetic calculations Solving, Decision Making
Pattern  |Memorise a 3x3 matrix pat-|Attention, Visual and Spatial processing,
memory [tern of coloured tiles and|Motor Skills, Executive functions: Working
recreate it Memory
Word Use letters to form as many|Language Processing, Motor Skills, Exec-
game words as possible utive functions: Problem Solving, Decision
Making, Working Memory

(Fig. 3). A mini-game architecture was followed in order to address a spectrum of
cognitive abilities. Six mini-games were designed and developed with the valuable
help of the team’s neuropsychologist (Table 2). The mini-games scoring compu-
tation formula was related to the successful completion of the cognitive task and
inversely related to the level-completion time. Therefore, the player’s game ob-
jective was to complete the cognitive tasks of the mini-game levels correctly and
as fast as possible, to score more points. Leaderboards were also implemented
to utilise the Competition game mechanic. Furthermore, the game mechanics of
Challenges, Feedback and Rewards were also utilised, by using points (Reward),
cognitively stimulating cognitive tasks as game levels (Challenges) and messages
about the player’s performance (Feedback). The levels of the mini-games were
randomly generated to address and minimise the learning effects. The difficulty
level of the game tasks was uniform and at a moderate degree for all the mini-
game levels, in order for the system to be able to establish a player-specific scoring
baseline and detect changes in scores over time, for screening purposes. The user
interface (UI) design of Smartkuber’s Beta version was specifically designed for
elderly players and was based on the principles of simplicity and intuitiveness [5].

A usability and game experience testing was conducted as part of the game’s
quality assurance process [5]. The testing was focused on qualitative observations,
investigating the game experience that the Beta version of the game offered (using
the in-Game Experience Questionnaire [18-20]), the usability of the system (using
the System Usability Scale [8]), as well as on documenting the players’ specific
remarks (using open, semi-structured interviews). The goal of the usability and
game experience testing was to identify any usability problems and determine
the players’ satisfaction with the game. A convenience sample of five healthy,
older adults (n = 5, mean age: 67.6, SD: 5.77) participated in the testing. The
results showed that some AR issues of the previous stage, such as the loss of the



The Smartkuber case study: Lessons learned 7

Fig. 4. The Smartkuber game setup [7].

depth perception and lagging problems, remained. Furthermore, there was a mixed
perception of the reality-virtuality space by the elderly players (i.e. perceiving the
markers as AR game content), leading to confusion, and also three mini-games
presented interaction and content issues. However, cubes were considered by the
players to be a suitable component.

The outcomes of the testing would form the Release Candidate (RC) version
of the game [7] (Fig. 4). Redefining the role of the utilised AR technology in the
Reality-Virtuality spectrum and redesigning the game content were among the
issues that were addressed. The Tangible Augmented Reality implementation -
so far - was borrowing elements from Mediated Reality. The game interaction
technology ”moved” towards the Reality spectrum on the Reality-Virtuality Con-
tinuum [27] and the main part of Smartkuber’s interaction and its game content
were placed at the real world. Augmented Reality was utilised solely for real-world
recognition and for verifying the correct, real-world game tasks.

The interaction technique and its components were also adjusted [7]. The RC
version of Smartkuber utilised just 6 cubes of 4.4 cm/edge with game content on
every side (e.g. letters, numbers, colours, faces, shapes) (Fig. 4). The tablet base
stand was removed as an interaction component and the game tasks are performed
by the player getting the instructions on the tablet PC and then leaving it aside to
manipulate the cubes - using both hands - in order to form the right answer. The
RC version followed a linear gameplay and two mini-games were “killed” since
they did not perform well at the evaluation of the Beta version. A basic narrative
was added for every game task. The mini-games of the RC version of Smartkuber
are presented in Table 3 and can be seen in Fig. 5.

To evaluate the game experience that the RC version of Smartkuber offered, a
game experience study was conducted utilising the in-Game Experience Question-
naire (iIGEQ) [7]. The game was tested under realistic conditions, therefore the
participants were allowed to take Smartkuber with them and play it at their own
place of will (e.g. home, office, et al.), for as many sessions as they wanted, within
a period of 6 weeks. Thirteen elderly players (n = 13, mean age: 68.69, SD: 7.24,
male/female: 8/5) completed 244 Smartkuber gaming sessions over the period of
6 weeks (mean number of sessions/player: 18.77, SD: 2.68). The measurements
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Table 3. The mini-games of Smartkuber (Release Candidate version) and the cognitive

abilities they address [7].

