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Abstract

With our rapid aging society, more and more people are
suffering from dementia. This increase puts a great
strain on the healthcare sector, as well in cost as
manpower. This calls for research of reliable and
regular assessments that can screen for Mild Cognitive
Impairment (MCI), the precursor to dementia. We see
that this call is answered with more and more cognitive
screening games being developed. However, most of
these games are based on existing tests, often lacking
in adherence and enticing gameplay. This paper
discusses the possibilities of meaningful play, and more
specifically, Klondike Solitaire, as a cognitive screening
test. We report on the results of an analysis of player
actions in Solitaire with 3 health professionals that are
experts in the domain of MCI. Results suggest that
Klondike Solitaire can be used for such an assessment,
and that this would be a valuable additional tool for
longitudinal assessment.
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Figure 1. Percentage of gamers,
according to The Entertainment
Software Association

Introduction

The past year, 236 billion dollars was payed to cover
the costs for healthcare, long-term care and hospice of
dementia in America. This cost is projected to increase
to one trillion dollars in 2050 [6]. In Europe, these
costs are estimated at 200 billion euro in 2015 to 250
billion euro in 2030. Up to today, no medicinal
treatment is available to prevent or stop Alzheimer's
Disease, the most prevalent type of dementia [29].
There are medicinal treatments which slow the
progression or improve symptoms, but these are often
temporary and effectiveness varies from patient to
patient [6,35,46]. However, early detection is
beneficiary for the patient. Ensuring the best sources of
support, timing of medicinal treatments, careful
planning and informed decisions[29,30,37,38].

This is why in the last years, research has shifted
towards detection of mild cognitive impairment (MCI).
This precursor to dementia affects between 15% and
20% of persons 60 years and older [39]. Currently, a
myriad of cognitive batteries exist to assess for
cognitive impairments [12,13,20,21,24,33,44]. In
addition, short screening tests exist, the most popular
being the Mini Mental State Examination (MMSE) [40]
and the Montreal Cognitive Assessment (MoCA) [36].
These tests are brief and easy to administer. However,
outcomes are dependent on the current state of the
patient. The feeling of examination, stress, dehydration
or simply tiredness can influence these momentary
measurements [2,3,9]. It is also known that these tests
are vulnerable to practice effects [14,32,41] and
sometimes administrator bias [25].

There are some games that can screen for cognitive
impairments. Korn et al. [28] analyzed and compared
CANTAB, Cogstate and Hamet, three computerized
assessment tools, while presenting a gamified tool
called GATRAS. Boletsis and McCallum [8] created
Smartkuber, a serious game that screens cognitive
health and compared its relationship with MoCA.
Manera et al. [31] developed ‘Kitchen and cooking’, a
serious game with the goal to assess and stimulate
executive functions. MoCHA (Monitoring Cognitive
Health using Apps)[23] is a collection of tablet games
that monitor cognitive health for elders with a risk of
developing Alzheimer’s Disease. Lastly, Tong et al. [42]
developed two games and provided proof that supports
serious games as a valid cognitive tool.

However, evidence shows that these custom made
games are not enjoyable for older adults. Wouters et al.
[47] found that many of these serious learning games
are not more motivating than conventional methods,
contrary to expectations. This is also found with these
games designed to assess and stimulate cognitive
function. Bozoki et al.[10] found large variations in the
amount of time devoted to game play, and a reluctance
to pursue more challenging levels. Ballesteros et al. [7]
found that long training schedules led to loss of
motivation, and Toril et al.[43] note that what
motivates older participants to practice the games in
the later sessions is not the training per se, but the
affective link established with the experimenter.
Ackerman et al.[1] found that of the 78 participants,
only 7 indicated they would continue playing Wii Big
Brain Academy after the study was over, and 49
emphasized they would certainly not. Finally, despite
the booming market, long-term adoption of brain
training games by seniors has been limited [18,27].
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Figure 2. Microsoft Klondike Solitaire

The Silver-haired Gamer

This reluctance to play ‘cognitive’ games is striking,
because research studies show that many older adults
game. According to The Entertainment Software
Association (Figure 1), as of 2016, 26% of gamers are
50+ years old. This segment is almost as big as the -18
years old and the 18-35 years old segment
(respectively 27% and 29%) [22]. Pew Research
Center, an independent American Fact Tank, stated
that in 2008 in the USA, 40% of people between 50-64
and 23% of people above 65 play games. For Europe,
the Interactive Software Federation of Europe reports
for 2017 that the reach of gaming increased from 21%
to 27% for people between 45 and 64 years old. In
fact, older gamers play more hours per week than their
mid-aged counterparts (6.2 hours compared to 7.5
hours) [26]. For Australia, the Interactive Games &
Entertainment Association (IGEA), reports that 39% of
elders aged 65-94 game [11]. Looking at these facts,
we suggest that there may be a mismatch between the
games that older adults enjoy playing and the types of
games that are currently used for the measurement,
screening and training of cognitive performance.

