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Abstract 
Several works in the literature show the importance that serious digital games have in maintaining the 
cognitive levels in the elderly population. We describe the conception and user experience of a digital 
puzzle game targeting the senior population, either institutionalized, being taken care at home, or living 
autonomously. It is well known that puzzle solving is a highly intensive mental process which strengthens 
mental fitness and slows the natural degradation process that comes with ageing. We focused not only 
to create an engaging experience but also, supported by some scientific evidence, implement some 
features to train their mental abilities which are known to degrade over time; in an attempt to slow or 
even revert such degradation process. The game was used in 4 different elderly care centres, by more 
than 40 selected seniors with different profiles, in order to evaluate and benchmark the fulfilment of the 
work aims.   

Keywords: Serious game, puzzle, elderly, memory and mental training, non-formal learning, playful 
learning. 

1 INTRODUCTION 
Nowadays, with the advances in medicine and increasing awareness of the effects of life-style and its 
long term influence on mental and physical health, people in average live longer. Such reality push 
further the eager for an extended life span. In fact, despite the controversial paper “Why I hope to die at 
75”, written by Dr. Ezekiel Emanuel, bioethicist and oncologist who advised President Obama on health 
care; in a survey from the Pew Research Center, nearly 70% of American adults said they wanted to 
live up to 100 years old. In this thinking, the director of Emory Center for Ethics Paul Wolpe says “The 
quest to live forever, or to live for great expanses of time, has always been part of the human spirit… 
The thing that is most difficult and inscrutable to us as mortal beings is the fact of our own death”.  

Data shows that, in recent years, the majority of the developed countries has an increasing number of 
elderly people. However, to live longer does not imply to live healthier, and many of those people are 
being institutionalized due to medical conditions such as Alzheimer's and Parkinson's diseases, and 
generally mental and physical degradation (e.g. arthritis, hypertension, diabetes, cardio-respiratory 
illnesses, hearing and vision impairments, and depression). 

Apart from medical actions, long-term and regular training has proven to be effective to improve 
performance on both physical and cognitive tasks such as executive function, long-term memory and 
attention, and has a positive impact on brain function, e.g. see [5,7,10,14,15]. In particular, Basak et al. 
[2] found better performance in task switching, reasoning, working memory, and visual short-term 
memory after a real-time strategy video game, which indicates the enhancement of executive control 
process, while other team insists training older adults with non-action video games enhances attention, 
immediate and delayed visual recognition memory, and processing speed except working memory and 
executive control. 

Along with the aging of the population and the expectation of the elderly to be physically and 
psychologically healthier, there is an imperative need to take effective interventions to improve or at 
least maintain cognitive function in normal ageing people. A possible approach to the problem is to 
produce serious games specially designed for the task. Serious games are games aimed with a primary 
purpose other than pure entertainment (e.g. see Rego et al. [13]) and focusing on educational, 
assessment, and/or therapeutical issues.  

Several works in the literature show the importance that serious digital games have in maintaining the 
cognitive levels in the elderly population [3,4,5]. However, there are important factors which limit their 
effective use, as the game rules complexity and diversity, motivation and empathy with the tasks to be 
carried, users’ abilities to deal with technology (e.g. understanding the functionalities of a mouse device), 
physical limitations (e.g. mobility, reduced vision), psychological and mental limitations (e.g. reduced 
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memory, social embarrassment), and behaviour limitations as neophobia (i.e. fear of newness or 
novelty). While addressing the previous factors, serious games need to find an adequate balance 
between the difficulty required in the game tasks and the user capabilities, in order to be able to maintain 
the elderly interest but still challenge their cognitive skills. Such implies that serious games for elderly 
people must have a clear and smooth way to tune the difficulty of the game level. Puzzle games seem 
to be good candidates for accomplishing the above requirements by changing the number of puzzle 
pieces, the number of allowed transformations (e.g. rotations, reflections), colour stimulation, and/or 
theme selection of the puzzle images. Moreover, the rules are simple and intuitive, and there is a high 
probability that elderly people has already played some version of a puzzle. 

