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Abstract 
Researchers and different efforts have identified several social, 
health, financial challenges, among others, with ageing population. 
Regarding health challenges, the World Health Organization 
encourages physical activation programs to promote healthy 
ageing. These programs aim to alleviate imminent musculoskeletal 
deterioration, or injuries that may occur. Severely increased 
deteriorations may affect older adults’ movement patterns, 
affecting their autonomy, control, or force. The only way to reduce 
this deterioration is through physical activation. Therefore, medical 
gerontology considers physical activity as one of the best tools to 
improve health and prevent many diseases. Within HCI, research 
has evaluated exergames as an alternative to engage older adults in 
physical activation. Exergames have become the technological 
focus of physical activity, stimulating physical activity through 
play and competition. However, it is unclear how to maximize these 
benefits. In this paper we present a set of design implications to 
improve inter-joint angle for older adults, and maximize activity 
with its precautions 
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1 Introduction 
Life expectancy has increased worldwide and by 2050, 

expecting we can expect 2 billion of older adults worldwide and 
from those, 434 million people will be among the oldest old (over 
80 years old) [28]. According to the World Health Organization 
(WHO) [28], 2018 was the first year where people can expect to 
live 60 or more years. Although Latin American countries are still 
comparatively young compared with developed countries like Italy, 
Japan, or Germany [12], ageing will create similar challenges as 
those in the developed regions of the world. 

Regardless of the country, governments and social institutions 
are planning and creating polices to aligning health systems with 
the needs of older populations, developing systems for providing 
long-term care, and commitment to healthy ageing [28]. 
Particularly, active ageing emphasizes the need for action across 
multiple sectors and enabling older people to remain a resource to 
their families, communities and economies with the ultimate goal 
to enhance the quality of life of older adults [26,28]. At the present, 
the WHO promotes enhancing the quality of life through healthy 
ageing, which is “the process of developing and maintaining the 
functional ability that enables well-being in older age” [27]. 
Functional ability comprises the intrinsic capacity of the person, 
meaning it entails all the physical and mental capacities of an 
individual. 

Faced with the challenge of accelerated population aging, the 
European Commission proposed in 2012 the application of a new 
cooperation framework for innovation in the field of active and 
healthy aging. The strategic plan adopted then focused its actions 
on three pillars: 1) prevention, detection and early diagnosis, 2) 
health care and care and 3) active aging and independent living. For 
this last pillar, the development of solutions based on information 
and communication technologies (ICT) that help older people 
maintain their autonomy, activity and mobility for as long as 
possible [30] by referring to the European Commission was 
proposed as a specific action. 

In a context common to all developed societies in which the 
phenomenon of population aging has more and more prominence, 
it can be understood as an achievement that people reach advanced 
ages and, at the same time, as a challenge that involves the active 
approach and satisfactory of this vital stage. The guarantee of aging 
well will depend on the ability to adapt to the changes that aging 
brings. Because this adaptation is a protective factor against the loss 
and decrease of personal resources that every aging process 
produces in physical, cognitive and emotional functioning [21]. 

An optimal physical trajectory of an individual across life 
implies her intrinsic capacity remains high until the end of life. 
Therefore noncommunicable disease prevention alone lacks of the 
capacity to promote an optimal physical trajectory in a person, thus 
compromising her well-being. In their Summative Review [3], 
Bauman et al. highlight the importance of promoting physical 
activity among older adults to preserve functional capacity, 
neuromotor abilities, balance co-ordination, reaction time, and 
neurological or cognitive health. 

Functional capacity and health are an important pillar for the 
quality of people’s social life: the level of functional capacity 
determines the extent to which they can manage autonomously 
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within the community, participate in different events, visit other 
people, using the services offered by society, and in general, 
enriching their own lives and that of those closest to them, in 
addition to older adults is crucial with regard to the way in which 
they can carry out and support the activities of daily life, which in 
turn affects your quality of life [7]. 

