
Vol.:(0123456789)1 3

Universal Access in the Information Society 
https://doi.org/10.1007/s10209-023-00987-y

LONG PAPER

Meaningful learning: motivations of older adults in serious games

Johnny Salazar Cardona1 · Jeferson Arango Lopez2 · Francisco Luis Gutiérrez Vela1 · Fernando Moreira3,4 

Accepted: 2 March 2023 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract
Social sustainability is the generation of significant behaviors through balanced levels of education, learning and awareness 
so that the population has a good standard of living, achieves self-improvement and supports society. This can be achieved 
with various strategies, one of which is learning through games, which has gained popularity in recent years due to positive 
results. This is effectively achieved through serious gaming, which is growing steadily, mostly in education and healthcare. 
This type of strategy has been typically used in young populations with a transparent interaction with technological processes 
that facilitate its application. However, one cannot neglect other populations such as the elderly, who may experience a tech-
nology gap and may not perceive this type of initiative in the best light. The purpose of this article is to identify the different 
motivations that can encourage older adults to use serious games to encourage learning processes through technology. For 
this purpose, different previous research on gaming experiences with older adults has been identified, from which it was pos-
sible to categorize a series of factors that motivate this population. Subsequently, we represented these factors by means of a 
model of motivation for the elderly and, to be able to use it, we have defined a set of heuristics based on this model. Finally, 
we used the heuristics by means of a questionnaire to evaluate the design of serious gaming for older adults, obtaining posi-
tive results for the use of these elements to guide the design and construction of serious games for learning in older adults.
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1 Introduction

In recent years, considerable research has been conducted on 
the benefits of games in human development, starting at an 
early age and focusing on sensory and motor development. 

This later becomes a symbolic process developing language, 
fostering imagination and creativity through the simulation 
of situations, objects or characters [1]. Then, when a young 
person becomes an adult, the motivations that lead them to 
play change, particularly emotional goals, perceived ben-
efits, participation, keeping busy, social interaction, gain-
ing benefits, learning, and consolidating social sustainability 
[2–5]. With respect to sustainability, educational processes 
are key because they are a mechanism through which people 
are sensitized and taught and through which sustainable cul-
ture is applied. It is important to highlight their importance 
through fun and meaningful experiences that encourage 
processes of support to society and good daily practices [6]. 
Given these advantages, it is understandable that in recent 
years’ games have been explored as mechanisms for skill 
development or knowledge acquisition through learning in 
the field of education. This means that there are several edu-
cational games that have proven to be successful when used 
in schools, higher education and training institutions.

The historical events that occurred recently with the 
COVID-19 pandemic forced many people to embrace 
technology in various areas of knowledge such as health, 
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socio-politics, economics and education. This has led to a 
generation of an ongoing digital transformation process. For 
younger populations who have had contact with technology 
from an early age, this may not have been a major challenge, 
however, for the older population who had this technologi-
cal contact at a much older age, it posed a more difficult 
challenge. Some of the challenges faced by this population 
included the processes of training, learning and knowledge 
acquisition, which during this period were only possible via 
technology. Therefore, the first difficulty was encountered, 
since most of the technological experiences that have been 
developed are mainly focused on a younger population with 
different characteristics and needs. This can lead to rejection 
by the older population because they do not feel comfortable 
with the mechanisms provided or because of a lack of inter-
est in giving these technological means a chance to satisfy 
their needs, and even more so if they are delivered through 
the concept of games.

That is why this article aims to identify the motivating 
factors of older adults that can lead to engaging in these 
experiences of serious games for knowledge acquisition and 
learning processes. The main objective is that older adults 
can access these games using technological elements and 
that they can be used in the best possible way. The document 
is organized as follows: Sect. 2 provides a brief descrip-
tion of the definition of serious games and their relationship 
with older adults, in addition to some related works; Sect. 3 
provides a detailed explanation of the different motivational 
aspects that were identified in this population for the use 
of serious games; Sect. 4 focuses on describing the valida-
tion process concerning the motivational aspects identified 
in older adults; Sect. 5 presents the results obtained; finally, 
Sect. 6 presents our discussion, conclusions and future lines 
of work.

