
  

Screening for Mild Cognitive 
Impairment through Digital Biomarkers 
of Cognitive Performance in Games 

Abstract 

This extended abstract describes the ongoing “Dr. 

Solitaire” project, which explores the possibilities of 

commercial off-the-shelf games to detect mild cognitive 

impairment by means of digital biomarkers of cognitive 

performance. A toolkit using computer vision and image 

processing was built for the standard Microsoft Solitaire 

Collection to capture these digital biomarkers at real-

time. Preliminary studies conducted to detect cognitive 

decline due to cognitive ageing imply that cognitive 

decline can be detected through card gameplay and 

that machine learning algorithms can be trained to 

detect the intricacies of cognitive decline.  
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Introduction 

Around the world, every three seconds a new case of 

dementia arises. In 2018, 50 million people were living 

with dementia. This number is projected to reach 82 

million by 2030 and 152 million by 2050. The total 
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estimated worldwide cost, not including the emotional 

toll taken on friends and family, is estimated to be one 

trillion US dollars in 2018 and two trillion US dollars by 

2030[36].  

Next to this influx of new cases, one of the greatest 

challenges of dementia is detecting the illness in early 

stages, where irreversible neuronal damage is still 

limited. The precursor stage of dementia is referred to 

as mild cognitive impairment (MCI) and can be defined 

as “the borderland between the cognitive changes of 

aging and very early dementia”[29]. Detecting 

dementia in this early stage is crucial; to mitigate 

disease progression, to make decisions, to follow-up 

and ensure necessary support for relatives, and to 

timely start cognitive therapy or medicinal treatments 

(e.g. donepezil)[8,22,24,28,30]. These steps are all 

crucial to prolong and improve quality of life. Despite 

the importance of early detection, studies report that 

35% to 90% of dementia cases are overlooked and that 

there is a severe underdetection of cognitive 

impairments [4,9,32].  

There are four prominent challenges of conventional 

neuropsychological assessments that need to be 

overcome to tackle these issues[13]. First, assessments 

are obtrusive. They require the frail older adult to 

spend time and resources to go to the memory clinic, 

breaking their regular routine. To be better equipped 

for challenges of the future, new neuropsychological 

tools should be less obtrusive. Second, assessments 

have low ecological validity. The tasks performed 

during neuropsychological assessment are different 

from everyday behavior, require discrete responses to 

single events, and are conducted in controlled 

environments [14]. To improve ecological validity, such 

a tool should be incorporated in daily life, with serial or 

even parallel responses to a stream of tasks [14]. 

Third, they are episodic, only providing momentary 

snapshots of the patients’ cognitive status. These 

infrequent single-point-in-time measurements make 

the results vulnerable to unwanted factors such as 

tiredness, stress, or dehydration [1,2,7]. Ideally, 

assessment should happen on a frequent basis (i.e. 

weekly or even daily), increasing the temporal and 

spatial resolution of data [15]. These repeated 

measures could lead to a more clear personal cognitive 

profile, as opposed to comparing results to standard 

scores, sensitive to small deviations in cognitive 

performance[27]. Finally, assessments are labor 

intensive and thus poorly scalable. Thorough 

neuropsychological assessment requires resources such 

as space, staff, and equipment. Looking at the fact that 

most new cases of dementia will arise in emerging 

countries, where resources are more limited (Figure 1), 

 

Figure 1. Number of dementia cases in emerging countries 

compared to high income countries, adapted from [22]. 
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this scalability issue will become more and more 

imperative in the future[35]. 

These impending issues have spurred calls across 

multiple instances. In 2017, the World Health 

Organization endorsed the Global action plan on the 

public health response to dementia, focusing amongst 

others on diagnosing cognitive impairments in an 

earlier stage[34]. More recently, in June 2019, the 

Canadian government has published its first national 

strategy on dementia, freeing up to 70 million dollars 

for initiatives in the field[37], with one of the areas of 

focus specifically directed at enabling early diagnosis.  

As a response to these calls, impending challenges, and 

the need for an extra tool for neuropsychological 

assessment, this research project was devised. It 

explores a novel method to detect and monitor 

cognitive impairments by capturing cognitive 

information through causal gameplay. More specifically, 

we capture this cognitive information in the form of 

digital biomarkers of cognitive performance found in 

the card game Klondike Solitaire [25]. 