Title Goal

Cognitive abilities

Recon-
struct the
flag

The player has to memorise
the flag and use the cubes to
reconstruct it

Attention, Memory, Motor Skills, Execu-
tive functions: Working Memory, Flexibil-
ity, Response Inhibition

The player has to memorise
the friend’s faces and use the
cubes to form the right pair
of friends

Reconnect
old friends

Attention, Memory, Motor Skills, Visual
Processing, Executive functions: Working
Memory, Flexibility, Response Inhibition

form the right answer

Repeat The player has to memorize|Attention, Memory, Motor Skills, Visual
the a shape pattern and use the|& Spatial Processing, Executive functions:
pattern cubes to form it Working Memory, Flexibility, Response In-
hibition
Numerical |The player has to do a nu-|Attention, Memory, Motor Skills, Execu-
calcula- |merical calculation and use|tive functions: Problem Solving, Decision
tion the cubes to form the right|Making, Working Memory, Flexibility, Re-
answer sponse Inhibition
Find the |The player is given a word|Attention, Memory, Motor Skills, Lan-
word quiz and uses the cubes to|guage, Executive functions: Problem Solv-

ing, Decision Making, Working Memory,

Flexibility, Response Inhibition

revealed a high level of players’ cognitive involvement with Smartkuber. They
also showed that the players felt skilful enough while playing Smartkuber, though
the difficulty level may have needed further tweaking to challenge the players
more. Finally, the players demonstrated high values of positive and low values
of negative feelings, thus potentially highlighting the entertaining and motivating
nature of Smartkuber and the suitability of its UI and interaction technique for
the elderly players [7]. The same study also explored the test validity of the game,
which is described in the following section.

6 Evaluating cognitive screening performance & future
direction

The described quality assurance process of Smartkuber produced a promising and
valuable instrument, which should be further examined for its validity as an as-
sessment tool. At this stage, the evaluation of the cognitive screening performance
of Smartkuber (RC version) took place by investigating the game’s construct, cri-
terion (concurrent and predictive), and content validity, assessing its relationship
with the MoCA screening test [7]. For examining the concurrent validity, the
correlation between the Smartkuber scores and the MoCA scores was calculated
(using the Pearson correlation). The predictive ability was assessed by the lin-
ear regression, which modelled the relationship between the MoCA scores and
the Smartkuber scores, focusing on the prediction of the MoCA score using the
Smartkuber score. Content validity was assessed by the individual Smartkuber
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O

Fig. 5. The 5 mini-game levels of a Smartkuber gaming session (tablet PC view), their
solutions (AR view), and the endgame screen - leaderboard (tablet PC view).

mini-games scores with the MoCA scores (Pearson correlation), as well as the
calculation of a learning-effect-related measurement, namely Delta score, i.e. the
score difference between the mean total score of the 20% last sessions minus the
mean total score of the 20% first sessions of each player. Paired samples T-test
was used to evaluate the significance of the Delta score.

As mentioned above, 13 participants were recruited for the correlational study
[7]. Regarding experience with technology, all the participants (n = 13) were using
a laptop or desktop PC and at least one mobile device (tablet, smartphone, or
e-reader), while 69.2% of them (n = 9) were also using a second mobile device.
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Table 4. Correlations between the Smartkuber mini-games and MoCA total scores [7].

#1: #2: #3: #4: #5: Total
Reconstruct|Reconnect |Repeat Numerical |[Find score
the flag old friends |the pattern|calculation |the word
MoCA
Visuospatial [0.74%* 0.73** 0.64* 0.54 0.49 0.63*
Naming 0.52 0.68* 0.82%* 0.68%* 0.79** 0.75%*
Attention 0.54 0.64* 0.68* 0.56* 0.61%* 0.64*
Language 0.61* 0.65* 0.52 0.67* 0.50 0.60*
Abstraction |0.34 0.47 0.61%* 0.43 0.32 0.45
Del. recall |0.18 0.15 0.11 0.08 -0.04 0.08
Orientation |0.57%* 0.68** 0.71%* 0.79%* 0.87** 0.78**
Total score |0.76** 0.85%** 0.83** 0.79** 0.70** 0.81**

*p < 0.05, **p < 0.01

All participants successfully completed the two-month period playing the game
at an open and free rate. The statistical results were the following:

— 244 gaming sessions (mean number of sessions/player: 18.77, SD: 2.68) were
recorded from the 13 participants.