Different health organizations recommend physical activity 
guidelines given the importance of an individual intrinsic capacity 
in an individual’s well-being. For example the U.S. Department of 
Health and Human Services (DHHS) published a set of physical 
guidelines for 3 different age groups: children and adolescents, 
active adults, and active older adults [25]. For older adults, the 
DHHS recommend: 
1. Determine their level of effort for physical activity relative to 

their level of fitness. 
2. Understand whether and how their conditions affect their ability 

to do regular physical activity safely. 
3. At least 150 minutes of moderate-intensity aerobic activity a 

week or be as physically active as their abilities and conditions 
allow. 
The above requires older adults to possess the knowledge to 

determine their level of fitness, what are their physical abilities and 
whether or not they should exercise for more than certain amount 
of time in one session. Although we acknowledge the above 
information can be provided to an older adult by a physician, it is 
important to note how older adults living in less developed 
countries may not have access to certain health services [20]. 

Furthermore, activation programs may require certified 
trainers or older adults may have to go to specific facilities to 
receive these physical activation classes. Along with these 
challenges, it is important to consider all different and unique set of 
abilities for each individual. Therefore, exercises instructions have 
to be tailored to these abilities to each older adults needs. 

HCI and efforts on physical activation have explored 
exergames for older adults to mitigate the above challenges and 
promote active ageing. Their results are promising, finding how 
exergames can be engaging and promote physical activity. 
Nonetheless, several research effort focused on this but few efforts 
have explored gaming experienced based on functional capacity 
and customized movement based on each older adult’s physical 
capabilities, their evolution, and healthcare or biological 
restrictions. 

In this paper, we expand prior research on exergames for older 
adults by presenting the design and implementation of an exergame 
aimed to engage older adults in physical activity. Physical activity 
is one of the main themes given its impact according to Bauman’s 
dimensions and health organizations recommendations. 
Furthermore, we describe the design ideas learned from an 
intervention with specialists and older adult. The design ideas lead 
the design of such exergame which integrates physical and 
biological analysis to customize the gaming experiences according 
to the older adults’ physical capabilities. Furthermore, this 
customization is aimed to continue the older adults’ progress with 
their inter-joint angle and balance by raising the level of each mini-
game. Finally we present the conclusions and future work towards 
the broader evaluation with older adults to promote their physical 
activation. 

2 Related Work 
Over the years, several research has been conducted to support 

therapies for the physical rehabilitation of an older adult. Medical 

research have studied which physical aspects correlate to a better 
state of well-being through the analysis of therapy information. 
HCI research have also explored several technologies to support 
therapy sessions, the use of exergames is one of such technologies 
which has proved to be engaging for older adults despite if they are 
tech-savvy or not. Therefore to situate our work, we consider 
previous research conducted in the areas of Physical activation, and 
exergames, detailing inter-joint angle and balance as two key 
aspects on physical activation and the acceptance of exergames by 
older adults. 

2.1 Inter-Joint Angle and Balance 
Daily exercise contributes to maintaining older adults’ 

physical capability, which manages to maintain their functional 
abilities in terms of motor skills and activity level, also helping to 
prevent falls and accidents. Regardless whether the older adult is 
involved in a rehabilitation context, or not. [37]. 

Researchers [17,34] have studied specific inter-joint angle, 
such as movements of the upper extremities. The latter is very 
important to develop the activities of our day to day, p.e. lifting 
objects, participating in some physical activity, and even 
performing tasks for proper self-care (eating, grooming) [17]. 

The use and application of the virtual model for the 
rehabilitation of upper limbs in older adults will help in physical 
activity since it allows measuring the angles of joint mobility with 
respect to the optimal angle, the data generated is more valuable for 
the physical educator and at the same Easy time to visualize 
because the patient will only need to stand in front of the sensor. In 
addition to being able to analyze patients with trauma disorders, it 
is possible to use this system in patients with joint deterioration and 
other degenerative osteomuscular pathologies. With the use of new 
technologies represented in various formats it is possible to detect 
the orientation of the arm, so that the pronation and supination 
movement could be implemented giving the opportunity to include 
more movements to study [40]. 

Additionally, throughout our lives, it is common for our 
physical abilities to decay. Events such as falls are responsible for 
increasing mortality, and exposing older adults to fractures, 
damaging their quality life. The most efficient way to improve 
balance and reduce the risk of falls in older adults is by physical 
activity [13]. 

Approximately 30% of adults over 60 could experience a fall 
during their lifetime. Falls are considered the second cause of death 
due to accidental injuries in the elderly population and the decrease 
in physical condition at this age is usually one of its triggers [31]. 

