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Abstract. Cognitive Screening Instruments are helpful in the early detection of
cognitive changes and possible underlying dementia. These instruments test all
major cognitive domains of an individual. Serious games have been investigated
as an alternative approach for cognitive assessment because of their ability to
motivate. Previous work mostly focused on finding out whether it is feasible to
use a serious game for such purpose. We decided to investigate further how a
serious game can be engaging and fun while prioritizing the cognitive assess-
ment. Inthis paper, we describe the design and development of CogWorldTravel,
which was an iterative process that included feedback from experts in the assess-
ment of dementia obtained through semi-structured interviews. CogWorldTravel
is a serious game that has the potential to be used for cognitive screening as it
features six game tasks that involve recognition memory, attention, working
memory, language, immediate memory span, processing speed, inhibition, recog-
nition of emotions, visuoconstructional, perceptual-motor and planning abilities.
The serious game also accommodates age-related changes and considers the
gameplay preferences of older adults.
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1 Introduction

Older adults are at a greater risk for the onset of dementia, which is characterized by
impaired cognition that represents a decline from a previously attained level of func-
tioning [1]. Undiagnosed dementia has severe and expensive consequences for individ-
uals, their families, and society [2]. Cognitive Screening Instruments (CSIs) are used
to assist in the assessment of dementia [3]. Although these tools are not diagnostic, they
are useful in the early detection of cognitive changes and possible underlying dementia.
The detection of cognitive changes is the first step towards accurate diagnosis. Ideally,
these instruments should test all major cognitive domains of an individual [4], namely
complex attention, executive function, learning and memory, language, perceptual-mo-
tor, and social cognition [1].



There are several well-researched CSlIs currently used to detect dementia. However,
these instruments do have limitations. A relevant barrier for the proper use of such in-
struments is the time required for administration in clinical settings. It is well known
that the environment where the test is undertaken may affect performance [3]. Espe-
cially for pen-and-paper-based tests, results may vary across examiners [4]. In addition,
the majority of tests are dependent on language, and scores must be validated inde-
pendently in each language as it may vary when tests are translated. Similarly, educa-
tional and cultural biases are evident in many instruments [3]. The development of CSIs
that are less sensitive to language, education, and culture is still highly encouraged [5].

Serious games are regarded as games that entertain players while accomplishing an-
other primary purpose. The rationale for using game technology for such serious pur-
poses is its ability to motivate [6]. Serious games have been beneficial in delivering
several personalized healthcare solutions for older people [7]. In the last years, consid-
erable attention has been focused on investigating the use of serious games for cognitive
screening [8]. Serious games have advantages in overcoming the limitations of tradi-
tional CSIs, particularly when compared to pen-and-paper-based tests. Game-based
tests ease the administration process. As they can be self-administered, they can be used
in clinical settings and remotely. Older adults can play the serious game at home while
useful data is being collected and can be shared with a healthcare professional. As total
and partial time-based measures for diverse tasks can be collected and scores can be
calculated, recorded, and tracked automatically over time, it reduces the risk of biased
administration.

Previous research in this field mostly focused on assessing the feasibility of using
games for cognitive screening [8]. The common approaches involved collecting data
through existing games or developing bespoke games that replicate the mechanics of
cognitive tests. From existing games, Gielis et al. explored the Microsoft Solitaire Col-
lection with an additional toolbox to capture player interaction with the game [9]. In-
tarasirisawat et al. developed their own version of Tetris, Fruit Ninja, and Candy Crush
Saga to be able to collect in-game data through tap and swipe interaction patterns [10].
Siraly et al. analyzed time to complete the classical 'Find the pairs' memory game [11].
Bonnechere ef al. investigated using a suite of eight brain training mini-games from the
Peak mobile app [12].

