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Context: Dementia is one of the top five chronic diseases, which has an overwhelming
impact on patients’ life quality, family, and caregivers. Currently, research relating to
people with dementia (PwD) focuses on the deterioration of cognitive abilities. A more
innovative approach, and the one taken by this paper, is focusing on methods to maintain
and improve functionality, communication and quality of life of PwD by building on
remaining capacities in the yet unexplored domain of emotional and social intelligence
(ESI). The use of serious games for PwD (SG4D) aimed at building social and emotional
capacity is a budding field of research.
Objectives: Proof of concept that the, low cost, easy to deploy SG4D, called “My Brain
Works” (MBW), co-designed with PwD, enhances ESI, based on the Bar-On ESI model.
Methods: 27 PwD, clients at MELABEV dementia day center, participated in a mixed
methods 12 weeks pilot, proof of concept study using a tablet SG4D co-designed with
PwD. Quantitative performance data was collected automatically by the tablet during
game sessions. In this paper we focus on the analysis of the qualitative and quantitative
data related to ESI, observed by 10 different researchers, during each game session.
Results: Quantitative data revealed: both the PwD with high and low MoCA scores had
similar average ESI scores. Qualitative analysis revealed that the PwD demonstrated 9
sub-components of the Bar-On ESI Model.
Conclusion: While there is no drug to stop cognitive decline associated with dementia,
interventions related to ESI, on the other hand, may improve functioning and quality of
life. Despite declines in cognitive abilities, our study shows that a tablet based SG4D
can stimulate their ESI and evoke responses in self-awareness, empathy, social and
communication capacities. Using SG4D to exercise and maintain social skills is an area
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that may be promising in the future and may help counter the negative effects of social
isolation and loneliness. Such games, while not focusing on cognitive improvement, may
also impact on cognitive functioning and help bridge the gap between caregiver and
PwD. More research is needed with larger sample sizes.
Keywords: serious games for dementia (SG4D), emotional intelligence, social intelligence, caregiving,
communication, quality of life, human computer interaction, human human interaction

INTRODUCTION

difficulties in understanding social cues or recognizing emotions
(Phillips et al., 2010). For instance, some PwD have trouble
adapting to change, are unconcerned with others’ feelings and
are unable to control emotions. These social cognition deficits
are independent of cognitive dysfunction and may increase over
time (Cosentino et al., 2014). Impairment in emotion recognition
by PwD has a large effect on the caregiver. These impairments
can cause failures to modify behavior that is offensive to others
(Blair, 2003).
The psychological and behavioral symptoms of dementia are
reported to occur in ∼90% of people with dementia. These
symptoms can include such things as: anxiety, apathy, emotional
lability, aggressiveness, disinhibition, and irritability. This can
lead to breakdowns in communication and increased conflict
in relationships, and has implications for caregiver burden
and depression (Martinez et al., 2018). Apathy and withdrawal
in PwD can be as distressing to caregivers as agitation and
aggression (Burns and Iliffe, 2009). Taken together, these factors
play an important role in caregivers’ decisions to institutionalize
the PwD and are detrimental to their quality of life (McLellan
et al., 2008).
Empathy is essential for social interaction as well, and a crucial
trait to understand the intentions and behaviors of others and
to react accordingly. Empathy results from the interaction of
four components: shared neural representation, self-awareness,
mental flexibility, and emotion regulation. All these capacities
can also be affected in dementia (Bartochowski et al., 2018;
Fischer et al., 2019). This may relate to a deficit in perception of
positive emotions. Perceiving positive emotions in others helps
people feel connected to one another. Failure to recognize and
respond to positive emotions can make people with dementia
seem cold and distant, making it harder for others to connect
to them.
On top of all the other difficulties, PwD tend to be socially
isolated and therefore lack opportunities to exercise various
aspects of their remaining emotional and social intelligence (ESI).
They are unable to express themselves clearly, so they spend
most of their time alone, doing little and not being engaged
in meaningful activity. The health and well-being consequences
of social isolation and loneliness are increasingly recognized
(Cacioppo and Hawkley, 2009; Cacioppo and Cacioppo, 2014;
Cole et al., 2015). Engaging a PwD in meaningful activity is
therefore important and is a priority when providing care for this
population in order to improve well-being through an increase in
positive emotions (Jones et al., 2015).
Unfortunately, most efforts related to PwD focus on cognitive
changes from dementia while ignoring the fact that there is