2  Related work: serious games and older 
adults

The concept of the first serious game appeared in 1970 
[7], although in the context of board games and not digital 
games, and since then other authors have analyzed the con-
cept of serious games according to different approaches and 
uses [8–10]. For example, Marczewski [11] defines a serious 
game as a complete game in which the purpose of playing 
is not pure entertainment, but educational, meaningful and 
purposeful. Although, as noted, education provides an ideal 
field for the development of serious games, it is not the only 
purpose for which they have been used and there are propos-
als for serious games in other disciplines or application areas 
[12–14]. With the support of motion-monitoring devices and 
advances in virtual and augmented reality, gaming can also 
incorporate physical challenges, allowing serious games to 

be enhanced by incorporating game-based experiences such 
as exergaming [15], geolocated games and pervasive gaming 
concepts [16].

The first paper on the application of digital games with 
a serious focus on older adults is from 1987. The objec-
tive of this paper was to evaluate the cognitive improvement 
that could be achieved through these games, specifically in 
response times for decision making [17]. From this research 
to date, the landscape has not changed much, with cognitive 
processing, physical activity and social interaction being the 
main focus. All this has been achieved by making use of 
different devices such as PCs, consoles, and sensors such as 
Kinect, and Nintendo Wii controllers, among others [18]. 
The constant innovation of new technologies in games that 
offer different experiences and sensations to players has 
become commonplace. This not only allows it to be applied 
for entertainment purposes but also enables it to be con-
stantly improved in a serious way whether it is for learning 
or any other important approach [19].

Some previous research involving the application of seri-
ous games with an educational approach for older adults 
has focused on promoting learning for training in the use of 
technology, and promoting the social and digital inclusion 
of this target audience. In this case, they not only learn about 
the use of technology but also about the perceived benefits 
of using the games [2, 20–24]. Efforts have also focused on 
user-centered design processes in serious educational online 
games in order to provide usability elements targeted at this 
population [25]. Other initiatives focus on teaching older 
adults through serious educational games to take an active 
approach to aging by means of virtual tutoring systems [26].

Research on the identification of the motivations of older 
adults to experience serious games is not focused on the 
education sector, but on the promotion of physical activity 
and rehabilitation processes in older adults [27–30]. There 
are also review and research processes to identify motiva-
tion in older adults, but with digital games focused on fun 
and entertainment [4, 18, 20, 31–38]. Other research has 
focused on the motivations of older adults, but not in terms 
of serious games, but in terms of the use of technology [39]. 
Finally, there is some research aimed at identifying motiva-
tions in older adults based on existing models such as the 
Self Determination Theory model (SDT) [4, 5, 40, 41] and 
the Emotional Processes and Self-Regulation model. [42].

3  Motivation model in older adults

The experiences generated in the interaction of older adults 
and a technological product, in this case, games, are tradi-
tionally analyzed from the field of Human–Computer Inter-
action (HCI). To this end, techniques and tools designed 
to be used in a general population are applied to determine 
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the impact of games on older adults [43]. Although there 
are different means of evaluation to measure this experience 
[44], the older adult population presents a series of unique 
features that make it necessary to adjust or add new elements 
to the available means of evaluation to generate an objective 
evaluation. However, these adjustments or adaptations prove 
insufficient to evaluate the context of games due to the area’s 
specific and subjective elements [45, 46], and even more so 
when the traditional concept of usability is used instead of 
the concepts of playability.

Some of these tools described above include the Game 
Experience Questionnaire (GEQ) [47], Player Experience 
Need Satisfaction (PENS) [48], System Usability Scale 
(SUS) [49], Technology Acceptance Model (TAM) [50], 
among others. Therefore, the particularities and motiva-
tions of older adults need to be identified in order to help 
determine the adjustments to be made or to generate new 
processes for the evaluation of the Player eXperience (PX) 
[45] of older adults in digital games on an objective and 
solid basis. To clearly understand the concept of playability 
and PX, two points of view must be considered. First of all, 
we will consider the game as a software product that needs 
to be analyzed in depth to determine its quality. Traditionally 
the property of “Playability” has been used for this purpose 
due to its capacity to adapt the property of usability to game 
systems and because it is a more accurate measure of how 
much fun a game is. Secondly, there is the quality of the 
“Player Experience”, which is directly related to the con-
cept of User Experience (UX), but which, when referring to 
the context of games, should be treated differently, just like 
PX. Although the difference between the two is based on 
the experience that the game offers players, they should be 
addressed using more subjective and personal measures such 
as “emotion”, “satisfaction” or “engagement”, which are key 
to describing and improving the interactive experience that 
humans enjoy when playing games [45, 51].

Based on the above, older adults, like any other popula-
tion, have their own particularities not only on a physical 
and cognitive level but also with respect to what motivates 

a person to play and interact with playful experiences by 
means of technology [52]. In the case of older adults, these 
motivations must be identified and understood in order to 
design serious games with a focus on learning that will 
truly appeal to them, generating enjoyable processes and 
positive experiences.