— The Smartkuber mini-games’ scores demonstrated a high level of internal
consistency (Cronbach’s alpha = 0.84).

— The correlational study revealed a high, significant correlation between the
Smartkuber mean total scores and the MoCA total scores (r[11] = 0.81, p =
0.001) and it also demonstrated a high statistical power of 0.95. The correla-
tion between the Smartkuber mean mini-games/total scores and the MoCA
subtests/total scores are described in Table 4.

— Smartkuber mean total scores (8 = 0.007, p = 0.001) were significant predic-
tors of MoCA scores, explaining 62.1% of MoCA total score variance, when
controlling for age, education, gender, frequency of technology use and video
gaming (S = 1.35, F[1,12] = 20.70 with p = 0.001).

— The Delta score differences were not statistically significant (p > 0.05) for any
of the players.

The correlational study provided important insights on the utilisation of the
Smartkuber game as a cognitive health screening tool for elderly players [7]. The
Smartkuber scores - both totally and individually - revealed significant corre-
lations and high concurrent validity with the MoCA scores, while demonstrat-
ing a high value of internal consistency. The significant correlation between the
Smartkuber total scores and the MoCA scores likely reflected the cognitive de-
mand of the tasks, addressing the visuoperceptual, attention, working memory,
language, motor and inhibitory response skills of the players and suggesting they
tapped into the cognitive domains screened by the MoCA test. Regression results
indicated that Smartkuber total scores were significantly predictive of MoCA total
scores after adjusting for demographics. The Delta scores showed no significant
difference in scoring between the first and the last players’ sessions and all the
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Fig. 6. The functionality of the Cognitive Passport database [6].

players managed to demonstrate steady game performances. Therefore, the re-
sults revealed no learning effects during the Smartkuber game sessions, implying
that the iterative gameplay of the cognitive screening game instrument did not
rely on or affect the players’ short-term memory.

The future direction of Smartkuber take many forms:

— The use of Smartkuber as the main part of a gaming system for cognitive
screening and sleep duration assessment of the elderly is a direction which
is currently under examination [6]. Smartkuber is used in combination with
a smartwatch to record performances related to cognitive performance and
sleep quality, which is another indicator of cognitive decline. A pilot study
focusing on technical and usability issues has already been conducted, to that
direction. The ultimate goal of this direction is a system that will triangulate
its measurements (by measures of cognitive skills, motor skills, and sleep du-
ration/stages) in order to trigger reliable referrals for a more comprehensive
assessment [6].

Another direction can be the development of the ” Cognitive Passport” (com-
ing from the concept of the Biological Passport [32]), i.e. a database where
the game performance (and potentially the sleep stages, and the sleep du-
ration measurements from the smartwatch device mentioned above) of each
player is stored (Fig. 6). The database will constitute the players’ user profiles
with the player’s cognitive-related measurements and performance, over time.
The Cognitive Passport will set each player’s baseline performance and pro-
vides the opportunity to detect changes related to the individual performance,
rather than just measuring performance against population means.
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— A long-term direction is a Smartkuber game for kids targeting entertainment
and learning, as well as a Smartkuber game of dual identity, targeting trans-
generational play and grandparents playing along with their grandchildren.

7 Lessons learned

Through the Smartkuber project - and so far - we have learned a few valuable
lessons, which could be generalised and be of use for serious game designers, AR
developers, and researchers:

— Serious games have great potential as motivating, valid measures of cogni-
tive performance and evaluating their test validity is a promising research
field. In this context, test validity refers to the serious games being evaluated
and developed with a combination of subjective assessments and correlational
studies, which demonstrated that they successfully assess cognitive perfor-
mance [22]. So far there are many works examining the experimental validity
of serious games for cognitive training, referring to treatments or interventions
that impact cognitive-related outcomes. The test validity of cognitive serious
games can act supplementary to their experimental validity, thus creating a
strong defence line against cognitive impairment. The examination of the state
of the art [25, 26] showed that there is a promising, unexplored, research space
for serious games as entertaining, motivating, and valid measures of cognitive
performance and this project demonstrated positive results about it.