Dementia is a neurodegenerative illness, which has an
overwhelming impact on the patient, family and caregivers
(World Health Organization, 2019). Most research relating to
people with dementia (PwD) focuses on the deterioration of
cognitive abilities. Rarely does it take note of the remaining
capacities of emotional and social intelligence (ESI), though
many researchers suggest that these intelligences are much
more accurate determinants of successful communication and
relationships than mental intelligence (Goleman, 2006). This is
true especially in dementia, leading the current study to focus
on emotional and social intelligence and dementia. Specifically,
we aimed to show a proof of concept for a novel serious game
for dementia SG4D, entitled “My Brain Works” (MBW) (Tziraki
et al., 2017). We focused on whether PwD, even with severe
dementia, can engage with a computerized game, enjoy the game
and socially interact with it in a meaningful way.
Cognitive functioning in several domains may change
in healthy aging (e.g., executive functions, see Hasher and
Zacks, 1988), while functioning in others are retained (e.g.,
speech processing in ideal listening conditions, see Ben-David
et al., 2011) or even increase (e.g., vocabulary, see Ben-David
et al., 2015). Compared to cognitive performance, emotional
processing is taken to be relatively reserved in healthy aging (even
if changed; Ben-David et al., 2019) and in unhealthy aging. This
leads the current literature to recommend that care of people
with dementia should be focused on the stimulation of emotional
function (e.g., sympathy and empathy), rather than relying solely
on the stimulation of cognitive function (Hirazakura et al., 2008;
Fujii et al., 2014a).
Not all emotional processes are preserved in dementia. PwD
may have emotion processing deficits in several domains, along
with their cognitive deficits, for example reduced perception
of emotional facial expressions (Hoffmann et al., 2010; KleinKoerkamp et al., 2012a,b; Kumfor et al., 2014). This ability
plays a significant role in communication and is one of the
most important aspects of social cognition (León et al., 2011;
Torres et al., 2015; Torres Mendonça De Melo Fádel et al., 2018).
Social cognition allows individuals to partake in social situations,
enabling them to perceive and recognize the thoughts, emotions,
and behaviors of others (Shany-Ur and Rankin, 2011). An intact
association between implicit and explicit cognitive functions are
required in order to successfully decipher and interact with the
social environment around us. As PwD show changes in social
cognition (Snowden et al., 2003; Poveda et al., 2017) it can
further impair their quality of life. Indeed, PwD may display
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remaining emotional intelligence. That while there is a growing
call in the recent literature to focus on the remaining capacities of
emotional intelligence (Hirazakura et al., 2008; Fujii et al., 2014a).
Indeed, the most common, and recognized, cognitive evaluations
used with PwD are the Montreal Cognitive Assessment Scale
(MoCA) (Wallace et al., 2019), and the Mini-Mental State
Examination (MMSE) (Creavin et al., 2016); while there is very
little evaluation of emotional and social abilities related to PwD.
However recently, researchers in Japan (Fujii et al., 2014b)
have developed and tested a Mini-Emotional State Examination
(MESE) for the examination of emotional functions in people
with dementia, to accompany the MMSE. They found that the
difference in distribution of MMSE and MESE scores show that
cognitive and emotional functions are independently affected
in dementia, and therefore assessment of both these functions
should be taken into consideration in the care and management
of PwD. In fact, they encourage working with the remaining
emotional intelligence of PwD (Hirazakura et al., 2008; Fujii et al.,
2014a). Following this, the goal of the current study is to test
whether PwD can engage with our novel serious game, “MBW,”
in a meaningful way (social and emotional) accompanied by
positive emotions.

TABLE 1 | Three components of Bar-On’s model of emotional social intelligence.
Components Sub-components
Intrapersonal

Self-awareness and self-expression:
Self-regard

Emotional self- awareness To be aware of and understand one’s
emotions.
Assertiveness

To effectively and constructively
express one’s emotions and oneself.

Independence

To be self-reliant and free of emotional
dependency on others.

Self-actualization

To strive to achieve personal goals and
actualize one’s potential.

Interpersonal

Social awareness and interpersonal
relationship:
Empathy

To be aware of and understand how
others feel.

Social responsibility

To identify with one’s social group and
cooperate with others.

Interpersonal relationship

To establish mutually satisfying
relationships and relate well with
others.

Reality testing

To objectively validate one’s feelings
and thinking with external reality.

Flexibility

To adapt and adjust one’s feelings and
thinking to new situations.

Problem solving

To effectively solve problems of a
personal and interpersonal nature.

Adaptability

The Current Study: Can PwD Engage
Emotionally and Socially With MBW SG4D?
There are currently three major conceptual models relating to
emotional and social intelligence: (a) the Mayer-Salovey-model
(Mayer and Salovey, 1997) which defines this construct as the
ability to perceive, understand, manage and use emotions to
facilitate thinking, measured by an ability-based measure (Mayer
et al., 2002); (b) the Goleman model (1998) which views this
construct as a wide array of competencies and skills, measured
by multi-rater assessment (Goleman, 2006); and (c) the BarOn (2000) model which describes a cross-section of interrelated
emotional and social competencies, skills and facilitators that
impact intelligent behavior, measured by self-report (Bar-On,
1997, 2004) or multi-rater assessment (Bar On and Handley,
2003). The latter model was chosen as the theoretical basis for this
study, as it was considered to be the most suited for observational
analyses and training of the PwD population.
Table 1 presents three of the core elements in the Bar-On
model of Emotional-social intelligence (ESI), (Bar-On, 2006)
that were the focus of the current study. ESI, as conceptualized
by the Bar-On model, is a multi-factorial array of interrelated
emotional and social competencies, skills and facilitators that
influence one’s ability to understand and express themselves,
understand others and interact with them, as well as cope with
daily demands and challenges and pressures (Cherniss, 2004;
Bar-On, 2006). It contains five main components (divided into
15 sub-components): intrapersonal, interpersonal, adaptability,
stress management, and general mood. These core elements
are at the basis for effective social interactions. Indeed, to
accurately perceive, understand and express our feelings, and
control our emotions (so they work for us and not against
us) are essential qualities for effective communication, social
adeptness, adaptability, self-actualization and happiness (Bar-On
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To accurately perceive, understand
and accept oneself.