2.2 Exergames for Older Adults 
Through the history of the video game industry, a variety of 

input devices had been developed to involve the player into a new 
and more active role in the game. The release of new consoles have 
contributed to the growth of video game players’ community. This 
growth includes people in their forties or fifties [1, 8, 16, 43]. In 
addition, studies suggest the Wii console had a very positive 
reception on an audience composed of independent older adults and 
older adults living in retirement communities [16,18,24]. 

Sato et al. [37] presented a video game with a full body 
interaction using a Microsoft Kinect sensor, immersing players in 
3D environment with the Unity framework. Authors conducted a 
randomized controlled trial with 57 healthy elderly individuals and 
their results indicate a positive impact on walking, muscle strength, 
and motor function with participants in the intervention group (see 
Figure 1). Similar studies have explored the possibilities of 
improving the balance through the use of the Kinect sensor. In [14], 
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researchers developed a game based on stepping exercises to 
provide older adults with adaptive training to aim at reducing the 
risk of falling. The video game was designed to be used in a clinical 
environment and their results were favorable but further assessment 
is needed to observe clear positive outcomes. 
 

 
Figure 1. Exergames’ screenshots based on full body sensing 
to improve walking, muscle strength, motor function, from 

[37]. 
 

With the addition of video game accessories, such as the Wii 
balance, researchers have also design, developed, and evaluated 
video games with an exertion approach that is inclusive for players, 
such as older adults. This inclusion has led to motivate older adults 
to perform physical activities to improve their balance and reduce 
risks of falls [1,16,43]. 

SilverBalance [16] is a minimalist and adaptive prototype 
using Wii balance. Game difficulty adaptation is set by each user, 
and the main objective of this video game is to promote balance 
activities. In their results, researchers strongly suggest the benefits 
of using the above technologies to offer new forms of physical 
activation (see Figure 2). In a similar manner, Bateni et al. [2] found 
empirical evidence on how video games may improve the balance 
of older adults. However, using the physical Wii board implies 
older adults have to be exposed to a potential fall since these 
technologies lack of physical aids to prevent falling. 

Gerling et al. [15] proposed a set of guidelines to design 
exergames for older adults which employ full body sensing 
capabilities. Among these guidelines, Gerling et al. propose to a 
dynamic gaming difficulty to adapt to the older adult’s range of 
motion. The proposed adaptation is based on a calibration sequence 
that determines the level of gesture precision needed to play. In a 
similar manner, Velázquez et al. [41] propose a set of four 
recommendations for adapting the exertion experience in 
exergames. These recommendations focus on the older adults’ 
motion capacity and perceive exertion. 
 

 
Figure 2. SilverBalance, an exergame base on “different 

balance tasks for elderly players featuring the Nintendo Wii 
Balance Board”, from [16]. 

 
In addition to promoting physical activity in the elderly, 

serious video games have been developed with other objectives. 
One of these is Guess My Caption [10], which in addition to 
providing physical rehabilitation through body movements as a 
way of interacting with the game, seeks to strengthen the bond of 
the elderly with their family members (see Figure 3). Although the 
results did not show significant changes in the increase of arm 
strength after using the serious video game, the older adult stated 
in the interviews that he felt improvement in his physical condition, 
suggesting that serious video games can change the perception of 
the elderly in relation to their health. In this serious video game, no 
real-time adaptability was implemented according to the physical 
characteristics of the elderly. 
 

 
Figure 3. Guess My Caption, a movement-based exergame 

considering socialization as a design factor to have a positive 
impact on elderlies’ well-being perception, from [10]. a) 

Exergame’s screenshot, b) Automatic social media post as a 
player reward. 

 
As stated above, there has been evidence on the benefits of 

using exergames as an intervention to promote physical activity 
with older adults. We argue similar design recommendations as 
well but build on top of these and present new design 
recommendations to not only engage older adults but ensure a 
moderate physical activity to contribute to their health and well-
being. 
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3 Design Methods 
Our methods followed a user-center approach and were 

conducted with a multi-disciplinary research team and older adults 
Northern Mexico. Over a period of four months we conducted 
design meetings and a focus group. The aim of our qualitatively 
inquire was aimed to understand further the requirements and 
challenges to support physical activation and older adults’ 
perspective towards video games. 

3.1 Design Meetings 
The aim of these meetings were to have a better understanding 

of the inter-joint angle and balance of an older adult. Including 
traditional techniques to obtain this information. As well, our 
inquiry focus on determining the expected intensity to carry out the 
physical activities and have an impact in health and well-being. 