Meaningful Play

Therefore, we focus on measuring cognitive impairment
through ‘meaningful play’. With meaningful play, we
point to those games that are already played often and
perceived as enjoying and meaningful in and of itself.
By using meaningful play as an assessment instrument,
older adults can self-monitor without the extra effort of
doing a tedious battery of tests.

According to Allaire et al. [4], De Schutter and Maliet
[17], and Diez-Orueta et al.[19] meaningful play in
elderly life falls into three categories: digital card

games (e.g., Solitaire, Free cell), puzzle games (e.g.,
Crosswords, Sudoku’s), and finally Wii games (e.g., Wii
bowling, Wii tennis).

Characteristic of meaningful play is that games allow
for connectedness [5,15]. This does not imply that
these games allow for co-play, rather that the games
are part of the social fabric of elderly life. They have
been appropriated by older persons and are not part of
the reductionist discourse that focuses on gameplay
solely to measure decline. While seniors do not play
these games for serious/medical purposes, these
games may still be used to measure cognitive
performance. Such games may equally demand
attention, memory, visuospatial processing, reasoning,
and executive skills. In addition, they are suitable for
frequent and longitudinal monitoring within individuals
as these games are played regularly. We hypothesize
that by using games that older adults perceive as
inherently meaningful, screening of cognitive
impairment will be more frequent and reliable.

Using Klondike Solitaire to assess MCI

Today, Klondike Solitaire (Figure 2) is the most popular
version of Solitaire [34] and particularly enjoyed by
older adults [4,16], thus fitting the criteria of
meaningful play. Hence, we aim to investigate whether
Klondike Solitaire can be used to screen for MCI.

Therefore, first a thorough study of strategies for
playing Solitaire was done and an analysis of game play
actions was conducted by three researchers in the
domain of HCI and neuropsychology. As a result of 22
player actions (e.g. User moves a card onto a card with
the same color) were defined in a series of iterations
conducted. Next, in collaboration with a



neuropsychologist, ten cognitive functions were
specified which are also tested by cognitive screening
tests. Next, these 22 player actions were scored for
every cognitive function by three different health
professionals in the domain of mild cognitive
impairment (a geriatric professor and 2
neuropsychologist that screen patients who visit the
memory clinic). Scoring could vary between 0 (not
correlated), 1 (weakly), 2 (moderately), and 3
(strongly correlated to the cognitive function). For each
player action, the interrater reliability was calculated.

Results of the scoring suggest that primarily Attention,
Executive Function, Object Recognition, Abstraction,
and Memory are used while playing Solitaire. These
cognitive functions are also tested in traditional pen-
and-paper cognitive screenings. Hence, these results
support the hypothesis that Klondike Solitaire can be
used to screen for mild cognitive impairment.

However, it was noted by the healthcare professionals
that it would be difficult to determine which cognitive
functions are impaired based purely on gameplay
alone. Traditional tests are developed to focus on one
cognitive function at a time, while player actions in
Solitaire gameplay demand multiple cognitive functions
simultaneously. Nevertheless, this was not considered
a problem as the goal is to screen for cognitive
impairments, not to assess cognitive functions.

The format of the tool was described by healthcare
professionals as unique, containing advantages from
screenings tests (being an indication, low effort, not
time consuming for the caregiver) and advantages from
test batteries (more thorough). Moreover, health
professionals emphasized that the prolonged period of

play would make the screening less prone to misleading
results due to temporary ailments and effects of the
location (hospital environment). In addition, it would
allow for detecting cognitive fluctuation, a symptom of
vascular and Lewy body dementia which causes
temporary changes in cognition, attention, and
arousal[45]. Lastly, practice effects would be less
present as every Solitaire game is unique.

Discussion and Conclusion

We explored Meaningful Play, and in particular Klondike
Solitaire, for the screening of MCI. We hypothesize that
by using meaningful play instead of serious games,
adherence will be better. Moreover, the natural
environment in which this gameplay takes place,
combined with the fact that this gameplay lends itself
to longitudinal screening, this may lead to more
accurate results. This can lead to unique possibilities of
monitoring patients in a nearly effortless way.

Our first exploration of game play actions and the
cognitive functions that are required to play Klondike
Solitaire, suggest that this may be valid. However, we
acknowledge that currently, only 3 health professionals
were involved. We will repeat this analysis at a larger
scale, with more health professionals. As a next step,
we will investigate the use of data analytics and in
particular machine learning techniques to capture and
analyze player actions further. Ultimately, our goal is to
design an additional tool for longitudinal screening of
mild cognitive impairment. However, general questions
arise as how reliable and specific longitudinal
monitoring by means of meaningful play is, compared
to tailored traditional tests. Questions we aim to
answer in following research.
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