Change management:

and Parker, 2000). Emotionally and socially intelligent behavior
can be enhanced in school, the workplace and in the clinical
setting in order to improve performance, self-actualization and
subjective well-being (Bar-On, 2006). Much more research is
needed in this area (Birks and Watt, 2007). As well, little has
been done in the area of exercising and enhancing the emotional
intelligence capabilities in those with dementia (McLellan et al.,
2008). While there is decline in emotional social intelligence
capacities associated with dementia, there are still many ESI
abilities remaining that might not be apparent to the caregivers
and could be enhanced (Fujii et al., 2014a).
Serious games, developed especially for PwD (SG4D), in order
to engage them through ESI, may help to exercise these remaining
abilities, which may even also have some positive effects on
cognitive functioning. Serious games may offer the promise of
low cost easy to deploy interventions in the care of PwD (Astell,
2010; Robert et al., 2014). In addition, they require minimal
professional supervision (i.e., by an occupational therapist) and
can be played with the assistance of formal or informal caregivers.
Our novel SG4D, “My Brain Works” (MBW) was designed to
answer these specific needs. In our original study, we presented
MBW, a low cost, easy to deploy serious game, co-designed
with and developed especially for PwD. Our major goal was
to bridge the transfer gap between “game designers” practice
and knowledge and neuro-psychosocial scientific knowledge of
aging and dementia (Tziraki et al., 2017). The overall aim of

3
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FIGURE 1 | Depiction of game screen.

remaining emotional and social capacities? To meet these
objectives, 10 researchers were asked to observe PwD playing
several sessions on the “MBW” SG4D to collect data on
interactions, engagement both emotional and social. We present
qualitative and quantitative analyses of their observations. The
data was collected using a novel tool designed specifically
for this study, the “MBW Emotional and Social Intelligence
Evaluation Form” (see Appendix A). This observation form is
an adaptation of the ACIS, occupational therapy assessment
(Forsyth et al., 1999), to explore the emotive and social capacities
of PwD’s interactions with the MBW SG4D. This assessment tool
includes the key domains of the Bar-On Model of Emotional and
Social Intelligence.
The current study had several hypotheses tested in qualitative
and quantitative analysis of observations. (1) PwD will interact
with the SG4D; (2) PwD will be able to operate the game; (3)
PwD will enjoy using the SG4D and will not be frustrated; and
most importantly, (4) the use of a serious game may be able
to act as an augmentative alternative communication for PwD
and their caregivers, allowing the caregiver to enter the world
of the PwD and learn about their hidden capacities, especially
their emotional and social abilities (Berenbaum et al., 2011). This
was tested by interactions with the tablet and by gauging effective
communication with the care giver present during the game play.

our gaming approach was to facilitate people with moderate
and advanced dementia to arrive at an increased sense of self
efficacy, which, according to recent research in neuropsychology,
directly contributes to psychological, cognitive, and physical
health, and thus serves as a key enabler in augmenting and
prolonging functionality (Choi and Twamley, 2013). The target
was to train a set of functional simple daily tasks, essential and
culturally relevant to daily life. For example, choosing current
utensils for dinner (see Figure 1). Each task was then divided
into subtasks, utilizing an occupational therapy methodology,
primarily adapted from neuro-rehabilitation. The game screens
were designed in a visually engaging way, considering several
design issues related to sensory degradation (Ben-David and
Schneider, 2009, 2010), topic (Ben-David and Icht, 2017, 2018)
and goal changes (for discussion, see Ben-David et al., 2018).
Users are asked to sort, find, drag, and move items on a
tablet, using the simple and easy to use qualities of a touch
screen. The original study (Tziraki et al., 2017) was designed
to answer the following questions: (1) Are serious computer
games acceptable, accessible and engaging for people with
moderate and advanced dementia? (2) Are people with moderate
and advanced dementia able to use a tablet? and (3) Can
PwD improve the speed of performing a task with practice,
indicating their ability to learn? That study demonstrated that
“MBW” is (1) accessible, acceptable, and enjoyable for the target
population; (2) PwD were able to use the tablet, enjoyed the
game; and (3) were able to improve their speed of performance
in “MBW.”
As a follow-up for the original findings, the current study
aimed to investigate whether use of an improved version of
the novel game can engage PwD, stimulate and exercise their
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METHODS
Design of the New SG4D “MBW”
Goals and General Design
For the current proof of concept pilot study, we improved
the English version of the SG4D “MBW” and built a user
4
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FIGURE 2 | Depiction of “sensory interaction screen”.