Hao and Miao [8], in a survey about serious games, considered three classification categories: cognitive, 
gameplay, and game structure; and 21 dimensions distributed as: motor, attention, memory, language 
and auditory processing, visual and spatial processing (dimensions of the category cognitive); adaptive 
difficulty, social interaction, engaging, immersive, motivation, biofeedback, problem solving (dimensions 
of the category gameplay); flexibility, clinical validation, customizable, portability, assessment, 
simulation and interactivity (dimensions of the category game structure). Based on these dimensions, 
several existing games are reviewed and compared in [8], which can be one of the references for the 
development of new games. 

In this work, we discuss the current results of a Geometrix1 project and its main goals; in which we 
developed a digital puzzle game targeting the elderly, that enables them, with or without the aid of 
caretakers, to exercise their mind on a regular basis, with a customised experience that simultaneously 
records information about its use (i.e. game setup and daily usage) and scores obtained (i.e. 
performance).  

2 GAME CONCEPTION AND DESIGN 
We briefly describe the conception behind the implementation of a digital puzzle game targeting the 
senior population, either institutionalized, being taken care at home, or living autonomously. It is well 
known that puzzle solving is a highly intensive mental process which strengthens mental fitness and 
slows the natural degradation process that comes with ageing, see [6,9,11,15]. In the proposed game, 
we tried not only to create an engaging experience but also, supported by some scientific evidence, 
implement some features to train their mental abilities which are known to degrade over time; in an 
attempt to slow or even revert such degradation process. 

By enabling the customization of the game experience, we aim to provide a more engaging product that 
the elderly would find appealing to use on a daily basis. We also have kept in mind the nostalgia-based 
principle, allowing players and caretakers to use images that have a high emotional impact on players. 
Our game-base of choice were puzzle games. These games have a small and simple set of rules, and 
are probably known by the vast majority of elders, having played it themselves before, either alone or 
with their children or grandchildren. Also, puzzle games can be configured in a simple way to provide 
many degrees of difficulty in a fine tuned way, simply by setting the number of pieces to use, the 
transformations applied to each piece, and the choice between a colour(full) image or a grey-scaled 
one. 

The game is presented with a careful set of images from several sources. A preloaded gallery covers a 
wide range of popular themes (e.g. animals, nature, social gatherings) and targeting personal issues as 
the degree of visual impairment and cognitive/memory degradation. To further promote engagement, 
users can also customize the game experience by selecting themselves images from online resources 
(as google image) or images stored on their devices. Additionally, relatives or friends may remotely send 
images to the user’s account which may further promote their willing to play, if the images have some 
emotional connection attached. By saving data to a central server, caretakers can monitor the elderly 
activity and difficulties which may help to early diagnose their mental degradation. Since the game data 
is gathered with the informed consent of all the players, our second aim is to analyse the statistical data 
collected together with complementary medical information, in order to measure/determine some of the 
effects of playing digital puzzle games in the long term of mental degradation/fitness.  

 
1 Geometrix, a strand line of CIDMA (Center for research and Development in Mathematics and Applications), is a research and 

development line, interdisciplinary-oriented, targeted at assorted target groups (running from primary to higher education level), 
committed to the study, use and creation of intelligent digital environments to promote knowledge and skills in mathematics, 
reflecting a transformation in the way they are grasped and applied. Under this wide-range scope it was developed a serious digital 
game for the elderly. 
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Therefore, considering the serious games taxonomy introduced by Hao and Miao [8], the current version 
of the puzzle game may be classified as shown in Table 1. 

Table 1. Characterization of the puzzle game with respect to the Hao-Miao’s dimensions; 
 * dimensions are planned to be improved in the future. 

 Low Medium High 

Cognitive - motor 
- language and auditory 

processing 

- memory* - attention 
- visual and spatial processing 

Gameplay - social interaction* 
- biofeedback 

- engaging* 
- immersive* 

- adaptive difficulty 
- motivation 
- problem solving 

Game 
Structure 

- clinical validation* - body flexibility 
- assessment* 
- simulation and interactivity 