Younger players are most motivated by fantasy, as they 
look for engaging fantasy experiences that satisfy their 
inquisitiveness, their need to learn, and their imagination 
[53]. It is normal for young people to try to challenge 
themselves by achieving goals and pursuing rewards. 
Young adults are motivated by rewarding experiences with 
attractive multimedia elements. A wide variety of motiva-
tions can be found in the case of older adults given that 
they are a heterogeneous group [54–56], some of which 
include perceived benefits, participation, keeping busy, 
acquiring knowledge, or obtaining a benefit [2–5].

In order to obtain a model of what factors motivate older 
adults, a preliminary process was carried out to identify 
papers where older adults used game experiences. We con-
ducted this identification process by means of a systematic 
review [57] in which we obtained detailed information on 
the different motivational elements in game-based systems 
for older adults, including serious games. This process 
aimed to answer different research questions targeting 
older adults, among which was their acceptance of the 
use of games via technology, and which game mechanics 
and dynamics were the most used and accepted by this 
population. To carry out this research, the methodology 
established by Kitchenham and Charters was applied [58], 
which defines a series of steps or phases for the applica-
tion of systematic reviews in the field of software. For 
the selection of papers, a search string was defined using 
logical operators and relevant words to efficiently filter the 
results to be obtained. Following the basic methodology, 
a series of inclusion and exclusion criteria were defined 
to reduce the total number of articles to be addressed for 
the definition of what is proposed here (see Fig. 1). This 
process resulted in the identification of a series of aspects 

Fig. 1  Systematic literature review process
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that help motivate older adults, as summarized in Fig. 2, 
and which will be described in detail below.

3.1  Meaning as a key motivational element 
in learning

Older adults play to satisfy a variety of needs [59]. However, 
one of the main motivations behind the experience of seri-
ous games for learning is the utility or benefit that can be 
obtained in the implementation of the proposed activities. 
If the older adult misperceives what a serious game is, they 
might not see any benefit in this type of experience, and 
see it as merely a mechanism of leisure and entertainment 
that does not offer any real utility, that is to say, a system 
without a meaning that encourages its use [60]. Different 
areas of interest have been identified in which older adults 
value the usefulness or benefit in the implementation of seri-
ous games, and are motivated them to try them out. These 
include learning processes that promote emotional/social 
well-being and improved health [61].

3.2  Learning

Learning engages older adults in a participatory and positive 
quality of life [62]. They want the knowledge to be practical 
and transferable to their daily lives, which is essential in the 
cost/benefit evaluation process of making the decision to 
play. When playing, an older adult values the learning expe-
rience over enjoying their free time and allow themselves 
play the game repeatedly [2]. Social interaction mechanisms 
are additional factors that reinforce motivation in a learning 
process, making it possible to connect with education and 
with other players. This is evidenced in the game experi-
ences documented in the WorthPlay project. In addition, 
it is necessary to reinforce participants with positive com-
ments that help them gain self-confidence. [63]. Finally, 

content-based challenges and graduated levels of practice 
should be included, as these are additional motivational ele-
ments in the learning process [64].

3.3  Emotional wellness

The public health emergency caused by the COVID-19 pan-
demic has led to increased social distancing and mandatory 
home confinement. This has led the general population to 
adopt a more sedentary routine and has favored the appear-
ance of psychosocial disorders of anxiety, depression and 
stress. These problems have intensified when, due to work 
or for reasons of necessity, people have been forced to go out 
and risk their health [65]. Family and social support is help-
ful in addressing the emotional well-being of older adults, 
not only in this atypical situation but also under normal con-
ditions when the family structure changes. It is normal for 
the family structure to change when grandchildren have to 
go to school, children leave home or, in the worst case, the 
loss of a partner. This has a negative impact on older adults, 
generating loneliness and isolation [66]. For this reason, 
when designing games it is important to keep in mind that 
they function as an escape from reality, and have a positive 
impact on the mental state, self-esteem and mood of the 
older adult, and there is empirical evidence that games offer 
better results on an emotional level than on a physical one 
[67, 68]. An example of the application of serious games 
for emotional wellness is HiGame (Horticultural Interac-
tion Game), which focuses on learning about and caring for 
plants and vegetables, and generates a state of relaxation and 
emotional balance (see Fig. 3).