management and data collection system around it. We used
the development process theory described at length previously
(Tziraki et al., 2017), aiming to create a theory-based SG4D,
with input from a multi-disciplinary team familiar with
aging, dementia, user experience design, gaming theory, and
technology, as well as direct input from end users (using the
iterative process, see Valdez et al., 2015) and data collected
automatically by the system.
In the second stage of development of “MBW” we focus
further on user interface and design, aiming to increase social and
emotional engagement—the act of being occupied or involved
with external stimuli. It is not always clear how to effectively
engage PwD in activities and derive the desired benefits, as well
as how to measure engagement, especially since there has been
a dearth of research examining engagement in PwD (Trahan
et al., 2014; Perugia et al., 2018). There is evidence though, to
suggest that interventions that support the sense of self, by using
tasks or objects with specific meaning to the person, are more
likely to engage PwD (Cohen-Mansfield et al., 2009; Zimmerman
et al., 2011). Thus, explicit models of emotional identity offer
an attractive mechanism for developing more appropriate and
effective technologies. This is of specific importance, as PwD
are much more focused on emotional and social issues than on
abstract problems (Carstensen and Mikels, 2005; Mikels et al.,
2005; Blanchard-Fields, 2007). But how exactly does one turn a
flat screened tablet into a serious game that can evoke emotions
and social interaction in PwD? This is truly challenging.
The methodology that we followed began with the choice
of a multidisciplinary team familiar with aging, dementia,
user experience design, gaming theory, and technology.

Frontiers in Computer Science | www.frontiersin.org

Multidisciplinary collaboration is often encouraged in user
centered design (UCD) including partnerships between
designers and clinicians (Robert et al., 2014; Cornet et al.,
2020). The synergies of the team helped to translate appropriate
game ideas that came from the aging and dementia experts
into emotionally and socially stimulating experiences designed
with input of the user experience (UX), gaming and technology
experts. We gave special consideration to design aspects that
would trigger the PwD emotionally and socially, keeping in
mind the importance of emotional alignment (Ienca et al.,
2017; Robillard et al., 2018). We used the inclusive participatory
design method which ensures benefits to end-users, promotes
engagement and ensures usability (Robillard et al., 2018). We
also considered more personalized aspects of the game screens
(i.e., culturally appropriate, clear, welcoming pictures and design
choices to enhance PwDs engagement with the SG4D).
Great care was devoted to the choice of each picture used,
in order to increase emotional and social interaction with the
SG4D. First, we chose to use real life photos as opposed to
animations to make them more realistic and understandable. We
chose pictures that would be familiar to a broad range of cultures,
not childish, but that includes pictures of children, and all the
generations. These intergenerational and family images with
clear unambiguous emotional expressions were chosen to make
it easier for PwD to recognize the emotions of the characters
and empathize, sympathize and interact with them (McAllister
et al., 2020), and give a feeling of warmth and belonging (see
Figure 2). Nature scenes were included as well, to elicit emotions
of calmness and enjoyment (Gamble et al., 2014; Thake et al.,
2017).

5

December 2020 | Volume 2 | Article 536880

Berenbaum et al.

Dementia, SGs and Emotional Social Intelligence

Table 2) using a similar adaptation to the TRL scale, as described
by the LEITAT organization. We denote five components of the
system, aiming to ultimately provide a competitive marketable
solution, which encompasses the many aspects of therapy and
user interaction described by this article, is robust and scalable,
and is also coupled by credible research data and analysis.
Our (1) basic unit is the game itself, an App which can run
on a tablet and shows the various game screens in succession.
Next, we denote the (2) Integrated System, coupling the game
App with a user login base and a server back-end to collect data.
All development and coding having to do with the accompanying
research are denoted (3) Sub System. Lastly, the penultimate and
ultimate components are the (4) Operational System, a market
deployment ready prototype, and (5) Application, the final
software deployment solution, a robust and scalable technology
product, encompassing all stages of physical site deployment.
The different components of the system are at various
readiness levels ranging from “technology concept formulated”
(TRL 2) to “technology demonstrated in a relevant environment”
(TRL6; i.e., an active dementia day care center) as seen in Table 2.
The basic unit and integrated system of “MBW” (column 1, 2
of Table 2) have been demonstrated to be at TRL level 6. We
have successfully completed an initial system pilot, testing the
various aspects of the system in one of MELABEV’s 4 day-care
centers, which can be regarded as a relevant environment for
this game.