- customizable 
- portability 

The Hao-Miao’s dimensions should be interpreted as follows: motor (whether the game is developed for 
elderly with stroke and other brain injury illness to recover motor ability), attention (improve substantial 
concentration), memory (whether the system could be intelligent enough to learn the profile of this user 
and continue where he left from), language and auditory processing (how does elderly differentiate and 
comprehend sounds and generate verbal output; fitting elderly hearing functions), visual and spatial 
processing (how elder process visual effects like graphics); adaptive difficulty (whether the game could 
adaptively adjust difficulty), social interaction (allow users to interact to each other and also improve 
moral support and knowledge sharing), engaging (what type of interaction/interface design to engage 
the elder), immersive (content focus and entertaining), motivation (existence and type of rewards and 
scoring system), biofeedback (use of biosensor to provide information in game design), problem solving 
(the aims and steps taken for elderly to complete a task); body flexibility (does the game require certain 
flex action to play, as dance movements), clinical validation (proofs or evidences to justify the approach), 
customizable (consideration of different players’ tastes or cognitive abilities), portability (whether the 
training could be conducted by the own users), assessment (how the is the data assessed and 
interpreted into meaningful information to users and professionals), simulation and interactivity (how 
simulation with interactivities affect the overall result of the game). 

3 ARCHITECTURE AND INTERFACE 
The game was developed as a browser-based game, with standard HTML, CSS and JavaScript 
technologies, so it can be available to a large number of users in different platforms. All they need is a 
computer and an Internet connection. Although, the game can also be played offline. 

 
Figure 1. the game main screen 

 
Figure 2. the puzzle challenge screen 

The interface uses a cheerful palette, big round font, and a minimalistic design providing only the 
necessary information with no distracting text or images (see Fig. 1-2). The interface main language is 
Portuguese. 
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The puzzle challenge is presented in a screen divided vertically in two equal parts. At the left, the original 
image chosen. At the right, the same image cut in a rectangular grid, with the pieces randomly arranged. 
The intention is to provide both images (the original and the puzzled version) as big as possible to 
circumvent some visual impairments and to provide a visual guide to the goal, to circumvent possible 
memory losses. 

At the top left side of the screen there are some icons and information always present: 

• An icon that gives access to a menu with all the game sections (screens); 
• An icon that automatically selects an image from the current in-game gallery, frames and cuts it 

into the selected number of rows and columns, generates a puzzle challenge and presents the 
main game area; 

• Three icons showing the number of different achievements obtained so far; 
• The total score for the current player. 

3.1 Main Screen 
The main entry screen (Fig. 1) provides a typical app menu giving access to all game’s areas: 
configuration and personalization, image and area selection, puzzle generation, and scores. 
Simultaneously, a more verbose text menu starts with a header question: “What do you want to do?”, 
offering a small set of well-defined options:  

- Generate a random puzzle; 
- Personalize the game;  
- Pick an image from the on-game gallery; 
- View scores and statistics. 

Also, a small motivational section shows the user how many puzzles were solved that day and how 
many points were achieved (see [4,12]). 

3.2 Personalization and Configuration 
The game configuration (Fig. 3) offers the following options:  

• The number of rows and columns to cut the original image into a grid; 

• The possibility to force a square piece layout or a natural rectangular one; 
• The possibility to apply rotations to square pieces (rectangular ones cannot be rotated); 

• The possibility to use a decorative frame as an extra visual cue, and, if so, which image to use as 
a frame from a preselected group of four; 

• The use of sound effects or a silent game experience; 

• The possibility to use particle effects (they can contribute to a cheerful experience but can also 
be distractive and even disruptive to some users); see Fig. 5-6; 

• The selection between a typical mouse interaction with the pieces using drag and drop or a 
simpler one using only a click to select the piece and a second click to select its destination; when 
using the Mouse, there is no distinction between left and right buttons: a click action can be made 
interchangeably with either button; 

• The possibility to interact with the computer using a MS Kinect device, hand gesture, instead of a 
mouse: moving the hand makes the on-screen cursor follow it and making a fist is interpreted as 
a click (see [1,3]); 

• The possibility to select an image from the local device or even an image from an online resource 
providing its URL. 

3.3 In-game Theme Gallery 
The game is presented with a preloaded gallery divided into 12 popular themes (see Fig.4). The 
categories are: animals, flowers, food, monuments, natural landscapes, objects, other, people, rural 
landscapes, transportation, and water landscapes. Users can select a theme and then an image from 

3438



the thumbnails within that theme. In alternative, the user can click a button to select either a random 
theme or both a random theme and image. 