Over four months, eight meetings were conducted with experts 
from different areas. Each meeting had a duration between 60 to 80 
minutes. At each meeting, notes were taken to organize the topics 
covered in the current and future sessions. Also, audios of 3 
sessions were recorded for further analysis and consultation. The 
meetings were attended by a multi-disciplinary research team 
divided in two main areas: computer science and physical health 
science. The research team consisted in a signal processing expert, 
an evolutionary algorithm expert, a software architect with 14 years 
of experience, an expert in human-computer interaction, a motor 
development researcher, a Physical and functional Physician, a 
Physical and functional Physician for older adults with disabilities, 
and a Physical and functional Physician for independent older 
adults. 

An additional session of physical exercises was held with the 
members of the research team. This session was conducted to 
complement our understanding from the meetings and have a first-
hand impression on which type of exercises should be done by older 
adults. This session was also audio and video recorded. 

All the data from above was obtained with the prior consent of 
all the participants. 

3.2 Focus Group 
We conducted a focus group meeting to investigate the 

perspective of older adults towards video games. In this focus 
group, three female older adults, whose ages are between 70 and 78 
years old, shared their opinions and thought about video games. 
The session was conducted at the Faculty of Physical Culture 
Sciences buildings located in Chihuahua, Chihuahua, Mexico. For 
further analysis and consultation, the focus group participants 
agreed the session could be audio recorded. The session consisted 
in two phases: exploration of themes, and demonstration of low-
fidelity prototype. 

During the exploration of themes, two members of the research 
team posed questions to offer an opportunity for dialogue. The 
questions were designed to explore the relationship of older adults 
with video games. For example, we inquire if the older adult is or 
was an active video game player. In addition, we also investigate 
the direct or indirect interaction older adults may have with video 
games through relatives or friends. 

Based on this general theme, we also explore themes such 
main impediments older adults face to participate actively in video 
games, or understand older adults’ main motivation they do play 
video games. 

On the second phase, the two research members showcased a 
low-fidelity prototype of a video game. The prototype design was 
based on the literature review and findings from the design 
meetings. One research member presented all the interaction with 

the video game through mimics and simple representation of the 
game scenes. This was conducted in this way to receive feedback 
from participants such as design improvements. Furthermore, this 
sessions allowed us to adjust design metrics and make future 
decisions, such as finding the right way to give instructions on how 
to carry out an activity. Finally, we conducted a brainstorming 
session to motivate and engage the older adult. 

We analyzed the data collected by following a constructionist 
grounded theory approach [9]. 

Therefore, our findings emerged through interactions with our 
data, and between members of our research team. Research 
members analyzed and compared the data collected, and discussed 
the emerging themes to seek further refine and explicate our 
emerging understanding of physical therapy, older adults, and 
video games. Through this iterative process, we began to view the 
dimensions and design ideas to support video games for older 
adults and physical activation. 

3.3 Findings 
From our analysis, we established four implications for the 

design and development of an exergame focused on physical 
activation targeted to older adults: 1) exergames must consider 
players who may suffer from physical or cognitive disabilities, or 
even both. Video games must be able to adapt to the player physical 
abilities and capabilities. One way to do this is by offering a 
dynamic difficulty that changes based on the player performance 
throughout the game. 2) Include activities according to the range of 
inter-joint angle of upper and lower limbs. In older adults, the range 
of motion gets reduced, i.e. the full-body interaction is limited 
compared to their younger peers. An adjustment of the game 
activities to the older adult capabilities can prevent injuries while 
playing, that is, a previous and ongoing calibration may be 
necessary to know the player range of mobility. 3) Determine older 
adult’s max level of intensity which the player can perform the 
activity and reduce the level to moderate. 40 - 60%. Moderate 
intensity is considered the indicated level to benefit the health of 
physically active individuals. Use biological signals to determine 
the moderate level, for example, heart rate (HR), heart rate 
variability (HRV), and stiffness index (SI) in addition to the 
galvanic skin response can be calculated to determine if the player 
performance in an exercise is with a moderate and constant physical 
intensity. 4) Clear instructions and continuous tutorials. In order to 
avoid injuries and other accidents, is very important to settle down 
the right way to present instructions. Thanks to the focus group, it 
was determined that the best way for older adults to receive 
indications is the combination of a voiced instruction with a quick 
demonstration. The last one can be achieved through mimics. 

