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Abstract. Active Ageing, the preservation of the potential for achievement and
development in old age, is a societal concern and neuropsychological assessments
are part of psychological clinical studies. Although approaches are based on stable
principles, Serious Games with designs based on neuropsychological tests can
enable data collection and analysis useful for medical evaluation. This study
developed and tested a game (Sorting Sheep) to be applied in cognitive
stimulation with older adults providing, at the same time, useful information about
the performance of the player. Meaningful correlations have been found between
aspects of performance and the standard MoCA test, when the game is calibrated
for a population with cognitive conditions.
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1 Introduction

Increased longevity of the population is a worldwide phenomenon with profound
implications for society. The ageing process, which is only partially related with
chronological age, is a heterogeneous group of health and functional states
experienced by older people and determined by a range of genetic, biologic, social
environmental, psychologic and cultural factors [17]. Although with a significant
diversity, the aging process is characterized by a gradual impairment in many body
systems and an increased risk for disease. The Central Nervous System is affected by
changes in neurotransmitter levels and neuronal function, brain atrophy, reduction in
oxygenation and cerebral blood flow among others [1]. Some deterioration in
memory, processing speed of information, inductive reasoning, humeric abilities as
well as impairment in motor and visual-perceptive functions are commonly found in
older persons. Yet, age-associated cognitive changes are not irreversible and can be
improved with adequate training [17].

Thus, cognitive stimulation is a component of “active aging”, a term was adopted
by the World Health Organization (WHO) to promote a better quality of life and
improved autonomy and independence of older people. There is evidence that regular
engagement in physical and cognitive activity with moderate intensity can delay
functional decline and the onset of chronic disorders in older subjects [17]. This not
only stimulates neuronal plasticity [7] but also makes use of the “cognitive reserve” as
additional brain regions are recruited during the task to compensate the reduced
functional capacity [2, 17]. Optimizing cognitive function is an important objective
since cognitive decline is associated with adverse outcomes in mental and physical
health as well as in longevity [6, 16].

Cognitive stimulation and monitoring of cognitive performance can be
implemented with Serious Games. These belong to a class of games simulating
practical daily-life situations for professional training in critical conditions as well as
for educational purposes targeting a diversity of users [18]. The increase utilization of
Serious Games in immersive environments and the adoption of non-conventional
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devices has strengthened the relation with Digital Games. The possibility of
generating virtual scenarios can increase motivation of users during the learning
process.

Previous research as Tong et al. [15] proposed to demonstrate the feasibility of
cognitive assessment in the elderly populations based on mobile platform games. The
methodology of the study was to study the viability of the game in an emergency
department of the hospital of the University of Toronto [14]. The results of the players
were correlated with a series of standard evaluations (MMSE, MoCA and CAM). The
authors of the study concluded that this is the first time that a serious game is used for
cognitive assessment in an elderly population, followed by a full battery of
conventional cognitive assessment methods to correlate the results. The research
developed by Boletsis and Mccallum [3] aims to design and develop a serious game
for the cognitive health screening of the elderly, that is, evaluate the Smartkuber game
and document its development design. The study follows a mixed methodological
approach using the In-Game Experience Questionnaire to assess players' gameplay
experience and a correlation study to examine the relationship between the
Smartkuber and MoCA scores (the study sample was thirteen older adults). The study
shows that Smartkuber is a promising tool for cognitive health screening, providing a
fun and motivating gameplay experience for older players.

The study by Manera et al. [8], which aims to examine the acceptability of the
Kitchen and Cooking game, is a serious mobile platform game developed in the
context of VERVE (EU project available at http://www.verveconsortium.eu/), being a
game designed for the elderly population. In this game, a list of activities is employed
to evaluate and stimulate executive functions (such as planning skills). Kitchen and
Cooking was used by a sample of 21 elderly people (with and without cognitive
pathology) for a month. Finally, the author of the study could conclude that the game
Kitchen and Cooking is adapted for the elderly population with or without cognitive
pathology. The investigation by Robert et al. [11] intends to analyze the feasibility,
advantages and disadvantages of using Serious Games in patients with Alzheimer's
disease in order to provide practical recommendations for the development and use of
Serious Games in these populations. The methodology adopted by the authors of the
research was not clear, but the authors concluded that the results revealed that Serious
Games can offer very useful tools for professionals involved in the care of patients
suffering from Alzheimer's.