On the other hand, other studies developed bespoke games for cognitive screening.
Those bespoke games either simulate activities of daily living or try to replicate activ-
ities from traditional tests. Eraslan Boz ef al. proposed a virtual supermarket [13]. Val-
lejo et al. [14] and Manera et al. [15] developed virtual cooking tasks. Hagler et al.
created the Scavenger Hunt, which is based on the pen-and-paper Trail Making Test
[16]. Tong et al. proposed The Whack-a-Mole, which is inspired by the classical
Go/No-Go Discrimination Task [17]. Valladares et al. presented the Panoramix suite
that is based on multiple cognitive tests, including the California Verbal Test, the Pyr-
amids, and Palm-trees test, the Corsi Cubes test, and the Pursuit Rotor Task test [18].

The majority of the previous studies evaluated the use of games to screen cognition
by either finding their utility as an instrument to detect dementia or by correlating re-
sults with another test used as a reference. While the outcome from these studies found



out to be feasible to use serious games as alternative CSls, investigating design ap-
proaches to develop an ideal game-based CSI is still an open challenge. Commercial or
well-known games are fun and engaging, but they do not comply with the requirements
of traditional CSIs, specifically the need to sample all cognitive domains. In addition,
commercial games do not necessarily target older adults, and they have age-related
changes that ideally must be addressed when designing for them. On the other hand,
bespoke games offer the opportunity to explore different aspects of cognition. A range
of activities can be included to assess performance on everyday tasks or assess specific
domains in the same way as traditional tests. Still, previous work did not focus on in-
cluding all cognitive domains.

An ideal game-based CSI must comply with the criteria for such an instrument [4],
satisfy age-related changes of older adults [19], and be engaging and fun for most older
adults. In this context, we decided to investigate further how a serious game can be
engaging and entertaining while prioritizing cognitive assessment. This paper describes
the design and development of CogWorldTravel, a serious game for cognitive screen-
ing. The game features six game tasks that involve recognition memory, attention,
working memory, language, immediate memory span, processing speed, inhibition,
recognition of emotions, visuoconstructional, perceptual-motor and planning abilities.

The following section presents the methodology of this work. In Section 3, Cog-
WorldTravel is unfolded. Discussions and conclusions can be found in Section 4 and
Section 5, respectively.

2 Methodology

This section describes the methodology followed to design and develop CogWorld-
Travel. The aged cohort is very diverse, and there was no expectation of designing a
'one-size-fits-all' game. However, as traveling is an experience enjoyed by most people,
we started by choosing this topic to revolve the game story around it.

We reviewed design recommendations for older adults in the literature [19]. As older
adults have a higher chance of presenting difficulties in hearing, vision, cognition, or
mobility, we paid particular attention to the choice of colors used in the game, font size,
and the complexity associated with the movements to provide inputs during gameplay.
We also opted for slow-paced, simple game tasks with an intellectual challenge to avoid
cognitive overload [20, 21].

In addition, we reviewed classical CSIs currently used in clinical practices to under-
stand the items contained in those tests and which cognitive aspect they measure. We
also considered the features that an ideal CSI must include, as enunciated in the Report
of the Committee on Research of the American Neuropsychiatric Association [4]. The
ideal instrument must sample all major cognitive domains. The cognitive domains were
defined in the latest version of the Diagnostic and Statistical Manual of Mental Disor-
ders (DSM-V) as complex attention, executive function, learning and memory, lan-
guage, perceptual-motor, and social cognition [1]. We also observed working defini-
tions of each domain, examples of symptoms or observations regarding impairments in
everyday activities, and examples of assessments.



The game tasks were discussed between the authors based on the above. After an
initial design was agreed upon, semi-structured interviews were conducted with experts
in dementia assessment to request feedback on the proposed game design. The inter-
views were conducted as soon as possible in the design process to incorporate feedback
into the development stage. For further details on the evaluation of the serious game,
please refer to [other paper].