Conceptualization of motor stories were set through the 
analysis of the information collected during the second phase of our 
focus group. The stories reflect everyday life activities in which the 
player knows how to perform them, i.e., painting a fence, hitting a 
piñata, or placing Christmas arrangements. Incorporating everyday 
activities into ludic interactions creates low cognitive demand tasks 
since they are activities a player may be familiarized with. Our 
participants express interest in motor stories’ potential to provide 
extraordinary stories, e.g., exploring pyramids, picking apples in a 
vegetable garden, or diving. Maintaining the interest of the player 
in the physical activities. 

4 Design and Implementation 
The functional prototype was developed, considering our four 

design implications gained in the findings of the above section. 
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The following sections describe the game’s narrative and how 
its design and interaction take into account our design implications. 
Next, we describe how the video game calculates a set of biological 
signals to adjust the video game’s difficulty. 

4.1 Exergame Design 
The video game’s difficulty on the dynamics and form of 

interaction could create a steep learning curve for the conventional 
older adult. This leads to a low adoption and engagement of older 
adults with video games. Therefore, we followed our first design 
implication to be incorporated, as a high priority, a natural interface 
and an adaptive difficult mechanism. As a natural interface we 
chose to implement a Full-Body Motion-Based Interaction using 
the Kinect v2 to avoid the use of traditional controllers, i.e. 
joysticks, that require a finer hand-eye coordination. On the other 
hand, the main goal of the adaptive difficult mechanism is to reduce 
the learning curve by offering the older adult physical challenges 
according to their physical capabilities. Therefore, the video game 
adjust the difficult considering the inter-joint angle between the 
upper limbs and the torso, and the inter-joint angle between thigh 
and pelvis. As one of the first activities is a calibration process to 
recognize the older adults physical constraints (see Design 
implication 2). Knowing the physical limits of the player can 
provide a personalized experience. A series of short poses will 
achieve the calibration process and store the motor skills of the 
player. 

Current clinical inter-joint measurements techniques are 
performed by a physician with a goniometer. The nature of this tool 
implies an invasive procedure where the patient has to lie down or 
stand-up in order the physician takes the measurements. Therefore, 
the FullBody Motion-Based Interaction of the video game allows 
to avoid this procedure and take reliable measurements [35], 
obtaining older adult’s mobility range and follow our second design 
implication. Furthermore, the adaptive difficult mechanism can use 
the Kinect measurements in real time, without the need to invade 
the patient, adjusting the video game activities to the older adult’s 
capabilities and record any progress in their mobility range without 
the need of a physician or goniometer. 

It is well documented users tend to lose interest in conventional 
physical activities because they considered them boring and 
demotivating [13]. This is no exception for older adults. Therefore, 
it is important to provide them ways to get engaged in participating 
in the exergame. 

Our video game incorporate a set of motor stories to sustain 
the interest of the older adult in the physical activities. The stories 
reflect everyday life activities in which the player know how to 
perform them, e.g., painting a fence, hitting a piñata, or placing 
Christmas arrangements. Incorporating everyday activities into the 
ludic interaction create a low cognitive demand tasks since they are 
activities a player may be familiarized with. 

In addition, motor stories have the potential to provide 
extraordinary stories, e.g., exploring pyramids, picking apples in a 
vegetable garden, or diving. Thus, maintaining the interest of the 
player in the physical activities. 

Figures 4, 5, 6, 7, 8 are screenshots of activities from a motor 
story from the designed video game. For each one, the player is 
given instructions through mimics (according to our fourth design 
implication). 

The motor story represents a birthday party where the older 
adult has to complete five activities related to the preparation and 
participation of the party. This motor story exemplifies the design 
of the video game. Our focus group widely accepted this scenario, 
commenting that the activities are familiar and entertaining. As the 

Figure 4 shows, the player is placed in front of a wall, where s/he 
must reach the blue spheres and replaced them by red cubes. These 
cubes represent part of the party decorations. This motor story aims 
to work the upper body inter-joints angles. 
 

 

Figure 4 Screenshot of decorations placement motor story, by 
reaching blue spheres with upper body inter-joints activity. 