 
Figure 3. configuration screen 

 
Figure 4. gallery screen 

3.4 Image Crop 
After having selected an image it is presented as big as possible on screen and the user can select an 
area to use as the puzzle challenge. Initially the hole image area is selected. Users can then select a 
smaller region, to isolate a point of interest (for instance, a face). Buttons are also available to reduce 
and augment the selected area and select the hole image. After selecting the area of interest, the user 
clicks the Crop button and the challenge game area is presented. 

 
Figure 5. sparse particle effect 

 
Figure 6. dense particle effect  

3.5 Challenge Game Area, the Puzzle 
The challenge game area, as stated before, presents both the original image (selected area) at the left, 
and the challenge at the right; both as big as possible, with the same dimensions. At the right side, the 
puzzle image consists of the original image cut into a grid (of rectangles or squares) with shuffled pieces. 

At the top of the screen there are two buttons: 

• Clue «Pista»: clicking this button the game shows how to act on a piece to move it to the correct 
location (or how to rotate it to the correct side). The is no limitation to the number of clues used, 
so this clue system can be used as an effective tutorial on how to interact with the game and solve 
a challenge (Fig. 9-10); 

• Shuffle «Baralhar»: clicking this button, the puzzle images are reshuffled, providing a similar but 
different challenge. 

When the puzzle is solved, a positive feedback message is shown stating that the puzzle was solved, 
with a motivational sentence and the score achieved. The score takes into account the number of 
movements and rotations made and the minimum required to solve the puzzle, and the number of clues 
used (Fig. 11). 
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Figure 7. moving a piece 

 
Figure 8. rotating a piece 

 
Figure 9. clue for moving a piece 

 
Figure 10. clue for rotating a piece 

3.6 Statistics and Achievements 
To promote a further engagement with the game, and instigate the will to do more and better, a list of 
the puzzles solved is presented. This list is sorted by the total number of pieces the original image of 
cut into, if rotations on pieces were used or not, and how many puzzles of that category were solved. 
Also a list of achievements is presented: the number of different categories solved; the number of 
performance actions; and the total number of puzzles solved (Fig. 12). 

 
Figure 11. example of a score dialog 

 
Figure 12. achievement and statistics screen 

4 USER EXPERIENCE AND RESULTS  
The game was already tested in 4 different elderly care centres, by more than 40 selected seniors with 
different profiles. Here, we describe the results of a small set of 19 users. 

4.1 Characterization of the Users 
According to consent either from the elders or their family we recorded personal data and usage 
statistics for some users:  

- Total users with data recorded:19 
- Male: 9 
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- Female: 10 
- Average school years: 4.6 [3 – 9] 
- Auditory perception: 1.63 [1 – 3] 
- Motricity: 1.76 [1 – 3] 
- Vision: 1.68 [1 – 3] 
- Communication: 1.27 [1 – 3] 
- Cognitive capacity: 4.14 [1 – 5]  

Table 2. Players characterization and difficulties. 

ID
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1 M 85 1 1 1 1  N.A. V MS+ S S H  
(puzzles 4x4) 

2 M 100 3 3 2 1 G VP A  L  A 
3 F 86 1 1 1 1 QG N   A L  A 
4 F 81 1 1 1 1 G N   A H A 
5 F 71 1 3 1 1  N.A.  VP MS NM H 
6  F 92 1  N.A. 1 1  N.A.  VP MS NM H 
7 M 89 2  N.A. 3  N.A.  N.A.  P A  L S 
8 M 90 2 2 1 1 G N  A  L H 
9 M 81 2 3 2 1  N.A.  N  A H  A  
10 F 92 1 1 1 1 QG N  A  L  N.A.  
11 M 59 2 1 2 2  N.A. V MS+ S A 
12 F 76 2 1 2 1  N.A. N  N.A. N.A.  N.A.  
13 M 70 1 1 3 1 G N A N.A.  A  
14 F --  1 1 1 1  N.A. N  A  N.A. A  
15 M 62 2 3 2 2  N.A. V A  N.A.  A  
16 M 69 1 2 2 2  N.A. VP A  N.A.  A  
17 F 79 3 2 2 2 A P MS+ S S 
18 F 90 3 3 3 2  N.A.  N  A L H 
19 F 73 1 1 1 1  N.A. N   A S L 

Legend: 
1 – no difficulties; 2 – some difficulties; 3 – several difficulties 
A – average; G – good; H - high; L – low; M – with motivation; MS – with motivation and satisfaction; MS+ – with high 
motivation and satisfaction; N – none; N.A. – information not available; NM – no mouse usage; P – with physical help; QG – 
quite good; S – some; V – with verbal help; VP – with verbal and physical help. 