Fig. 2  Motivational aspects model

Fig. 3  HiGame for the wellness of older adults [69]
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3.4  Social wellness

Older adults enjoy games that allow them to connect with 
people, and even give them the opportunity to contribute 
to the wellness of others [70]. This type of connection can 
also be used to connect with people with similar hobbies, 
offering them additional social activities or simply a means 
of communication, as well as being applied to immobile 
older adults or those with some type of disability. Digital 
games that offer the possibility of generating social con-
nections exert a positive influence and a sense of wellness 
by reducing the feeling of loneliness [68]. In addition, the 
socialization that occurs is not only focused on meeting new 
people, but also on the exchange of experiences while facing 
the same challenge together or in competition [71].

Some research shows that face-to-face environments are 
more motivating, as older adults enjoy online environments 
less, regardless of whether the game is cooperative, collabo-
rative, coactive or competitive [31, 72]. This is because they 
do not want technology to replace face-to-face contact, but 
take it as a means to support such interaction processes.

3.5  Health

Other factors that motivate the use of gaming systems for 
older adults are health and self-care benefits [73]. If imme-
diate or potential benefits are perceived, older adults are 
willing to participate in game-based systems and determine 
whether or not to continue using them [74]. For this reason, 
when designing serious games, efforts should be focused 
on showing the older player the potential effects of their use 
on health, bearing in mind that they are interested in both 
preserving and improving it [75].

In order to encourage self-care in older adults, self-man-
agement and self-monitoring should be encouraged as train-
ing mechanisms to keep them engaged in the game. This is 
so that they can obtain the best possible benefits by remain-
ing active and taking responsibility for their own physical 
well-being. Accomplishing this requires older adults to have 
the knowledge to understand the benefits of this process, the 
safe and intuitive means to facilitate its execution, and self-
motivation [76, 77], all supported by a persuasive process 
that motivates them.

3.6  Participation

Evidence indicates that older adults are more motivated to 
take part when they participate with a partner or counterpart 
[78]. This generates significant social participation in terms 
of empathy, positive affect and behavioral engagement, espe-
cially among extroverted older adults with higher cognitive 
abilities [79]. The process of jointly achieving objectives 
implies that players must coordinate, which stimulates social 

participation. In addition, new roles emerge depending on 
the skill level of the players, often one player will assume 
command of the team to instruct another player on how to 
carry out certain tasks [78]. Another influential factor is 
whether the process of collaboration or cooperation takes 
place on a split or shared screen, since when players share 
the same screen, they can help each other and coordinate 
actions in a much easier and friendlier way. On the other 
hand, having split screens and not sharing the field of vision 
of the game requires a higher cognitive level and coordina-
tion, which can generate stress in the older adult.

3.7  Intergenerational activity

The generation gap has become a social problem, in which 
people, including older adults, see this process of social dis-
engagement with younger generations as a normal part of the 
aging process. Serious games provide an intergenerational 
experience that encourages social interactions between dif-
ferent groups. This provides an interactive environment that 
fosters collaboration and cooperation, contributing to the 
decrease of age discrimination. It also breaks down stereo-
types by fostering inclusion and mutual respect between 
youth and older adults [80, 81].

Although intergenerational experiences are a motivational 
factor, when designing serious games it should be kept in 
mind that a large difference in experience and technological 
skills between younger and older adults can cause an imbal-
ance in the experience [82]. In these cases, young people 
could assume the role of teachers, leaders, and caregivers, 
encouraging them and teaching them the dynamics and 
mechanics of the game, answering questions, and correcting 
mistakes. The older adults could take on the role of students, 
followers and even storytellers [83]. In the case of intergen-
erational activities, as in social activities, play experiences 
should include an adaptive difficulty. This would provide a 
balanced experience between older and younger adults when 
the skill level in play differs greatly.

3.8  Recognition

Older adults tend to need recognition and want not only to 
learn but to teach and share their wisdom, values and life 
experiences. This works well in intergenerational contexts 
where they can provide such experiences to their younger 
counterparts. In local multiplayer contexts, older adults 
focus on sharing, helping and supporting each other and 
other players by teaching, learning and sharing positive 
experiences [31, 84]. In addition, through serious games, 
learning can be encouraged in response to their needs in 
their daily lives, such as driving skills or safe medication 
[85]. These spaces provide the opportunity to learn and 
teach, generating connections and increasing wellness.
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In the process of designing a serious game, it must be 
understood that recognition can also be given with phrases 
or motivational elements in a game that provides the desired 
encouragement or praise [86]. This recognition is also 
achieved with a process of feedback from the game to the 
older adult, thus showing that the actions being performed 
are being recognized. Providing facilitating mechanisms in 
serious games and continuous feedback processes accord-
ing to the actions performed increases the motivation for 
participation in this type of experience. In addition, guided 
instructions can be incorporated to reduce confusion and 
anticipated frustration [87, 88] (see Fig. 4).