 
For the next activity, the player is placed into a room 

representing a kitchen where a cake has to be baked, see Figure 5. 
The player must catch different size and color discs that will fall 
from the ceiling. The player movement is achieved through lateral 
displacements. These discs represent the floors of a birthday cake. 
The speed, frequency and opening angle with which these discs are 
released are adjusted according to the player’s performance during 
the game (see First design implication). 
 

 
Figure 5 Screenshot of motor story with the aim of catch discs 

(cakes) through lateral displacement. 
 

A gift scene comes next. The player must raise their arms 
pretending to carry a gift (see Figure 6). The avatar representing the 
player will move in a straight line when the player lifts each knee. 
The knee movement is performed by alternating each leg and trying 
to achieve a 90-degree inter-joint angle. This is done repeatedly 
until the avatar reaches the end of the room, where the box is 
automatically placed and the avatar returns to the initial position. 
Following our first three design implications, the video game 
adjusts a valid angle between the 40-60% capacity of the player. 
 

 

Figure 6 Screenshot of gift arrangement motor story, with 
both upper and bottom body inter-joints activity. 
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In accordance to our users traditions, we introduced an activity 

where the player has to break a piñata (see Figure 7). Within this 
activity the avatar has a stick with which can hit the piñata. The 
piñata will break a certain number of hits, customized to the 
strength of a player (i.e. the video game detects the older adult starts 
to low her arms due to fatigue). The piñata drops candies, 
represented by spheres, and the player has to pick up as many as 
s/he can. This dynamic is similar to the first activity presented in 
Figure 4 where the player stands up and uses the upper limbs to 
collect the candy. Both activities consider our design implications 
to provide a custom experience. 
 

 

Figure 7 Screenshot of the piñata motor story. 
 

As part of the motor stories and engagement, it was important 
to understand the type of video game rewards of interest to an older 
adult. Our analysis indicates virtual rewards are viable for older 
adults to continue participating. These rewards differ by the 
individual interest of each participant but converge into virtual 
rewards for the avatar or a private virtual room, For example, a 
player can obtain accessories to customize the avatar of each player. 
These accessories can be obtained from accomplishing the motor 
stories. Furthermore, virtual rooms can represent virtual gardens in 
which you can customize or a room of virtual trophies in which you 
can place photographs of the player while playing. In addition to 
rewards, we designed new motor stories based on the themes 
explored with the focus group and their suggestions, ideas, 
concepts, and opinions about video games. 
 

 
Figure 8 Screenshot of motor story with the objective of 
reaching colorful spheres with upper body inter-joints 

activity. 
 

The player’s performance will be measured during the duration 
of all the motor stories. From our design meetings, the experts in 
human mobility area recommended the older adults should perform 
activities with a moderate intensity of 40 - 60%. This intensity will 
have to be as constant as possible for a period of 15 20 minutes (see 
design implication 3). Biosignals such as heart rate (HR), heart rate 
variability (HRV) and stiffness index (SI) can be measure to 
determine the intensity carried out in an activity. This information 
can be shared in real time with the therapist and even the player and 

adjust the activity difficulty. Therefore, our design can ensure the 
effectiveness of the exercise by having reliable information of the 
moderate activity. 

The video game implementation incorporates a group of 
technologies to support the real time experience between all 
hardware and software components used in this project. The 
architecture is composed by 5 main subsystems: NodeJs, Kinect v2, 
Unity, OpenBCI in two layers, and local and cloud Infrastructure 
(see Figure 9). First author designed the video game over Unity 3D, 
all-in-one platform for game development which provide tools and 
services and rendering 2D and 3D images. 
 

 

Figure 9 Architecture component diagram. 
 
We used a heart rate, and pulse sensors in a OpenBCI Cyton 

board to get, store, and process the physical activity data in real 
time. The data parser and manager were implemented in a NodeJs 
backend which processes all the information we are gathering from 
the sensors. All the information we are collecting from the video 
game is also sent to the backend over TCP/IP protocol using 
Sockets as a real time communication protocol. 

The information is stored in a real time NoSQL dataset synced 
in real time. Furthermore, we developed a single web page 
application to monitor the activity with a 3-way data binding via 
Angularfire with a minimal setup and easy access to data, files, 
auth, and highly secure. The implementation to monitor vital signs 
is described in the following section. 