— Tangible Augmented Reality is a technology that can be suitable for the el-
derly and can help bridging the technology gap between ICTs and the elderly
users. The tangible, real artifacts add a level of familiarity and playfulness
with the TAR interaction method and it empowers elderly users to compre-
hend what AR is, how it works, as well as how to use it effectively. Naturally,
the implementation of the TAR technology should be based on many iter-
ations and adhere to specific design guidelines related to the elderly users’
target group, in order for it to be utilised properly.

— Testing a serious game under realistic conditions, at the player’s place of will
and for a long duration, can lead to better game-motivation analysis. Evaluat-
ing a serious game performance in laboratory settings can sometimes skew the
results around the motivating power of the game. Allowing the player to play
the game at a familiar environment of his/her choice, whenever he/she wants
and for a long period of time, trully tests the motivation and the engagement
that the game can offer.

— The Competition, Reward, and Feedback game mechanics can strongly moti-
vate elderly players. The use of competition, challenges, performance feedback,
and leaderboards can create a fun and entertaining environment with the el-
derly discussing and comparing their performances. The intrinsic motivation,
coming from the sense of belonging to the “community” that plays the game,
as well as from the players always wanting to perform better at the cogni-
tive tasks, blends well with the extrinsic motivations of points, rewards, and
rankings.
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— Augmented Reality can be utilised in a meaningful way, within the context of
a cognitive screening game. Many times in games, AR is used just to provide
the "novel” label and to trigger the ”wow effect”. In cognitive screening games,
AR can offer much more than just fascinating the player, since it can add an
underlying level of cognitive complexity, which does not affect the game diffi-
culty level and, at the same time, manages to stimulate the player cognitively
and physically (motor skills). The challenging part of implementing AR in a
cognitive screening context is finding the right balance between the utilised
AR elements that could serve the game scenario and the ones serving screen-
ing process. In our project, we had to adjust the interaction method in order
for AR to have meaningful presence and to be technically robust [5, 7].

— The design and ethical guidelines around elderly users should be respected and
implemented when designing serious games for such a sensitive and unique tar-
get group. Serious games for elderly players target a niche market and should
be designed accordingly, thus catering to the special interaction needs of the
elderly population [15,17,21]. Furthermore, all the safeguarding procedures
and ethical guidelines should be applied, as well as many iterations and test-
ings should take place, in order to confirm that the final product is not only
entertaining, motivating, and effective, but also safe.

— A mini-game architecture can facilitate the cognitive screening performance of
a serious game by addressing a spectrum of cognitive abilities. Mini-games can
be a resource in their own right, incorporating different gameplay mechanics,
and - when united - focusing on a single topic [12]. Furthermore, mini-games
provide the opportunity for the player to explore various and different game
scenarios and experience the motivating feeling of achievement that comes
from the completion of a level or a mini-game, more frequently [12, 4].

— Cubes can be a valuable tool for cognitive screening serious games and suitable
for elderly players. The game element that is associated with the cubes, com-
bined with the fact that they have been successfully used as assistive tools for
cognitive training and cognitive assessment [13,11, 31] can create a promising
interaction component for cognitive screening serious games.

8 Conclusion

Serious games for cognitive screening is a promising subfield of the ”serious games
for health” domain, while Augmented Reality can be a suitable, enabling tech-
nology, with the proper adjustments. Our work on Smartkuber led to several
findings that could be potentially generalised and benefit the Serious Games and
Augmented Reality communities. Ultimately, through the project, we managed
to show that, even though the field of cognitive screening serious games presents
many unique, research challenges, it can highly contribute to the fight against
cognitive impairment and dementia, in a meaningful and innovative way.

References

1. Barakova, E., van Wanrooij, G., van Limpt, R., Menting, M.: Using an emergent
system concept in designing interactive games for autistic children. In: Proceedings



14

10.

11.

12.

13.

14.

15.

16.

17.

18.