After incorporating some of the feedback provided by the experts and the design
reached more maturity, we started developing the serious game using Unity due to its
versatility for developing game prototypes. The parameters designed to be collected
during gameplay are stored in a CSV file. The Unity built-in recorder package sup-
ported the development of tutorials. Finally, we developed a game version to be played
using a computer, which is available at https://urfriendxd.itch.io/cogworldtravel (Pass-
word available on request 13635166@student.uts.edu.au). The choice for a computer
version was due to COVID-19 restrictions, as the subsequent studies would be con-
ducted via Zoom.

3 CogWorldTravel

This section describes the design of CogWorldTravel. CogWorldTravel is a serious
game that features six game tasks for cognitive assessment. Anyone can play the serious
game, but it aims at accommodating age-related changes of older adults. As the name
implies, travelling is the game's theme, and the game tasks are inserted in this context.
The game tasks have foundations in previous research, and it was iteratively designed
to include feedback from experts in the assessment of dementia.

3.1 Familiar Faces

This is the first of the game tasks. In the story, the player arrives at the airport and finds
out that their luggage is gone. They will work closely with security to identify who has
their luggage by mistake. Sets of faces will be displayed to the player. After one face is
selected, the set disappears, and a new set is displayed, including faces selected before
and at least one new face (see Fig. X). The player is asked to click on a new person
each time to see if the person has their suitcase. The goal is to go through as many
people as possible. In total, there are 50 faces in the task. The player loses when they
choose someone they have checked before. The data collected during gameplay is the
number of selected faces before losing the game.

The user skills required in this task are clicking on the screen, recognition memory,
attention, and working memory. It means that aspects of complex attention, executive
function, and learning and memory are involved. This task was inspired by the War-
rington Recognition Memory Test for faces [22], which assesses recognition memory
deficits. Recognition memory is an important expression of episodic memory, and its
loss is a hallmark cognitive dysfunction associated with dementia. In the test, 50 faces
are presented, and later the participant is challenged with a pair of faces to identify
which one they have seen before. This test has been previously considered to have the
ability to detect dementia [23, 24].


https://urfriendxd.itch.io/cogworldtravel

Fig. 1. Familiar Faces.

3.2 Padlock Combination

After the player retrieves the luggage, they realize they forgot the padlock combination
to open it. The padlock contains a set of four letters, and the player is instructed to form
as many words as they can with the given letters as an attempt to guess the right com-
bination (see Fig. X). The play must form words of three or four letters and cannot
include names. When the player forms a determined number of words with each set of
letters, a new set is provided. There are no losing criteria in this task. Instead, the task
is timed. The data collected during gameplay is the total number of words formed by
the player within two minutes.

The user skills required in this task are clicking on the screen, language, and working
memory as the player needs to hold the words already submitted in memory. It means
that aspects of language and executive function are involved. Although it is different
due to the elimination of the human component in the administration of the game-based
test, the task is inspired by the assessment of language skills of the Montreal Cognitive
Assessment (MoCA) [25], where the participant is asked to say as many words as they
can starting with a given letter, name low-familiarity animals, and repeat a sentence.

3.3 The Metro

After all luggage-related issues are resolved, it is finally time to enjoy the trip. The
player can visit tourist spots around the city using the metro system. A local expert
shows those spots on the map. The player must memorize the order in which the stations
are highlighted in the map and click on the stations to visit them in the same order that
they were highlighted (see Fig. X). The task starts with a sequence of three stations.
The player is challenged with two different sequences of three stations. If at least one
sequence is correctly repeated, they progress to the next level, increasing the sequence
length by one station. The player loses when not able to repeat at least one of the trials



for a given length. The data collected during gameplay is the maximum length achieved
and the total number of correct repetitions.

The user skills required in this task are clicking on the screen and immediate memory
span. This task was inspired by the Corsi Blocks Test, which requires memorization of
relative positions in space in temporal order. The test consists of nine square blocks
positioned on a board [26]. The examiner taps the blocks starting with sequences of two
cubes. The participant has to reproduce the sequence by tapping the blocks in the same
order. The test has been considered the single most important nonverbal task in cogni-
tive assessment [27].