3.9  Match with interests

Although this is subjective and depends on the tastes of each 
person, if the theme of the serious game is related to per-
sonal interests, it generates greater motivation in the older 
adult. In addition, if it satisfies the need for feedback, the 
sense of accomplishment is valued by the older adult. This 
appreciation is reflected in the enjoyment of accomplishing 
objectives and as a means of challenging oneself and learn-
ing by monitoring one’s own progress and accomplishments 
[90].

3.9.1  Adaptation and customization

Many older adults have shown interest in using technologi-
cal elements, but find them too complex to master for proper 
use. This is why it is necessary to give the impression from 
the beginning that serious games are easy to use in order to 
motivate the participants to use them [91, 92]. The limita-
tions in user-friendliness are not only oriented towards an 
intuitive and eye-catching graphical interface but also have 
to do with the game mechanics involved. It is necessary to 
offer easy-to-play games that use few buttons and do not 
generate a psychological burden.

The cost–benefit evaluation made by older adults is often 
focused on the learning process that they must go through 
for basic mastery of the controls that will allow interaction 
with the game, evaluated against the benefit they will obtain. 
If the return is less than the effort they are going to make, 
then the usefulness of the digital game is zero, and the same 
happens with systems that are very accessible and easy to 
use, but that provide few benefits when using them [31]. 
Additionally, in order to offer a comfortable experience to 
the participant, the game design should offer the possibility 
of adjusting game parameters to customize the experience, 
for example, adjusting text size, brightness and colors [38].

3.9.2  Friendly interaction

Research has shown that older adults prefer to interact with 
mobile devices and PCs, rather than traditional consoles 
such as Play Station or Xbox that use traditional controllers 
[90]. This is due to the type of peripherals used to interact 
with the system. For example, there is greater acceptance 
and motivation for direct and natural input devices, such 
as touch screens, which require simple actions. Conversely, 
when using a console controller with multiple buttons and 
joysticks for motion control, the complexity of coordinating 
both elements for movement and game interaction increases 
[93]. Touch screen devices such as smartphones and tablets 
are also more widely accepted by older adults because they 
allow them to play whenever they want due to their portabil-
ity, ease of use and low configuration. However, depending 
on the visual capacity of the user, this device can become an 
unappealing element due to the size of the screen, in which 
case consoles are a better option [94].

As for natural interaction devices that use motion sen-
sors, acceptance is based on the ease of interacting with 
the game. Devices such as Sony’s Play Move are problem-
atic to use because they require additional button presses 
over and above the natural body movement process. On the 

Fig. 4  Support and feedback in 
older adults [89]
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contrary, devices such as Microsoft’s Kinect and Nintendo 
Wii are well received by this population, since they do not 
require this additional interaction process [95–97]

3.9.3  Make sense

In the design of serious games, efforts should focus on pro-
viding make sense to the actions performed by the older 
adult in the game. This is achieved through a coherent and 
interesting narrative, which drives motivation[38]. This 
narrative can be presented by a character that makes the 
player feel at ease, documented cases have shown that a 
boy or girl portraying a grandchild can achieve this feel-
ing [98] (see Fig. 5). The stories presented cannot be too 
simple or cliché, nor should they encourage depression or 
pessimism. This population appreciates empathetic stories 
that stimulate their inquisitiveness, provide useful knowl-
edge [85] and generate surprise and expectation [99].

3.9.4  Technology familiarity

Familiarity with technology in a serious game refers to the 
actionable familiarity needed to interact with the symbolic 
and cultural elements in the game. While one might expect 
that the older adult population would not have a different 
mindset than the leisure population about the usefulness 
of “gaming”, this changes when it comes to gamers with 
some experience with these types of systems [22].

The lack of knowledge about the use of modern technol-
ogies has a strong influence on the decision to use serious 
games. This is because it generates confusion about their 
use, fear of the unknown and lack of confidence in them 
[100]. A previous study identified that when older adults 
have full control over the technological platform where the 
game was played, they enjoyed it and participated more, 
regardless of whether it was on a mobile device or a con-
sole [94].