Costas Boletsis, Simon McCallum

of the 6th International Conference on Interaction Design and Children. pp. 73-76.
IDC ’07 (2007)

Billinghurst, M., Kato, H., Poupyrev, I.: Tangible Augmented Reality. In: Proceed-
ings of ACM SIGGRAPH Asia. pp. 1-10 (2008)

Boletsis, C., McCallum, S.: Augmented Reality cube game for cognitive training: An
interaction study. Studies in Health Technology and Informatics 200, 81-87 (2014)
Boletsis, C., McCallum, S.: Connecting the player to the doctor: utilising serious
games for cognitive training & screening. DAIMI PB 597, 5-8 (2015)

Boletsis, C., McCallum, S.: Augmented Reality cubes for cognitive gaming: Prelim-
inary usability and game experience testing. Internation Journal of Serious Games
3(1), 3-18 (2016)

Boletsis, C., McCallum, S.: Evaluating a Gaming System for Cognitive Screening
and Sleep Duration Assessment of Elderly Players: A Pilot Study. In: Games and
Learning Alliance, Lecture Notes in Computer Science, vol. 10056, pp. 107-119.
Springer (2016)

Boletsis, C., McCallum, S.: Smartkuber: A cognitive training game for cognitive
health screening of elderly players. Games for Health Journal 5(4), 241-251 (2016)
Brooke, J.: SUS-A quick and dirty usability scale. In: Usability Evaluation In In-
dustry, pp. 189-194. Taylor & Francis (1996)

Cockrell, J.R., Folstein, M.F.: Mini-Mental State Examination (MMSE). Psy-
chopharmacology Bulletin 24(4), 689-692 (1988)

Connolly, A., Gaehl, E.; Martin, H., Morris, J., Purandare, N.: Underdiagnosis of
dementia in primary care: variations in the observed prevalence and comparisons to
the expected prevalence. Aging & Mental Health 15(8), 978-984 (2011)

Correa, A., de Assis, G.A., Nascimento, M.d., Ficheman, I., Lopes, R.d.D.: GenVir-
tual: an Augmented Reality musical game for cognitive and motor rehabilitation.
In: Virtual Rehabilitation. pp. 1-6 (2007)

Frazer, A., Argles, D., Wills, G.: Assessing the usefulness of mini-games as educa-
tional resources. In: ALT-C 2007: Beyond Control (2007)

Gamberini, L., Fabregat, M., Spagnolli, A., Prontu, L., Seraglia, B., Alcaniz, M.,
Zimmerman, A., Rontti, T., Grant, J., Jensen, R., Gonzales, A.: Eldergames:
videogames for empowering, training and monitoring elderly cognitive capabilities.
Gerontechnology 7(2) (2008)

Gerling, K., Masuch, M.: When gaming is not suitable for everyone: playtesting Wii
games with frail elderly. In: Proceeding of the 1st Workshop on Game Accessibility:
Xtreme Interaction Design (FDG 2011). Bordeaux, France (2011)

Gregor, P., Newell, A.F.: Designing for dynamic diversity: making accessible in-
terfaces for older people. In: Proceedings of the 2001 EC/NSF workshop on Uni-
versal accessibility of ubiquitous computing: providing for the elderly. pp. 90-92.
WUAUC’01 (2001)

Gregor, P., Newell, A.F., Zajicek, M.: Designing for dynamic diversity: interfaces for
older people. In: Proceedings of the fifth international ACM conference on Assistive
technologies. pp. 151-156. ASSETS 02 (2002)

Heller, R., Jorge, J., Guedj, R.: EC/NSF workshop on universal accessibility of
ubiquitous computing: providing for the elderly event report. In: Proceedings of
the 2001 EC/NSF workshop on Universal accessibility of ubiquitous computing:
providing for the elderly. pp. 1-10. WUAUC ’01, ACM (2001)

IJsselsteijn, W., De Kort, Y., Poels, K.: The game experience questionnaire: Devel-
opment of a self-report measure to assess the psychological impact of digital games.
manuscript in preparation. FUGA technical report Deliverable 3.3 (2013)



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

The Smartkuber case study: Lessons learned 15

TJsselsteijn, W., De Kort, Y., Poels, K., Jurgelionis, A., Bellotti, F.: Characterising
and measuring user experiences in digital games. In: International conference on
advances in computer entertainment technology. vol. 2, p. 27 (2007)

IJsselsteijn, W., van den Hoogen, W., Klimmt, C., de Kort, Y., Lindley, C., Mathiak,
K., Poels, K., Ravaja, N., Turpeinen, M., Vorderer, P.: Measuring the experience of
digital game enjoyment. In: Proceedings of Measuring Behavior. pp. 88—-89 (2008)
Ijsselsteijn, W., Nap, H.H., de Kort, Y., Poels, K.: Digital game design for elderly
users. In: Proceedings of the 2007 conference on Future Play. pp. 17-22. Future Play
’07 (2007)