The aim of this study was to develop and test a serious game (Sorting Sheep) in
cognitive stimulation of older adults providing, at the same time, useful information
about the cognitive performance of the player which could be used by healthcare
professionals. For this purpose we aimed to establish a correspondence between
performance in game and performance on a simple standard cognitive assessment test.
Thus, our main question is: which game play indicators and metrics could be used as
a good proxy for predicting (a correlate) evaluation with a rapid screening instrument,
such as that obtained with MoCA?

In the second section of this study, we will present the serious game proposal and
its functioning, with a comparison to a traditional method of cognitive assessment.
Next we present the methodology and details of the samples used in the research. The
analysis of results and reception of the game proposal are outlined in the fourth
section. In the fifth section are discussed relevant points for research. Finally, we will
present the conclusions and future work.



2 Methodology

2.1  The Sorting Sheep Design Proposal

Since a significant proportion of older subjects have mobility problems, this game
was developed for mobile touch technology such as Tablets. Thus, the user can have
access to this game in every place including hospitals, nursing homes or their own
residence [12, 13]. In this game (Fig. 1) the objective is to separate all sheep
according to their colour into the correspondent zone or field. Thus, black sheep
should re-main in the right-hand side whereas white sheep must be kept in the
left-hand side. To achieve this goal, the player should use a finger to open (touch) and

Fig. 1. Interface of Sorting Sheep.

The game has the following functioning mechanic: 1) the scenario consists of two
fields separated by a gate. Sheep can move across the fields through the gate; 2)
White and black sheep are randomly generated in the fields; 3) Sheep move randomly
across the fields without any intervention from the user; 4) After the goal of
separating black from white sheep is achieved, the difficulty level rises with the
generation of one additional sheep of each colour.

Table 1. Variables of the Game Sorting Sheep.

Variable Description
Highest level Highest level played during the game
Nx (x=1to 4) completed | Accomplished level by the player (yes=1 or no=0).
Time Nx (x= 1 to 4) Time in seconds_to co_mplet_e the respective level. If a level is
not completed this variable is empty.

Separating Sheep was culturally calibrated to the target population (with a rural
scenario and familiar animals) which is important to obtain reliable assessments. A set
of game play logging variables are recorded, as described in Table 1.

2.2 The Montreal Cognitive Assessment (MoCA)

This is a brief screening test for cognitive function which can discriminate between
normal and cognitive impairment in older adults [9]. This test has a one-page protocol
and takes 10 to 20 minutes to apply. It doesn’t have adaptations for education level,
sensorial impairment and it lacks a ludic component. It is not particularly sensitive to
assess some cognitive domains.

Executive functions are assessed by the part B of Trail Making Test (the subject
has to link letters and numbers in alternate order); Phonemic Verbal Fluency (also
included in Language); Verbal Abstraction (also included in Abstraction).
Visuo-spatial assessment consists in the Clock Drawing Test (circle, numbers and
hands) and copying a cube. “Attention, Concentration and Working Memory” are



assessed with digit span test in direct and reverse orders. A Sustained Attention task
(target detection) consists in identifying the letter “A” during the pronunciation of a
series of letters. Finally, in the Serial Sevens subtractions the subject has to
consecutively sub-tract 7 starting from 100. Language tasks consist in naming 3
animals, repetition of 2 sentences with complex syntax, and phonemic verbal fluency
in which the subject is asked to generate as many words starting with “p” as possible
(excluding proper names). For verbal abstraction the subject must think and verbalize
the similarity between two objects (e.g. banana and orange being fruits). Differed
memory recall is tested 5 minutes after retention of 5 words (short term memory). The
subject has two trials to recall the words after completing other tasks (attention,
language and abstraction). The Orientation domain is assessed questioning the subject
about the time (e.g. date, month) and location. Each task has a score as follows:
Executive Function/Visio-spatial (5 points); Naming (3 points); Attention (6 points);
Abstraction (2 points); Memory (5 points) and Orientation (6 points).