 

4.2 Bio Sensing 
We analyzed vital signs along with some biosignals as 

indicators to assess the cardiovascular status of the players. This 
monitoring prevents an older adult from over-exerting since the 
exergame can adjust the speed or difficulty of the game. The video 
game can even stop if the state of health is threatened or if it goes 
beyond the levels recommended by the specialists. Common vital 
signs are heart rate, breaths per minute, and blood pressure. 

In this work, we are focused on monitoring both, 
electrocardiogram (ECG) and photoplethysmographic signal (PPG) 
for analyzing the heart rate (HR), heart rate variability (HRV) and 
stiffness index (SI). The hardware used for the task described above 
is based on the OpenBCI Cyton Board, which it has an 8-channel 
neural interface with a 32-bit processor, communication via 
Bluetooth, 3-axis accelerometer, Micro SD card slot and 5 GPIO 
pins, 3 of which can be Analog (see Figure 10). We use three 
passive gold electrodes to register the ECG activity and a standard 
electrode paste to adhere the electrodes to the body. Basically two 
electrodes have to be connected to any of the eight channels of the 
OpenBCI Cyton board, while the third electrode should have a 
connection to the BIAS terminal. In addition, we used a pulse 
sensor to register the PPG signal, where the signal wire of this 



Avances en Interacción Humano-Computadora 
 

 7 

sensor is connected to any of the three analog pines (pin D11 in our 
case) on the board. 
 

 

Figure 10 OpenBCI Cyton board and accessories for 
monitoring biosignals. 

We use OpenBCI software to have a first test on the register of 
the biosignals. The connection of the electrodes to the body have a 
configuration leftwrist, rightwrist and rightankle. In the case of the 
pulse sensor, it is set on the leftearlobe. The design of the video 
game involves different types of analysis about the cardiovascular 
condition. The video game contains a layer (algorithms) for 
carrying on these analyses in real time. This layer captures the 
biosignals from the OpenBCI Cyton board using serial AT 
commands. Next section describes the methods for compute the 
different types of analyses. 

 

4.2.1 Analysis of the cardiovascular status 
Analysis of Heart Rate helps in diagnosis and detection of 

coronary diseases and it is considered a non-invasive indicator of 
illness. An elevated resting HR has been associated with 
cardiovascular and all-cause mortality, independent of major 
cardiovascular risk factors, and with cancer mortality [36]. 
Generally, ECG signal is used to compute HR, however, in this 
work we used PPG signal instead. PPG represents the variations 
in blood volume in the body and it is synchronous to the heart 
beat, so it can be used to detect heart rate. We compute HR using 
[36], where Tbb is the time that elapses between each maximum 
of PPG signal. 

                           (1) 

The variability of the heart rate represents how much the period 
between heart beats varies [39]. The rhythm of the heart is 
controlled by the sinus node, which is modulated by nerve endings 
of the parasympathetic and sympathetic system. Sympathetic 
activity tends to increase the heart rate and its response is slow (few 
seconds). On the other hand, parasympathetic activity tends to 
decrease the heart rate (0.2 to 0.6 seconds) [32,38]. HRV can be 
measured by different techniques, we use the one that is based on 
the spectral methods. These methods start from the information 
thrown by the periodogram (see Figure 11). The periodogram is the 
graphic representation of the heart beats over time, and the 
information for this representation is obtained from the 
electrocardiogram. In spectral methods the most outstanding 
component of the HRV is the arrhythmia of the respiratory sinus, 
which is considered in the range of 0.15 to 0.4 Hz. In addition to 
the physiological influence of respiration on HRV, this high 
frequency component (HF) is usually associated with an influence 
of the parasympathetic system [32]. Another studied component of 
HRV is the low frequency component (LF), usually in the range of 
0.04 to 0.15 Hz. The spectrum within the LF band is attributed to 

sympathetic activity as parasympathetic, however, some 
researchers have suggested that the influence is mainly of 
sympathetic origin [38]. 

 

Figure 11 Periodogram of a healthy volunteer in a resting 
state (sitting). 

HRV has been studied extensively during the last decades, its 
use has served to predict risks after a myocardial infarction, as a 
preventive diagnosis of diabetic neuropathies and of suffering 
cardiac attack. In addition, it has been found that HRV can give 
important information about age, physical and mental stress 
[32,38,39]. 