3.4 Native Fauna

One of the places visited by the player is the beach. The player is instructed to take
photos of the native wildlife at the beach. The player goes around the screen with the
mouse, which replicates the view from the lenses of a photographic camera (see Fig.
X). They must click on flamingos that appear on the screen as quickly as possible. Co-
conuts are included as distractions, and the player must avoid taking photos of them.
There are no losing criteria in this task. The player will be exposed to a defined number
of targets and distractions. The data collected during gameplay include reaction time,
correct photos taken (target), wrong photos taken (distraction), and missed targets.

The user skills required in this task are clicking on the screen, processing speed,
inhibition, and sustained attention. It means that aspects of complex attention and ex-
ecutive function are involved. The task replicates the same mechanics of the letter A
item from the MoCA [25], where the participant listens to a list of letters and claps
hands every time they listen to the letter A. One advantage of the game over the classi-
cal test is the ability to provide time-based measures, which enables the measurement
ofreaction time. Reaction time is acknowledged as an important parameter of cognitive
efficiency [28]. The addition of the distraction element in the game also provides a
measure of inhibition as it tests the ability to stop yourself from responding to a stimu-
lus. This is measured in the go/no-go [29] cognitive test.

3.5 Messaging Home

The player has a little break from the trip to check in on their family back home. They
talk to a family member through a messaging app. A text conversation is shown, and
feelings are mentioned. The player must choose a sticker to support the feeling men-
tioned in the conversation from a set of six faces expressing the basic emotions: happy,
sad, angry, surprised, disgusted, and scared (see Fig. X). There is no losing criteria or
time limit. The player can take their time to select the most appropriate face. The data
collected during gameplay is the total number of correct faces of six trials.

The user skills required in this task are clicking on the screen and recognition of
emotions, which is one aspect of social cognition. Social cognitive deficits are com-
monly seen in people with dementia [30], even though this domain is often overlooked
in classical and game-based instruments. The game task is very similar to the Emotion
Recognition Task [31], with the difference that the emotions are inserted in the context
of the trip rather than simply showing a word.



3.6 Time to Pack

At the end of the trip, the player must pack their luggage before flying home. Tetrami-
noes-shaped items are around a suitcase, and the player must organize them inside (see
Fig. X). The player may need to rotate individual items to pack everything. Once one
suitcase is completed, another one will appear, and the player must complete as many
suitcases as they can in two minutes. There are no losing criteria. The performance of
the player is measured by the total number of suitcases completed in the given time.

This task requires the most advanced technology skills as the player must drag and
drop and click with the mouse's right button while holding the left button to rotate items.
Alternatively, the player can choose to press the space bar while holding the item with
the mouse's left button to rotate the item. The task also involves visuoconstructional,
perceptual-motor, and planning abilities, which are aspects of perceptual-motor and ex-
ecutive function. This task was inspired by the Tetris puzzle game, which has been
considered to involve rapid visual-spatial problem-solving and motor coordination
skills [32].

4 Discussion

CogWorldTravel is a serious game that has the potential to measure the cognitive per-
formance of older adults while entertaining them both in clinical settings and remotely.
The assessment of cognitive performance is particularly important for the early detec-
tion of dementia, which is beneficial for individuals, their families, and society. The
choice for a bespoke game is due to the possibility of developing a set of tasks that
comply with the requirements of an ideal CSI while meeting the gameplay preference
of older adults for slow-paced games with intellectual challenges.

The design process of CogWorldTravel was particularly challenging because of the
interdisciplinary nature of this research. We had to come up with game tasks that at the
same time engage and entertain, accommodate the special needs of older adults, and
involve different cognitive aspects. To accomplish that, we involved experts in the as-
sessment of dementia in an iterative design. We wanted the game to collect cognitive
information precisely while improving the experience of the person being tested. We
expect that the introduction of game elements can alleviate the anxiety of taking a test
and motivate users.