4  Materials and methods

4.1  Design

The model generated with the motivational aspects for 
older adults when participating in serious games with a 
learning approach (see Sect. 3) was used to design and 
propose a set of heuristics that can be used in the analysis 
of serious gaming in older adults. These heuristics were 
validated through the application of an expert evaluation. 
This base model is expected to be part of a much larger 
model that will include various aspects of playfulness in 
older adults with respect to game-based systems. In this 
case, we have focused on serious games from an older 
adult education perspective. It should be noted that it has 
not been initially evaluated by older adults since it would 
be ideal to have a prototype that has been previously evalu-
ated using the heuristics to be evaluated by end users, but 
this was not implemented in this research because of lim-
ited access to this population given that most of them live 
in isolation.

Based on the model of motivational aspects that encour-
age the use of serious games for learning in older adults 
described above, the following heuristics, detailed in 
Table 1, are established that should be taken into account 
in order to provide motivating game experiences that 
engage the older adult.

4.2  Participants

Fourteen evaluators were recruited to conduct the evalua-
tion, all of whom are academics with graduate training at a 
MSc or PhD level, expert researchers in the field of HCI and 
reported to have experience in heuristic evaluation, many 
of them with experience in the field of digital games. These 
evaluators are familiar with the principles and design needs 
and expressed their interest in participating in the evalua-
tion without receiving any compensation for their participa-
tion. The participating evaluators come from Universidad 
Pontificia and Universidad Católica de Valparaíso—Chile, 
Universidad de Caldas—Colombia, Universidad de Gra-
nada—Spain, Universidad de la Frontera—Chile, Univer-
sidad de Medellín—Colombia, Universidad Antonio José 
Camacho—Colombia, and Universidad San Buenaventura—
Colombia. The group of evaluators included two experts in 
the care and technological interaction of older adults and two 
anthropologists in order to provide an evaluation based on 
the motivations of human beings. As neither the experts in 
elderly care nor the anthropologists had any prior experience 
in heuristics, a previous training process was necessary to be 
able to carry out the process adequately.

Fig. 5  Child avatar which reminds the elderly of their family [98]
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4.3  Questionnaires

Based on the heuristics defined, we proceeded to establish 
the questionnaire to be answered by the expert evaluators, 
taking as a basis the methodology defined by Quiñones 
et al. [134] which establishes not only how to define heu-
ristics, but also how to carry out a process of validation and 
evaluation of the heuristics. The evaluation was carried out 
online by the participants via a web form where the rea-
son for the questionnaire, the different heuristics and their 
evaluation process were explained in detail (see Appendix 
A). This questionnaire consisted of a total of 54 questions, 
of which there were 4 questions for each heuristic focused 
on evaluating them individually with respect to dimensions 
of usefulness, clarity, ease of use and the need for a check-
list as a complementary element. These questions used a 
5-point Likert scale where a value of 1 indicates that the 
heuristic does not comply with its dimension and a value of 
5 indicates that it complies completely. Each heuristic had 
an optional question to obtain additional information that 

the evaluator would like to provide. Three (3) additional 
questions were added to analyze the heuristics as a group, 
evaluating their ease of use, intention of use by the evalu-
ators and their completeness, also structured with a Likert 
scale. Finally, one (1) optional question was added in order 
to complement missing information and also to obtain quali-
tative results. Below is a brief description of the dimensions 
evaluated for each heuristic from D1 to D4. The questions 
aimed at evaluating the heuristics as a group from Q1 to 
Q3. The question provided in each heuristic with an open 
response to obtain qualitative information from H1 to H10. 
The question to obtain qualitative information regarding to 
additional heuristics is included in C1 (see Table 2).

5  Results

The results of the responses are as follows, focusing on the 
individual analysis of the heuristic with respect to useful-
ness, ease, clarity and need for a checklist (see Table 3). 

Table 2  Evaluation questionnaire

Id Question

D1 How useful are heuristics as a motivating factor for older adults?
D2 How clear are the heuristics to be applied in serious game design?
D3 How easily do you think this heuristic can be implemented in the design of a serious game?
D4 How necessary is it to supplement the heuristics with a checklist?
Q1 How easy was it to perform this heuristic evaluation?
Q2 Would you use this set of heuristics for the design of serious learning-oriented games for older adults?
Q3 Do you think that the set of heuristics presented covers all the aspects that can motivate older adults 

regarding their participation in serious games for learning?
H1-H10 What elements do you think are missing or should be included in this heuristic?
C1 Do you think that more heuristics should be included than those already defined and for what purpose?