Kato, P.: What do you mean when you say your serious game has been validated?
Experimental vs. Test Validity (2013), http://wp.me/p299Wi-dp, (accessed: April
8, 2017)

Manera, V., Petit, P.D., Derreumaux, A., Orvieto, 1., Romagnoli, M., Lyttle, G.,
David, R., Robert, P.: ‘Kitchen and cooking’, a serious game for Mild Cognitive
Impairment and Alzheimer’s Disease: a pilot study. Frontiers in Aging Neuroscience
7(24) (2015)

McCallum, S., Boletsis, C.: Augmented Reality & gesture-based architecture in
games for the elderly. In: pHealth, Studies in Health Technology and Informatics,
vol. 189, pp. 139-144. 10S Press (2013)

McCallum, S., Boletsis, C.: Dementia games: A literature review of dementia-related
serious games. In: Serious Games Development and Applications, Lecture Notes in
Computer Science, vol. 8101, pp. 15-27. Springer Berlin Heidelberg (2013)
McCallum, S., Boletsis, C.: A taxonomy of serious games for dementia. In: Games
for Health, pp. 219-232. Springer Fachmedien Wiesbaden (2013)

Milgram, P., Kishino, F.: A taxonomy of mixed reality visual displays. IEICE Trans-
actions on Information and Systems 77(12), 1321-1329 (1994)

Nasreddine, Z.S., Phillips, N.A., Bedirian, V., Charbonneau, S., Whitehead, V.,
Collin, I., Cummings, J.L., Chertkow, H.: The Montreal Cognitive Assessment,
MoCA: a brief screening tool for mild cognitive impairment. Journal of the American
Geriatrics Society 53(4), 695-699 (2005)

Neistadt, M.: A critical analysis of occupational therapy approaches for perceptual
deficits in adults with brain injury. American Journal of Occupational Therapy
44(4), 299-304 (1990)

Scanlon, L., O’Shea, E., O’Caoimh, R., Timmons, S.: Usability and validity of a
battery of computerised cognitive screening tests for detecting cognitive impairment.
Gerontology 62(2), 247-252 (2016)

Sharlin, E., Itoh, Y., Watson, B., Kitamura, Y., Sutphen, S., Liu, L.: Cognitive
cubes: A tangible user interface for cognitive assessment. In: Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems. pp. 347-354. CHI
’02 (2002)

Sottas, P.E., Robinson, N., Rabin, O., Saugy, M.: The athlete biological passport.
Clinical Chemistry 57(7), 969-976 (2011)

Tong, T., Guana, V., Jovanovic, A., Tran, F., Mozafari, G., Chignell, M., Stroulia, E.:
Rapid deployment and evaluation of mobile serious games: A cognitive assessment
case study. Procedia Computer Science 69, 96 — 103 (2015)

Waldemar, G., Phung, K., Burns, A., Georges, J., Hansen, F.R., Iliffe, S., Mark-
ing, C., Rikkert, M.O., Selmes, J., Stoppe, G., Sartorius, N.: Access to diagnostic
evaluation and treatment for dementia in europe. International journal of geriatric
psychiatry 22(1), 47-54 (2007)

Zhou, Z., Cheok, A., Pan, J.: 3D Story Cube: an interactive tangible user interface
for storytelling with 3D graphics and audio. Personal and Ubiquitous Computing
8(5), 374-376 (2004)



16

36.

37.

Costas Boletsis, Simon McCallum

Zucchella, C., Sinforiani, E., Tassorelli, C., Cavallini, E., Tost-Pardell, D., Grau, S.,
Pazzi, S., Puricelli, S., Bernini, S., Bottiroli, S., et al.: Serious games for screen-
ing pre-dementia conditions: from virtuality to reality? a pilot project. Functional
neurology 29(3), 153-158 (2014)

Zygouris, S., Giakoumis, D., Votis, K., Doumpoulakis, S., Ntovas, K., Segkouli,
S., Karagiannidis, C., Tzovaras, D., Tsolaki, M.: Can a Virtual Reality Cognitive
Training Application Fulfill a Dual Role? Using the Virtual Supermarket Cognitive
Training Application as a Screening Tool for Mild Cognitive Impairment. Journal
of Alzheimer’s Disease 44(4), 1333-1347 (2015)