The interdisciplinary team worked together to ensure
instructions are clear, friendly and inviting for a person with
dementia (Di Rosa et al., 2014; Mondini et al., 2014; Lam et al.,
2015). Another aspect included throughout was appropriate and
respectful humor (Berenbaum, 2003). Being able to understand
humor is one of the capacities remaining for many in the
middle stages of dementia. Since most people are not able to
laugh spontaneously, the SG4D acts as a stimulus to trigger
laughter. Indeed, laughing has positive psychological, physical
and social benefits. It releases tensions, dilutes stress, and induces
relaxation (Eng, 2000). Throughout, game tasks were designed
to match the abilities of PwD in order to increase self-efficacy
(Tziraki et al., 2017).
Each game screen was person-centered (Kitwood, 1997), and
culturally appropriate to engage them in an interactive way.
Figure 1 is a depiction of a sample game screen where the PwD
was instructed to follow written and oral instructions to sort, find,
drag, and move items on the tablet touch screen. Game screens
targeted the following skills: eye hand coordination, language
skills (reading, comprehension), understanding and following
instructions, praxis, memory, sustained attention, and object
recognition. They also targeted other physical, cognitive and
emotional social skills such as gnosis, association, mental rigidity,
recognition, abstraction, association, inhibition, basic math skills,
logic, language and communication responses. All tasks included
in game screens were in order to maintain appropriate challenges
and spark interest throughout gameplay.
The system was designed in a modular way so that the game
screens sequence can be interchanged, and various timings in the
game are configurable. This allows for testing a variety of game
experience scenarios.
The game’s length, interaction timers and difficulty levels
are all configurable in the system and may entail further
experimentation. Indeed, the design, playfulness, feel, and looks
of the system and game, were all inspired by the field of dementia
care, as well as input of the MELABEV staff. We had a codesign approach to the game development based on the clients’
feedback in terms of usability, and clarity for each screen of
the game. We also included a training session for the PwD,
before commencing the pilot, so they could learn how to use the
technology. At the end of the iterative development stage, we had
a prototype of a tablet-based game for PwD with 23 game screens
including 15 “physical interaction screens” —where the PwD
must sort, find, drag, and move items on the tablet touch screen,
and eight “sensory interaction screens” —not requiring physical
interaction with the tablet but where the PwD looks at pictures
on the screen and interacts sensorially, emotionally and socially.
This prototype was used for the pilot proof of concept study
described here.

Proof of Concept Pilot Study
Setting
The present proof of concept pilot study took place at MELABEV,
an English speaking, dementia day center, Jerusalem, Israel
(Berenbaum, 2010). MELABEV has 4 day-care centers attended
by ∼500 PwDs, ranging from people with moderate cognitive
impairment (MCI) to advanced dementia. While the literature
reports on it being difficult to engage PwD in activities, the
activity staff at MELABEV do their utmost to find the appropriate
activities for each client (Berenbaum et al., 2017a,b). MELABEV’s
professional staff routinely uses computer games on a one-to-one
basis for cognitive stimulation gaming (Berenbaum et al., 2011),
as well as reminiscence therapy at the computer (Douglas et al.,
2004). Primary family caregivers who enroll the PwD in the day
care program consent to the participation of their family member
with these kinds of technology, as well as all other activities in the
day care center.
Meaningful informed consent for people with dementia
is challenging. Thus, for our pilot study, we utilized the
participatory consent process (Dewing, 2007, 2008). Before each
gaming session, the research assistant asked the PwD if he/she
agreed to participate in the gaming session. Upon agreement, the
PwD voluntarily got up and was guided by the research assistant
to a designated space (one of four quiet rooms) to play the SG4D.
If the PwD did not agree to participate, or if he/she said or acted as
if he/she didn’t want to continue, the game session was promptly
terminated, and the PwD was led to the regular activity room at
the center, with no consequences whatsoever to the services they
received in the center.

Technology Readiness Levels (TRL) Scale
The design of the novel “MBW” SG4D can be examined using
an adaptation of NASA’s Technology readiness levels (TRL)
scale, similar to the EU’s adaptation of the scale methodology
(Earto, 2014). We also look at the methodology described by
a publication by the LEITAT organization (Jamier et al., 2018).
MBW’s readiness level can be described by the matrix (see
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TABLE 2 | “MBW” technology readiness matrix.
Panel A

Timeline

Basic unit

Integrated system

Sub system

System component

Game UI

Pilot Deployment

Research Planning and UX
Goals

Description

Playable game App on Integration of the game Define and implement
a tablet for PwD
with a user base and
how to measure (data
login
collection) success and
progress of PwD by
means of technology

A “user first” system,
ready for deployment,
including all relevant
UI’s for all types of
users (i.e., multiple
daycare centers, or
home use)

System ready for
scalable robust site
deployment and/or App
public on vendor stores

6

2

2

Sum TRL

6

3

Operational system

Application
Market ready
deployment

TRL phase
Competitive manufacturing

TRL 9
TRL 8

Product demonstration

TRL 7
TRL 6

Technology research

TRL 5
TRL 4

Preliminary new technology research TRL 3
TRL 2
TRL 1
Conceptually, we split development to specific research and development components, ranging from abstract ideas, to operational physical systems, and place them on a timeline, from
left to right. The components and timeline are described by the columns of the Matrix. The various TRL’s, according to the chosen scale, are placed on the Matrix’s row. A table cell then
links any component with any TRL. In the Matrix a green/red cell describes a completed/ uncompleted TRL, for the corresponding system component. The TRL phase is highlighted
in blue.

Participants

Functioning group scored between nine and 28 on the MoCA
scale, and participants in the Lower Functioning groups scored
below six.