Table 3  Survey results for 
dimensions D1, D2, D3 and D4

D1 D2 D3 D4

Useful Clarity Ease of use Checklist

Mean Std. dev Mean Std. dev Mean Std. dev Mean Std. dev

Heuristic 1 4,36 0,63 4,50 0,85 4,00 0,88 4,14 1,17
Heuristic 2 4,57 0,51 4,43 0,65 3,71 0,91 4,21 1,42
Heuristic 3 4,57 0,76 4,57 0,85 3,86 1,10 4,36 0,84
Heuristic 4 4,71 0,47 4,64 0,50 4,07 0,62 4,36 1,01
Heuristic 5 4,57 0,76 4,29 0,83 3,36 1,22 4,57 0,65
Heuristic 6 4,79 0,58 4,50 0,85 4,21 089 4,43 0,65
Heuristic 7 4,71 0,47 4,57 0,65 4,00 0,96 4,29 0,91
Heuristic 8 4,78 0,43 4,57 0,85 3,93 0,83 4,29 0,73
Heuristic 9 4,86 0,36 4,71 0,47 3,64 1,28 4,50 0,65
Heuristic 10 4,93 0,27 4,57 0,51 4,14 0,86 4,21 1,12
Mean 4,69 4,54 3,89 4,34



 Universal Access in the Information Society

1 3

The results for D1—Usefulness indicate that the average 
usefulness is high (4.69) and heuristic 10 is considered the 
most useful overall. The overall standard deviation of D1 is 
low (its range is 0–0.76). As for the results of D2—Clarity, 
its average is also high (4.54), ranging from 4.29 and 4.71 
where heuristic 9 is the clearest of all. Its standard deviation 
is also low, with the lowest value in heuristic 9 (0.47) and the 
highest value in heuristics 1, 3, 6, 8 (0.85). As for the results 
of D3–Ease, although the average is the lowest overall, it is 
still an acceptable value (3.89). Heuristics 5 and 9 are the 
least easy to use with values of (3.36)—(3.64) and heuris-
tics 3, 4, 6, 7 and 10 are the easiest. Their variance is one of 
the most significant with a range of 3.36—4.21. Its lowest 
standard deviation occurs with heuristic 4 (0.62). Finally, in 
terms of the need for a checklist for more details, it is very 
high (4.34). All heuristics acquired a high mean value with 
a minimum value of 4.14. In addition, heuristic 5 stands out 
as having the highest value. The heuristic with the lowest 
value is heuristic 1, but with a high standard deviation, with 
a value of 1.17.

The perceptions of the experts are similar for all dimen-
sions except for the need for a checklist for heuristics 1, 2, 4, 
10 and the ease of application for heuristics 3, 5, 9. This is 
due to the participation of some participants without much 
experience in the field of the application of expert judgment 
and the use of heuristics, such as anthropologists and experts 
in the care of older adults. In addition, it is evident that heu-
ristics 5 and 9 do not show that they are easy to apply, so a 
revision of these heuristics will be made to make them more 
easily applicable irrespective of the area of knowledge.

The overall perception of the heuristics with respect to 
easiness, completeness and intention to use can be seen in 
Table 4. The perception of the intention to use the heuristics 
was the highest rated item with an average of 4.57, making 
the application of the set of heuristics presented attractive 
for the evaluators. For both the easiness of use and the com-
pleteness of the heuristics, positive results were obtained 
with an average of 4.21 and 4.36 respectively, and a standard 
deviation of 0.5 to 0.6, also showing positive comments for 
both the intention to use and the completeness presented, 
although as will be seen in the qualitative results, there are 
elements that could be improved.

Regarding the optional questions asked for each of 
the heuristics, only one evaluator provided an opinion on 

Table 4  Survey results for questions Q1, Q2 and Q3

Q1 Q2 Q3
Easiness Intention of future 

use
Completeness

Mean 4,21 4,57 4,36
Std. dev 0,58 0,51 0,50
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heuristic 4. The evaluator expressed confusion regarding the 
inclusion process indicated in the heuristic, relating it to the 
disability of older adults and not to a process of inclusion 
in social interaction based on cooperation and collabora-
tion. Once the process was completed, we clarified the true 
intention of the inclusion of this population to the evaluator. 
As for heuristics 5 and 9, which were rated as the most dif-
ficult to use, additional information on these heuristics was 
obtained with repetitive comments from the evaluators who 
provided feedback (see Table 5).