Stiffness arterial is recognized as a cardiovascular risk factor 
and represents a mayor index of tissue damage [11,19,22], where 
aging produces alterations in the composition and distribution of 
elastin and arterial collagen, which explain the stiffness or less 
distensibility of the arterial system and the increase in peripheral 
vascular resistance [4,33]. As a consequence, a lower elasticity of 
the blood vessels, the systolic blood pressure increases and the 
diastolic blood pressure decreases, in this way, the arterial stiffness 
can increase passively each time the blood pressure rises, in 
addition of structural changes induced by age. The stiffness index 
(SI) in m/s, is defined as the ratio of the patient’s height (h) divided 
by the transit time ∆T according to [23]. The transit time is defined 
as the time between peak and peak (maximums) of the PPG signal 
(see Figure 12). When the second peak (known as a dicrotic node) 
of the PPG signal does not exist, the inflection point is usually used. 

 

Figure 12 Characteristic morphology of the PPG signal. 
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5 Discussion 
In this paper, we present a set of implications for design and 

the implementation of an exergame for older adults. We 
acknowledge prior work on this regard; however, our contribution 
can be seen in two main aspects: an extension on prior design 
implications where moderate physical activation is achieved 
through the analysis of vital signs, and the design and 
implementation of one exergame that follows this set of 
implications. This exergame incorporates motor stories to represent 
familiar activities to older adults and encourage them to perform 
physical activities with the aim of improving their motor capacity. 
In addition, our design incorporates a bio-sensing system to 
monitor and capture vital signs of older adults while playing. This 
system monitors electrocardiogram (ECG) and photo-
plethysmographic (PPG) signals to analyze the heart rate (HR), 
heart rate variability (HRV) and stiffness index (SI). Monitoring 
these vital signs can ensure a safe environment but also promote a 
moderate activity. This is particular important since health 
physicians recommend older adults to do exercises with moderate 
activity in order to have a positive impact on their well-being. We 
expect these implications could evolve into guidelines that promote 
the future design of exergames that could improve the mobility of 
older adults and their health with a ludic and entertaining 
experience. 

The advantage of using this type of visual and bio sensors, 
unlike other video gaming consoles, is the ability to process video 
footage in real time and capture movements of different parts of the 
user’s body. For example, Wii consoles could only monitor the 
movement the user’s hands and with our system we could infer the 
full range of articular movement and their physical health. In 
addition, system reacts optimally to user movements without the 
need for set special lighting or privacy conditions since the depth 
camera can be programmed to follow and recognize only people of 
interest in different scenes, regardless of the rest of the objects 
present in the environment [6]. 

The use of serious video games as a tool for physical activity 
is part of a worldwide trend marked by the use of new technologies 
in increasingly diverse environments. The increase in the so-called 
technophilia can become an especially attractive alternative in 
vulnerable populations such as the elderly. For a personalized 
health perspective, the games provide a new source of information 
about the user, their preferences, skills, abilities and their style of 
play. Technological sensors such as Kinect combine with 
biosignals monitoring allows the collection of data related to the 
kinematics of each player, heart rate, and other gaming themes such 
as game scores, time spent for each activity or even energy 
expenditure [29]. 

Older adults who do regular physical activity have lower rates 
of morbidity and mortality than those who do not. Serious games 
oriented to physical activity can offer an attractive and sustainable 
alternative or supplement traditional exercise modes [5]. 

Research has verified the relationship between physical 
activity and serious video games by providing entertainment and 
satisfactory experiences for the benefit of the health of the 
practitioner. Physical activity in combination with serious video 
games is a feasible and effective strategy to improve the upper and 
lower body, flexibility, balance and agility in older adults. As in 
[42], our main contribution is the insertion of new technologies but 
in Mexican adult environments, with cultural and customized 
activities, may boost the engagement with exercise; however we 
contribute further by also provide to additional health information 

to therapists or medical doctors and engaging the older adult with 
moderate activity, activity that impacts directly in their well-being. 

In future work, the proposed design will be evaluated with a 
set of participants between 60 and 80 years old to understand 
adherence to technology and health improvements. Also, this 
implementation will allow us to verify the impact on the older 
adults’ health and perceived well-being and the inclusion of 
galvanic skin sensors to incorporate identification of emotional 
states while playing. 
 
Acknowledgements PRODEP México under the award number 
UACH-PTC-370. 
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