The sum of each individual score provides a total score (max. 30 points) which
can be compared with standardized values according to age and educational level.

2.3 Conjectured Relation Between MoCA Domains and Sorting Sheep

Table 2 presents the expected overlap of cognitive competences, in a comparison
between the cognitive domains assessed by MoCA, and the demands of the Counting
Sheep game, from the perspective of a trained Psychiatrist. The level of overlap is
classified as strong (+++), moderate (++), weak (+) and none (-). We wanted to gather
empirical data to corroborate, or not, this initial assessment.

Table 2. MoCA and Sorting Sheep.

Sorting Sheep

Executive Function ++
Visuo-spacial function +++
Attention, Concentration and Working Memory +++
Abstraction

Memory +
Language +
Orientation +++

From Table 2 we would expect, as our initial conjecture, to find an empirical
relation between the performance within the current Sorting Sheep game and a
cognitive  assessment,  especially  relevant along the  visuo-spatial,
attention-concentration, and orientation.

2.4  Proceedure and Population

The study was previously validated by the University Hospital Ethics Comission.
Concurrent validity for cognitive domains was tested against the Montreal Cognitive
Assessment (MoCA). The game was tested with two groups with a distinct profile.
Group 1 was composed with subjects with high cognitive performance attending a
“Cultural Academy” (Academia de Convivio e Cultura da Casa Cor de Rosa) and a
“Senior University” (Universidade Sénior Nova Acropole). Group 2 consisted in
subjects with cognitive impairment recruited in the Old Age Psychiatric Unit of
Centro Hospital Universitario de Coimbra. All subjects with age > 50 years were
eligible to enter the study. The final sample consisted in 55 subjects in Group 1 (Gr.1)
and 54 subjects in Group 2 (Gr.2).

Although a high proportion of participants in Gr.1 used internet-based mobile
services, the majority is not familiar with digital games on mobile devices. Gr.2 is
characterized by low internet usage and no knowledge of digital games (Table 3).



After explaining the purpose and details of the study to each subject and obtaining

the informed consent, the research was conducted with the following steps:
1. Baseline cognitive assessment (MoCA);
2. Demonstration of the game (rules and how to play);
3. Game play during 10 minutes;
4. Post-test questionnaire.

Table 3. Groups characteristics.

Group 1 (Gr.1) Group 2 (Gr.2) p-value
Age 64.8 +9.17 [50-85] 76.5 +7.59 [53-89] <0.001
Gender (female, %) 80% 74.1% <0.001
None (0.0%) None (24.07%)
Education level (%0) 1-12 years (45.46%) 1-12 years (70.37%) <0.001
Special/University (54.54%) | Special/University (5.55%)
Active worker (29.09%) Active worker (0.0%)
Ocupation (%0) Retired (67.27%) Retired (77.78%) <0.001
Household work (3.64%) Household work (22.22%)
Social netwrk use (%) Yes (61.82%) No (98.15%) <0.001
Email (%) Yes (70.91%) No (96.30%) 0.010
Text message (%) Yes (72.73%) No (92.59%) 0.044
Mobile Internet (%) Yes (52.73%) No (98.15%) <0.001
Mobile Gaming (%) No (61.82%) No (100%) <0.001

3 Results
3.1

Cognitive Assessment and Game Performance

The two groups differed in respect to baseline cognitive performance in all assessed
cognitive domains (Table 4). The proportion of subjects completing each level
correlated negatively with level difficulty; game performance was higher in Gr.1

(Table 5).
Table 4. MoCA Group 1 and Group 2.