Twenty-seven PwD, clients at the MELABEV dementia day
center, were recruited to the proof of concept study. During
recruitment, we excluded clients with aggression, delusional
behavior, a history of alcohol or substance abuse, depression,
severe auditory, and/or visual or motor deficits, as assessed by
the professional staff at MELABEV. From the 27 who started the
pilot, eight were removed from analysis for the following reasons:
(a) reached ceiling in performance (the task was apparently
not challenging as evident in their higher scores on cognitive
assessment, N = 2); (b) did not complete more than one session
(N = 4); (c) extremely low affect (N = 2). Performance of
nine-teen participants was analyzed (14 women and five men,
ages ranging from 65 to 97 years; M age = 87 years, SD
= 8 years). Fifty-six percent were from the US, 26% from
Eastern European countries, 9% from South Africa, and 9% from
England. The participants had worked in various professions
in the past including: programing, beautician, architecture,
accounting, social work, teaching, and business.
The 19 participants included in the analysis came from two
different groups at the Melabev center: Higher Functioning (13
participants) and Lower Functioning (six participants). PwD
are placed in these groups based on various criteria set by
the Melabev staff, which include group dynamics as well as
cognitive abilities. To assess participants’ preserved cognitive
abilities, Melabev center uses the Montreal Cognitive Assessment
Scale (MoCA; Wallace et al., 2019). Participants in the Higher
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Gaming Sessions
Ten researchers (all graduate or undergraduate interns from
the fields of psychology, nursing, social work, pharmacology,
pre-med, and speech therapy), who were not involved in the
development process of the game, participated in the proof of
concept study. They accompanied the PwD during game play.
Their main task was to observe the sessions and document
the PwDs engagement with the game, focusing on emotional,
and social abilities. During each 20–30 min gaming session, the
research assistant, working one-on-one with each client, filled
in two different assessment forms (as described in the Tools
section). Researchers were also instructed to help with any
technological issues that might arise during game play (i.e., no
internet connection; Manera et al., 2017).

Tablet Setup
Attention was paid to tablet set up before each session. The sound
level was set to the client’s most comfortable level, noting the
impact of auditory sensory degradation in aging (for example, see
Ben-David et al., 2016). Before starting, each PwD was reminded
by the researchers to use only one hand on the tablet and to keep
the other on the table or on their lap. Research assistants were
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1 to 5 (one being the lowest frequency, five being the highest).
The form also included one other parameter. This was filled
in if at any time during the gaming session, the PwD initiated
communication with the research assistant who sat next to them
throughout the gaming session. This was rated on a 5-point Likert
scale. This form was filled out by the researchers as the PwD was
using the game. A total ESI score was derived, in order to assess
reliability of the ESI Form, we conducted a Cronbach’s Alpha test
which indicated that the evaluation has an acceptable reliability
(α = 0.92).

encouraged to let the client interact with the game independently
and not complete the tasks for them.
Training. Before commencing with the pilot, each PwD was
presented with a tutorial on how to use the tablet properly
(Cunnah et al., 2019). The research assistant informed the PwD:
“In case you have never used a tablet before—we will now do
something to learn how to use this one, since each tablet is a bit
different. You will use your finger to select items by tapping them
with a finger and dragging them (left or right or up or down) on the
screen. We will learn how hard or soft to touch the screen, and how
to drag things from place to place on the screen.”

Subjective Observations
In addition to the ESI form, the “MBW Game Screen Subjective
Evaluation Form” (see Appendix B) was used which prompted
researchers to report on their subjective feelings related to the
PwDs’ performance on each of the 23 game screens during each
game play session. The form included both close and openended questions, such as: (1) “Did the client enjoy the game?” (2)
“Document specific quotes that the PwD shared during the game
session”, respectively. The open-ended part of the form had no
specific guiding questions.

Gaming Sessions
Following instructions, participants commenced with the game
session. In each gaming session, the PwD could play with all
23 game screens. After the completion of each game session,
the PwD was asked for their feedback which they gave both
verbally to the researchers and by entering it into the tablet.
When mistakes (or inactivity) were recorded by the system, it
provided cues/prompts to guide the participants toward expected
activity (usually, by repeating the instructions). After two cues,
participants were shown the correct answer, and the game
advanced to the next game screen. The duration of each game
session was between 20 and 30 min. All sessions took place at
approximately the same time of day in a quiet room. In every
game session, each PwD had the opportunity to play the complete
game of 23 game screens.

Correct Engagement Score
A login-based system was used to monitor game plays by the PwD
and saved on a centralized anonymized database for analyses.
The analysis in the current study focused on “physical interaction
screens.” These are 15 of the MBW game screens, where the
PwD was asked to actively engage with the game—e.g., choose
a specific object on the screen and drag it to a designated place on
the screen.
Accuracy of performance was found to be very low in the
first three sessions, as expected. Likewise, the time users spent
with each game screen varied significantly between participants,
which can be explained by the inability of the PwD to focus on a
specific task. As a result, an aggregate “correct engagement” score
was calculated. Specifically, in each game screen, choosing and/or
dragging the correct object was considered correct engagement
with the tablet, irrespective of success in the game screen.
The maximum score for each session was 15 (as 15 physical
interaction screens were analyzed) and minimal score was 0.

Data Collection and Tools
This was a mixed methods study with both quantitative and
qualitative data collected (Creswell and Creswell, 2017).