Research Objective 

The main objective of the Dr. Solitaire project is to 

explore whether Klondike Solitaire can be used to 

detect MCI. To this end, we focus on answering the 

following questions: Which cognitive functions are 

primarily addressed while playing Klondike Solitaire? 

Which digital biomarkers, found in Klondike Solitaire, 

are most indicative of cognitive performance? And 

finally, is it possible to detect cognitive fluctuations 

[23], the phenomenon of temporary alterations in 

cognition, attention, and arousal via play of Solitaire? 

Meaningful Play for Meaningful Results 

Detecting cognitive status by means of games is not a 

novel concept; for years researchers have explored the 

possibilities of games as medium to extract cognitive 

information[5]. Games provide rules and playful worlds 

which push players’ to exert effort [12]. They are a 

natural source of information on behavior, cognitive 

performance, motor performance, social behavior and 

affect [25]. This has inspired exemplar games such as 

Space Fortress and Sea Hero Quest [11][26]. 

Unfortunately, these serious games (“Games with a 

serious goal, rather than entertainment, enjoyment or 

fun, as their primary purpose” [16]) face other issues. 

Their funding is often limited when compared to AAA 

developers. As such it is likely that the game will be 

outdated by the time the game is programmed, funding 

is gathered, and medical ethical clearance is approved 

[10]. In addition, the gameplay can be a frustrating 

experience, as they are developed by psychologists and 

not game developers[5]. As a consequence, such 

games can suffer in engagement, especially in 

longitudinal studies[6]. 

That is why recently, research has pivoted towards 

detecting cognitive decline using meaningful play (i.e. 

commercial off-the-shelf games that are part of the 

social fabric of the gamer’s life) [3,20,21,31,33].  

Research Approach 

Our research approach is be divided into four main 

components. 

1. An expert study to define the most prominent 

cognitive functions addressed in Klondike Solitaire. 
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2. A composition of digital biomarkers of cognitive 

performance and building of tools to capture said digital 

biomarkers. 

3. A study to define the characteristics of MCI in 

gameplay, using machine learning models to discern 

older adults with MCI from their healthy counterparts. 

4. A longitudinal study to further investigate the 

impact of MCI on game performance, focusing on 

detecting cognitive fluctuations and the creation of 

individual cognitive profiles. 

 

Results 

A preliminary work-in-progress study, where 22 player 

actions of Klondike Solitaire were mapped to 10 

cognitive functions, by experts in neuropsychology and 

MCY, indicated that the most prominent cognitive 

functions addressed while playing Klondike Solitaire 

were attention, executive function, object recognition, 

abstraction and memory. In addition, the experts 

remarked that such a tool would be valuable for its 

possibility to screen cognitive impairments 

longitudinally, in a non-intrusive way, whilst being less 

susceptible to practice effects[17]. 

To investigate the possibilities of card games to 

measure cognitive performance, A toolkit was built 

using  computer vision and image processing to analyze 

card gameplay from the standard Microsoft Solitaire 

Collection. Results showed that this technique allows 

for unobtrusively measuring digital biomarkers of 

cognitive performance at real-time[18].  

Using this toolkit, a first exploratory study was done to 

assess cognitive decline due to cognitive aging. Digital 

biomarkers of cognitive performance were collected 

from three distinctive age groups (18-25,40-55,65+) 

with 52 participants, playing for a total of 130 game 

rounds. We found features retained for the model to 

support theories on fluid intelligence and cognitive 

functions sensitive to cognitive aging. When training a 

machine learning model to discern age groups, 

performance metrics suggest that our model is 

successful in classifying young and older participants. 

However, classification of middle-aged players showed 

to be problematic [19].  

Future work 

These prior studies were critical in validating Klondike 

Solitaire as game of choice, testing our toolkit, and 

piloting the capabilities of machine learning to assess 

cognitive decline. The results strengthen us to further 

pursue the possibilities of digital biomarkers in digital 

card games to detect MCI. 

First, a study is planned with older adults with MCI and 

healthy older adults. Cognitive test batteries will be 

taken from every participant to be able to correlate 

cognitive functions to specific gameplay behavior. In 

addition, machine learning models will be trained to 

test the viability of screening for MCI.  

Finally, a longitudinal study is planned where older 

adults with MCI and healthy older adults will play the 

game for a longer period of time. In this study we 

verify whether cognitive fluctuations can be detected 

and see where both groups differ in cognitive profile. 

Additionally, we will investigate whether retention rates 

are better when playing Solitaire than when playing a 

serious game for the assessment of cognitive 

functioning. 
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