Group 1(Gr.1) Group 2 (Gr.2) p-value

Executive Function 3.95+1.32[1-5] 1.87 + 1.31[0-5] <0.001

Naming 2.75+0.51[1-3] 1.65 +0.97 [0-3] <0.001

Attention 5.11 + 1.1 [2-6] 2.37 £ 1.60 [0-6] <0.001

Language 2.07 £ 0.95 [0-3] 0.85+0.97 [0-3] <0.001

Abstraction 1.96 £ 0.18 [1-2] 1.15 +0.85 [0-2] <0.001

Memory 2.33+1.29 [0-5] 0.94 + 1.48 [0-5] <0.001

Orientation 5.84 = 0.5 [3-6] 4.69 + 152 [1-6] <0.001

Total Score 24.3+3.39[14-29] | 13.5+6.18[4-29] <0.001

Table 5. Performance in Game Group 1 and 2.

N Gr.l N Gr.2 p-value
Highest Level (HL) 55 5.7521.60 [2-9] 54 3.44+1.30 [1-6] <0.001
Completed Level 1 (CL1) 55 1.00.00 (100%) 54 .91+.29 (90.7%) <0.001
Time on Level 1 (TL1) 55 | 45.42+45.7[9-284] | 49 | 83.16+79.9 [16-379] <0.001
Completed Level 2 (CL2) 55 .96x0.19 (96.4%) 54 .76+.43 (75.9%) <0.001
Time on Level 2 (TL2) 53 | 78.55+50.7 [11-269] | 41 | 134.2+81.3[29-357] <0.001
Completed Level 3(CL3) | 55 0.89+0.32 (89.1%) 54 0.52+0.51 (51.9%) <0.001
Time on Level 3(TL3) 49 | 96.53+48.94 [28-246] | 28 | 169.0+90.3 [56-390] <0.001
Completed Level 4 (CL4) 55 .80+.40 (80%) 54 .24+.43 (24.1%) .632
Time on Level 4 (TL4) 44 | 126.93+71.7 [44-385] | 13 | 169.5+67.3 [72-337] 0.018

In Group 1 the variables Highest Level correlated positively with “Language” and
MoCA total score suggesting that comprehension of the game rules and global




cognitive function are important in achieving higher game performance (Table 6) (C:
correlation; S: significance and N: sample). Language correlated negatively with the
time spent in level 1, with the presence of 3 extreme outliers (Figure 2).

Table 6. Correlation MoCA and Game Group 1 and 2.

Fig. 2. Boxplot with Time Levels Group 1.
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In Gr.1, Memory, Language and Total MoCA score correlated with Completed
Level 2, 3and 4.

The outliers and extreme outliers (as shown in Figure 2) can be justified by:

1) Players with low scores on cognitive domains correlated, i.e., Time on Level2
("Player39" and "Player5"), Time on Level3 ("Playerl8”, " Player28" and
"Player30").

2) There was a break in the linearity of time spent by the player when completing
the levels. This was caused by the random and independent movement of 6 sheep
changing the speed and direction every 20 seconds. In level 3 one or more sheep don’t
reach the gate before their speed or direction changes inducing an increased
player-independent waiting time. This game design problem explains why the
correlation between time measure and completed level disappeared in level 4. i.e.,
Time on Level 3 (“Player 9”), Time on Level 4 (“Player18” and “Player32”) and
Time on Level 5 (“Player 197). Therefore, these are players with an absence of
cognitive impairment according to the normative rules of MoCA performed by Freitas
et al. [4].
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Fig. 3. Boxplot with Time Levels Group 2.