The serious game measures at least one aspect of the six major cognitive domains of
an individual. From the complex attention domain, sustained attention and processing
speed are included. From the executive function domain, planning, working memory,
overriding habits, and inhibition are included. From the learning and memory domain,
immediate memory span and recent memory are included. From the language domain,
expressive language is included, and receptive language is required throughout the
game. From the perceptual-motor domain, visuoconstructional and perceptual-motor
are included. Finally, recognition of emotions is included to represent social cognition
skills.

An aspect of the game that required considerable thought was how to design tasks
that were not reliant on literacy, culture, and language. We designed the tasks to be



valid when translating to other languages. Except for the instructions on how to play
each game task and the conversation surrounding the stated emotion in Messaging
Home, the tasks are independent of language. We wanted the language to be involved
only in the occasion of measuring this specific skill. The language-related task still
needs to be validated when translating to other languages. Likewise, we attempt to de-
sign game tasks that people with any level of education could perform in a reasonably
fair manner. Recognition of faces, recognition of emotions, assembly of items, memo-
rizing highlighted stations in a metro map, and taking photos of an animal as quickly
as possible are activities that do not seem to be highly influenced by education or cul-
ture.

Other specific aspects of the game tasks required some consideration. In Familiar
Faces, we expected that similarity among the displayed faces could affect the perfor-
mance of the player. The difficulty of the task would increase if the faces included had
similar age, gender, and ethnicity. In Padlock Combination, we were specifically con-
cerned that people could be stuck if the words to be formed were not commonly used
words. To avoid that, we decided that the person would not need to form all possible
words before moving to the next set of letters. In addition, we noticed the difficulty of
the task was associated with the arrangement of the set of letters. It is much easier to
visualize and find words if the letters are organized in the shape of a cross when com-
pared to if the letters were in a linear arrangement. In The Metro, the speed at which
the stations are highlighted affects the difficulty of the task. If it is very slow, people
will have to hold it in working memory for longer before starting. If it is very fast, they
have a reduced chance to encode it in memory before the next one appears. In Native
Fauna, we decided that the number of flamingos should be the same amount of A's in
the letter A task of the MoCA if we wanted those tasks to be comparable. In Messaging
Home, we decided that the name of the emotion needed to be clearly stated rather than
allowing people to determine how they would feel about the described situation because
the feelings of people may vary when facing the same situation.

Furthermore, we considered that players might have low familiarity with computers
and designed game tasks that do not require advanced computer skills. Most tasks can
be completed only by clicking with the mouse, except for the Time to Pack task, where
clicking with both mouse buttons and drag and drop are required. This way, we ex-
pected players to concentrate on completing the task rather than on the user interaction.
This serious game was implemented as a computer version due to COVID-19 re-
strictions; however, a tablet version could still facilitate further as touching the screen
is more intuitive than using the mouse.

5 Conclusion and Future Work

This paper describes the design and development of a serious game for cognitive
screening. This new game is an example of how to involve different aspects of cogni-
tion in game tasks. CogWorldTravel focused on sampling at least one aspect of each
major cognitive domain to comply with the requirement of an ideal cognitive screening
instrument. In addition, our careful design ensures that the game is appropriate to be



played by older adults. Age-related changes were carefully considered to provide a
smooth experience to the aged cohort. The tasks included in the game are slow-paced
and have simple objectives. The inputs required from the player are straightforward,
which makes the game suitable for people with low familiarity with computers.

The game sample one aspect of each cognitive domain; however, not every element
of each cognitive domain is included. There are many opportunities to improve Cog-
WorldTravel. Games offer many options to test different aspects of cognition. The first
improvement to this game will be the inclusion of a task to measure delayed recall, as
it is an important parameter that healthcare professionals analyse during a clinical as-
sessment. Another way of enhancing this serious game will be the development of a
task to measure cognitive flexibility, which is another important aspect of executive
functioning. The assessment of different aspects of each cognitive domain is helpful for
clinicians in differentiating diagnosis. Therefore, the development of serious games to
measure as many cognitive aspects as possible is encouraged.
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