MBW Emotional and Social Intelligence (ESI)
Evaluation Form
All researchers described their observations, during the game
play, on an ESI evaluation form, designed especially for this
study. This ESI form, presented in Appendix A, was modified
from the ACIS (Assessment of Communication and Interaction
Skills, used by occupational therapists) (Forsyth et al., 1999;
D’Amico, 2017) by a multidisciplinary team (gerontologist, MD,
OT, speech therapist, psychologist). The ACIS is a structured
observation tool with 20 discrete skills concerning physicality,
information exchange and relations. The ESI tool is designed
to capture, in detail, a person’s social interactional ability while
he or she is participating in a meaningful social context. It
identifies strengths as well as problem areas. We included social
interactional abilities from the ACIS that were feasible for
the research assistants to observe during game play and that
corresponded to three components of the Bar-On emotional
social intelligence model: interpersonal, intrapersonal, and
adaptability (Birks and Watt, 2007).
The “MBW ESI Evaluation Form” includes 11 parameters
related to communication and interpersonal social skills rated on
a 5-point Likert scale. If the research assistants witnessed any of
the following 11 capacities in the reactions of the PwD to the
tablet during any of the game screens they would rate it from
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Qualitative Data Analysis
Subjective observations and quotation data from MBW game
screen subjective evaluation form, was collected on an Excel
document and analyzed using grounded theory (Chun-Tie et al.,
2019). Five different researchers analyzed the data for themes,
three are co-authors on this paper, and the other two had not
been involved in the game development or pilot study. The group
spanned different fields of expertise (medicine, occupational
therapy, gerontology, social work, and neurobiology) and levels
of expertise (from interns to emerita). Each researcher read
the Excel data a number of times on their own searching for
themes. Then they discussed all the themes found by all the
researchers with about 92% of original agreement between them
and came to a consensus on the themes. Then two of the
researchers returned to the data to collect the quotes they felt
best portrayed the themes that had been chosen that related to
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emotional and social intelligence. They came up with a long
list of quotes which together they narrowed down to about 20
quotes for each sub-category of the Bar-On Model of Emotional
Social Intelligence (total of 180 quotes). This list of quotes was
given to four different professionals (three social workers and
a speech-language therapist) who were asked to, each on their
own, choose the three most representative quotes from the list
of 20 demonstrating each sub-category of the Bar-On ESI. The
quotes that best represent the different themes are presented
in Table 3.

TABLE 3 | Quotes demonstrating selected sub-components of Bar-On’s model of
emotional social intelligence.
Components

Intrapersonal
Self-regard

“This is too easy for me.”
“I know what to do but can’t get it to move.”
“I should be wearing my glasses”
“I really wanted to put the fork here but knew it
wouldn’t go”
“I’m a slow poke”,
“I’ve had enough”, she took a break and then
continued till the end.

Emotional self- awareness

“I’d really enjoy that I’m sure”
“this is not my cup of tea I must tell you”
nodding, “I’d be happy here”
“I’d like to have some too”

Assertiveness

“This picture is disgusting”
“The flowers are pretty, not the lady”
“I think I’m getting a little fed up with this
you know...”

Self-actualization

After realizing that she didn’t get the answer
correctly “wait, can we start over?”
“something more?” wanting to know what else she
could do

RESULTS
Quantitative Data
In the following analyses, we tested for significant differences
between the two subgroups of PwD participants, higher
functioning (n = 13) and lower functioning (n = 6).
As expected, the average number of “correct engagements”
was significantly higher for the higher functioning group
compared to the lower functioning group, t (17) = 3.5, p = 0.003
(see Figure 3A; M = 9.7/15, SE = 2.3, and M = 5.4/15, SE = 2.5;
for the higher and lower functioning subgroups, respectively).
However, no significant difference was found between the two
subgroups on the ESI scores, t (17) = 1.6, p = 0.131, (see
Figure 3B; M = 3.7/5, SE = 0.9, and M = 2.9/5, SE = 0.8; for
the higher and lower functioning subgroups, respectively).
In the next step, we tested the link between correct
engagement performance and ESI scores. The analysis,
conducted across both PwD groups, suggested that engagement
performance was significantly correlated with ESI, F (1, 17) = 5.1,
p = 0.038, with performance in the SG4D explaining 23% of the
ESI variance, r2 = 0.23 (See Figure 4). When correlation analysis
was conducted separately for each of the PwD subgroups, the
link was found to be significant only for the higher functioning
subgroup, F (1, 11) = 5.1, p = 0.046, r2 = 0.31, but not for the
lower functioning subgroup, F (1, 4) = 0.47, p = 0.53. This could
hint on the higher relation between performance and ESI in
higher functioning group, or simply be an artifact of the smaller
number of participants in the lower functioning group (and
hence, smaller variance in performance).
In sum, higher functioning PwD participants (as assessed
by the MoCA) performed better on the game (as assessed
by correct engagement) than their lower-functioning peers.
However, both groups were not differently assessed on ESI. Thus,
PwD’s cognitive functioning was predictive of performance on
the game, but not of ESI. Interestingly, ESI and performance
on the game were significantly correlated for the higher
functioning PwD group, suggesting that with residual cognitive
capacity, ESI could be possibly used to improve performance on
the game.