In Gr.2 (Table 6) Maximum Level correlated with the performance in most
cognitive domains assessed by MoCA except “abstraction”. The strength of these
correlation increases in higher levels suggesting that cognitive performance is
increasingly important as the difficulty increases. It is apparent that in Level 1 there
was no correlation suggesting that this level is a stage of learning. “Orientation” is
recruited during this level as the learning process includes spatial orientation of the
player into the game. The decreased strength of correlations with cognitive
performance observed in Level 4 and might be explained by the loss of game linearity
with excessive waiting time (Fig. 3).

As in Gr.1, subjects in Gr.2 with higher cognitive performance spend less time to
complete the game stages.

The outliers and extreme outliers of Time in Levell(‘“Player109”, “Player104”,
“Player94”, “Player67”, “Player76”, ‘Player75” and “Player 78”), Time in Level 2
(“Player109”), Time in Level 3 (“Player62”) and Time in Level 4 (“Player98”), are
cases of players with some cognitive impairment according to the normative rules of
MoCA performed by Freitas et al. [4].



In both groups the education level and occupation did not correlate with any game
variable (Table 7) (C: correlation; S: significance and N: sample). Subjects with
increasing age tend to spend more time in the game and not to reach the higher levels.

Table 7. Correlation of Group 1 and Group 2 profile with gameplay.
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3.2 Feedback from Users

Globally, participants could understand the rules and how to play the game (100% in
Gr.1vs. 92.6% in Gr.2). The majority of participants in Gr.1 and 2 (87.3% and 72.2%
respectively) considered the game a valid instrument to be used daily at home and did

not find difficult to identify the animals, gate and game buttons (100% vs. 94.4%).

Table 8. Reception of the Game by Groups 1 and 2.

Gr.l Gr.2 p-value
Understood how to play? (%) Yes (100%) Yes (92.59%) <0.001
Would you play at home? (%) Yes (87,27%) Yes (72.22%) <0.001
Could you see well? (%) Yes (100%) Yes (94.44%) <0.001
Recognize gate is open (7%) | Motivated to play (25.93%)
Did the sound affect your Motivated to play (34%) Familiar sounds (12.96%) 069
performance? (%0) Familiar sounds (5.45%) 0 '
No (52.73%) No (61.11%)
. Faster Sheep (10.91%) Horses instead. (1.85%)
2 (O
Any critics on the game? (%) No (89.09%) No (1.85%) <0.001
i 0, i 0,
Gameplay? (%) Finger (63.64%) Finger (11.11%) <0001

Pen (36.36%)

Pen (88.89%)

For 52.7% of players in Gr.1 and 61.1% in Gr.2 the sound during the game did not
affect their performance while other participants (34.5% vs. 25.9%) reported
increased motivation with sound and some (5.5% vs. 13%) considered that a familiar
sound was an empathic element in the game. Increasing the speed of sheep (Gr.1) and
replacing sheep with horses (Gr.2) were suggested although the majority of




participants (89.1% vs. 98.1%) did not present any suggestion for changes. Most
subjects preferred to play with a touch screen pen (63.6% vs. 88.9%).

4 Discussion

The Sorting Sheep Game for Gr.1 did not present correlations directly with the
cognitive domains proposed by the game design (Table 2), but, it is noticed that some
domains do not work in isolation, that is, they work together, for example, Language
with Attention or Executive Function with Orientation.

Analyzing the results of the game for Gr.2, we can conclude that the game
presented more calibration, thus, there were correlations predicted in the game
development process, corresponding to the expectations of the game design (Table 2).

In the context of cognitive assessment, Table 9 shows the performance profile
Gr.1 in the game and makes it possible to evaluate the performance of the sample
players. The table was assembled with "Highest Level”, the most efficient variable in
the evaluation criterion of player performance and the other variables chosen are
profiles such as "Age" (important variable to indicate cognitive decline) and
"Education level" of the player (Second important variable to indicate cognitive
decline) [4].

Table 9. Evaluation of the players of the sample Gr.1.