Finally, the answers obtained in the last question on 
the heuristic or missing elements presented by the experts 
allowed to make some observations. Table 6 shows these 
observations and specifies whether they warrant a future 
revision of the heuristics on a case-by-case basis. It should 
be noted that one of the expert evaluators was satisfied 
with the completeness of the elements contemplated in the 
heuristic.

A format of heuristic specifications was defined for each 
of them based on the different comments made by the evalu-
ators (see Appendix B). These contain different elements 
such as their nomenclature, their name, their priority, their 
definition, their detailed explanation, the characteristics of 
the serious game they affect, the benefits of their application 
and their possible interpretation problems. Prioritization of 
these elements was established at three levels according to 
the guiding methodology defined by Quiñones et al. [134]: 
(1) useful, (2) important, (3) critical. A heuristic set such 
as (1) indicates that the heuristic, although useful, can be 
improved. A ranking of (2) states that the heuristic is impor-
tant and should be considered, but is not mandatory because 
it depends on the application context. Finally, priority (3) 
establishes a key heuristic that must always be met.

6  Conclusions

The design and construction of serious games for learning 
processes are directed at a young public that does not adjust 
to the needs and particularities of older adults, nor to their 
motivations. This research offers advances in the design of 
serious games focused on learning in older adults, contrib-
uting a base model with different motivational aspects that 
should be taken into account to achieve greater use of these 
games by this population. This model was tested through an 
evaluation by experts in the field of HCI, achieving posi-
tive results. These results showed that the new heuristics 
were perceived as easy to use and useful and the participants 
expressed their intention to use them if working with the 
older adult population.

The responses were generally homogeneous and both 
quantitative and qualitative results were obtained. Accord-
ing to the feedback results of the evaluations, a set of new 
recommendations have been identified for the design and 
construction of serious games focused on learning in older 
adults, such as the inclusion of examples that guide the cor-
rect understanding and implementation of the heuristics, 
aspects of playability, game times, specification of adaptive 
elements, activities not only for groups but also for individu-
als, examples of game mechanics and some examples of spe-
cific application to a population with some type of disability.

Following a methodology in the process of defining and 
evaluating heuristics facilitates the tasks to be performed, 
since there are defined tasks and validation methods. The 
results obtained through the application of the chosen meth-
odology also showed an aspect where there was no complete 
uniformity in the evaluators’ answers, related to the need 
for checklists as a complementary element to the design 
and implementation process. Heuristics 1, 2, 4 and 10 show 
deviations greater than 1, so this aspect should be reviewed 
in greater depth. This is also considered a difficulty in the 
execution process.

Table 6  Group comments of heuristics

Comment Future action

I think it covers many aspects. For all of them, in general, I would like 
to comment that perhaps an example could be given

Examples should be presented to guide the correct understanding and 
implementation of the heuristics

Elements should be included in the existing heuristics such as ergo-
nomics, time of activity, adaptation of activities, heuristics focused 
on individual activities and type of mechanics geared towards the 
type of target population

It should include aspects of playability, game times, specification of 
adaptive elements, not only group activities but also individual activi-
ties and examples of game mechanics

The different special needs and disabilities of the elderly should be 
included in the existing heuristics

Although taking into account all the disabilities that older adults may 
have is too complex a task, some examples of application should be 
included

Define whether these serious games are digital, or include physical 
versions

This comment was not accepted, because it was clarified that the use of 
these heuristics was specifically for serious digital games
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Although we did not proceed to an empirical validation 
with older adults through a functional prototype, the results 
obtained will facilitate and guide future construction of the 
prototype with the help of experts and end users. These 
results drive and encourage construction that is more cen-
tered on the needs and particularities of older adults. Future 
extensions of this research should include tests applied 
directly to end users supported by a functional prototype of 
a serious game focused on learning processes. In addition, 
although the initial results are promising, further research 
is needed to focus efforts not only on serious games with 
an educational focus but on game-based systems in general 
in order to identify a broader set of motivations in older 
adults and achieve a degree of satisfaction and enjoyment 
in them, further encouraging the use of new technologies. 
Finally, more complete heuristic specification forms should 
be generated, including checklists to guide inexperienced 
evaluators in the process, or, due to the complexity of the 
heuristic, provide an application guide.

Appendix A

Original evaluation questionnaire used by the different 
evaluators. This questionnaire is available in: https:// bit. ly/ 
3Bwdx qY

Appendix B

Heuristic specification defined from the results and com-
ments of the evaluators. This heuristics specification is avail-
able in: https:// bit. ly/ 3QRj8 xL
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