Table 3. Some additional comments to players characterization and difficulties. 

IDs Some additional comments 

1-7, 10, 11, 15-19 Liked very much the general experience 

2, 17, 19 Would like to use family pictures 

3 Had already had some computer experience 

4, 10, 17 Liked very much the image galleries in general 

5 First time using a computer 

5-7  Liked the animals gallery 

9 Did not found interest in the game, would prefer to use paper and pencil instead of the 
computer 

11 Liked the food gallery 

15 Liked the landscape gallery 
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4.2 Results 
Important aspects to be pointed out: 

• For the vast majority of the users, this was their first interaction with a computer; they all were 
familiar with puzzles and had none or minimal problems understanding the interface and the 
interaction; 

• The main problem for them all was the use of the mouse, and the point and click interaction; even 
with a custom hand cursor (with almost half an inch of side and contour), they needed some 
guidance on how to move and when to click a mouse button; 

• Some users simply decided not the use the mouse at all, solving the puzzles pointing at the screen 
and stating «I want to move this piece from here to there», and the caretaker took the action (a 
touch device could be an option, but none were tested because we had only access to small 
screen ones, not fit to the elderly); 

• With the Kinect device, the interaction was easier but in most cases the device had problems 
interpreting when the user was making a fist: with the hand on the air, we tend to relax the fingers, 
thus giving an ambiguous input; 

• Also with the Kinect, ambiguous input situations were detected for users with little finger mobility 
caused by arthritis and similar motor problems; 

• A user in wheel chair had no problems interacting with the device after adjustment of the camera; 
• All the users found the experience captivating and funny and stated that would like to play the 

game on a regular basis; 
• In a few cases, and with informed consent, images of the users (either of themselves, taken with 

a mobile phone at the moment; or with pictures of relatives taken from their Facebook account) 
added an extra layer of emotional connectivity with the game and motivation to solve the puzzle; 

• Some images performed badly because they lacked contrast; 
• Images from the city, with points of interest as churches and markets, and images from the city 

by the time they were young had a positive impact on the elderly; 

• Some users were reluctant to participate in the experience only because they were told the team 
came from the university (to do a study) and they felt they were not up to the task, that is, feared 
to perform bad; 

• Note that even for most of the users this was the first time they interacted with a computer, they 
were not afraid to engage in the experience (except for those noted in the previous point); most 
of them were never left alone playing the game, either the caretaker or one of our team was 
always by their side available to explain and aid whenever necessary, and providing positive 
feedback; 

• For most, if not all of the elderly, one of the more important aspects was the social interaction with 
the caretakers and the ones from our team when explaining the game and providing help, thus, 
even with digital games, the social component and peer interaction is important and can (should, 
whenever possible) be thought of and included. 

5 CONCLUSION AND FUTURE WORK 
A digital puzzle game targeting the senior population was discussed in this work. The game was tested 
in 4 different elderly care centers with more than 40 users. Although, users’ comments and the 
experience results are promising (see Section 4), they also point to issues to be improved and new 
features to be developed in a future version (e.g. the possibility for a family member to send an image 
which the elderly will only be able to look after completing a puzzle with such image). Further, according 
with the feedback collected with the elder’s aid, some improvements may be a priority: 

• Redefine the main screen (entry menu) and make it simpler; 

• Redefine the in-game gallery, taking into account the cognitive level of the user; 
• Customize the random selection of images, taking into account user preferences (ex: given an 

image, the user could classify it in a 1 to 5 scale of like/dislike); 
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• Insert a sense of progression, by means of levels (using the game settings already available in 
the personalization screen). 

As exposed in Table 1, in future versions we also intend to improve the Hao-Miao’s dimensions: 
memory, engaging, social interaction, immersive, assessment, and clinical validation. 
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