Education level
Age None 1-12 years Special/University All eltisg?tlon
50 - 65 none 6.67 +0.778 6.28 +1.227 6.43 +1.073
N 0 12 18 30
> 65 Sem caso 4.62 +1.609 5.25+1.913 4,92 +1.754
N 0 13 12 25
All Ages | Semcaso | 5.60+ 1.633 5.87 + 1.592 5.75 +1.601
N 0 25 30 55

Similar to the table above presented in the context of cognitive assessment, Table
10 exposes the Gr.2 profile in the game.

Through the results, it was possible to perceive that the game environment did not
present difficulties in the context of usability towards the target population. There was
encouragement and evaluation of the players in particular to the Gr.2 players. As a
tool to help health professionals interpret players' results, normative tables of player
performance have been constructed (Table 9 and Table 10).

Table 10. Evaluation of the players of the sample Gr.2.

Education level
Age None 1-12 years Special/University Al elisg?tlon
50 - 65 none 5.00 = 1.000 5000 5.00 + 0.816
N 0 3 1 4
> 65 3.08+1.115 3.37+£1.330 4000 3.32+1.253
N 13 35 2 50
All Ages 3.08+1.115 3.50+1.371 4.33+0.577 3.44+£1.298
N 13 38 3 54

The results of the investigation also allowed us to conclude that the game presents
a challenge better calibrated for Gr.2 (Hospital), than for Gr.1 (Cultural Association/
Senior University). Remember Gr.2 contains players with cognitive limitations (some
with already diagnosed cognitive pathology), the opposite occurs in Gr.1 (people
without diagnosed cognitive pathologies). Evidence for this calibration with Gr.2 is
the number of correlations between the MoCA and some of the gameplay variables,
where Gr.2 presented a significant amount of correlations when compared to Gr.1.




Group:

o OGroup 1
' Group 2
. o ooo o F= Linear = 0,537

Highest Level

T T T T
a £l 10 15 20 25 30

Total Score

Fig. 4. Total Score (MoCA) and Maximum Level (Game) by Group 1 and 2.

When we put together both sample groups, still not a random sample, we gain a
perspective from which we can notice a promising trend line correlating performance
in MoCA test with in game performance (Highest Level Achieved), thus justifying the
need and usefulness of further investment in testing this approach (Figure 4).

5 Conclusions

The objective of this research was to design and test a serious game to be used for
cognitive stimulation and assessment with older adults (with and without cognitive
impairment) using a mobile device.

The results suggest that this game is more calibrated to users from Group 2 profile
(clinical sample). This is confirmed by the great number of correlations between
MoCA variables (Executive Function, Attention, Orientation, Total Score) and game
variables (Highest Level) in this sub-sample. In contrast, a ceiling effect occurred in
Group 1 in which a higher level of difficulty was not associated with the performance
in several cognitive domains. Thus, with healthy subjects, the game performance was,
in addition to age, only dependent on the capacity to understand the rules.
Additionally, the time for level completion didn’t correlate with level difficulty. Thus,
time was not useful to determine the player performance.

In the general analysis of the game and results it is possible to conclude that the
game in the current conceptual form seems adequate to be used as an evaluation
instrument, when compared with a screening a screening test, with elderly population
(with or without cognitive pathology), however, as a device for cognitive exercise, it
can be quite demotivating for cognitively healthy people because as mentioned, the
current game design does not appear to be challenging for cognitively healthy people.

Thus, this research provided a case study in the development of Serious Games for
cognitive screening, which can be used independently by players repeatedly as
cognitive exercise, and this reinforces the idea that games are relevant tools that can
be used as a stimulus supplement (exercises), assessment of the players and may offer
useful information to the professionals involved in the care of the patients. The design



issues identified point to the need for tuning this type of games for a more linear
progression of challenge. In accordance with the current results and limitations, future
work should include removing randomness in sheep direction, improving game
communication to compensate for anxiety due to cognitive impairment or lack of
familiarity; Testing with homogeneous groups (e.g. patients with a particular
diagnosis).
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