Interpersonal
Empathy

“they’re enjoying themselves”
“she’s having a good time”
“She looks a bit worried”
“Let’s leave her alone”
“Now you feel better”

Social responsibility

“Thank you”
Wishes the characters “Bon appetite”
“Good morning how are you today?”
“When should we come again?”
While raising cup towards research assistants says
“Cheers!”
“Congratulations”
“he finished his soup give him something else”

Interpersonal Relationship

“Hello”
“Oh, my, what family is this?”
“A lovely family”
“Beautiful”
“You’re so sweet and beautiful” started laughing
“you can eat the soup because I love you.”

Adaptability

Qualitative Data
Three general overarching themes emerged from the grounded
theory analysis: (1) Manifestations: manifestations of aging
and dementia symptoms, and the types of associated mistakes;
(2) Learning: learning techniques and signs of learning; and
(3) Emotional Social Intelligence. These three themes are
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Quotes of PwD while using MBW

Sub-components

Reality testing

“I’ve seen this before”
“This is funny, those are the same faces from
yesterday.”
“This must be you and your Dad?”
“Where is that?” — nature screen
“Where is she talking from?”

Problem solving

Asks clarifying questions “is this what we are
supposed to do?”
Reread instructions
“Who goes first?” -trying to clarify instructions
“I can’t see it”,
“this goes here I guess”

interweaved with three categories of interactions: interactions
with the technology, interactions with the research assistants, and
interactions with the objects on the screen.
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FIGURE 3 | (A) presents aggregate correct engagement scores, and (B) presents average ESI assessments for the lower (blue) and higher (red) functioning PwD
subgroups.

FIGURE 4 | Simple regression model analysis for lower (blue) and higher (red) functioning PwD. Correlation between the aggregate correct engagement scores and
the average ESI assessments.
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Aging and Dementia Symptoms and Types of
Mistakes

barrier and a social distance between those around the PwD
and the PwD. Technological tools such as serious games could
facilitate elimination of barriers, allowing the PwD and their
caregiver to communicate in a more meaningful and positive
way. Technologies for evaluating and exercising emotional and
social capacities are not well-studied in the dementia population
(Goodkind et al., 2015; Dourado et al., 2019; Nazareth, 2019).
The current proof of concept pilot study suggests that
PwD with moderate to severe dementia can engage with our
novel tablet-based SG4D “MBW” and found it accessible and
acceptable. This was demonstrated by the observed enthusiasm
and participation of PwD with the game system, and by specific
data collected by the researchers and tablet that document BarOn’s markers of emotional and social intelligence (Bar-On and
Parker, 2000).
Data collected in our pilot study hints that PwD may be able
to recognize emotions in the characters on the screens of the
SG4D, and react and express their own emotions. They even
expressed empathy toward characters in the game. They were
able to respond appropriately to social interactions and initiate
interactions with both the objects on the screen and the research
assistants. These are emotive and social capacities that have not
been studied in PwD, especially with moderate and advanced
dementia (MoCA scores as low as 4). In fact, there is still a
paucity of research on emotional and social intelligence in PwD,
and how it can be used to improve interactions with caregivers
(Calabria et al., 2009). The current study suggests that the use
of a serious game designed with the unique needs of a PwD in
mind can facilitate expression of emotions and thus open doors
for communication for PwD and their caregivers.
Our preliminary findings also suggest that emotional and
cognitive abilities may not be similarly affected by dementia.
Cognitive abilities, as assessed by the (routinely used) MoCA test
were not found to have an effect on PwD’s emotional and social
intelligence assessments by research assistants, even though
cognitive scores significantly affected accuracy of performance in
the game. These results relate to Fujii et al.’ (2014a) assertion that
cognitive and emotional functions are independently affected
in dementia. Our results further highlight their suggestion
that assessment of both cognitive and ESI should be taken
into consideration when testing PwD. Taken together, findings
indicate that remaining ESI skills in dementia may be used as
scaffoldings to improve functioning. Technology may play a role
in improving these remaining capacities.
Finally, it seems that the use of a touch-screen, tabletmediated, serious game can exercise ESI capacities that may be
relatively preserved but typically remain hidden in dementia. As
well, such a SG4D, may be used as a more accurate tool to assess
reserved cognitive functioning since it is done when the PwD
is relaxed, playful and even laughing, rather than stressed and
threatened by a formal cognitive battery. As Plato said “You can
discover more about a person in an hour of play than in a year
of observation.”
More research should be done to better understand how
to maintain, exercise and utilize remaining ESI capacities in
dementia and to explore further technologies in various settings.
We hope to be able to do this in the process of moving to
TRL6-7 (prototype demonstration) and indeed in turn eight

Symptoms of dementia appear to cause difficulties for the PwD
when playing the SG4D. Some issues that arose were related
to disorientation, distractions in their surroundings, stress,
and slow speed of processing related to figuring out answers
and implementing them by dragging on the screen. Motor
impairments, such as physical rigidity, poor fine motor skills and
sleepiness, were also mentioned as a factor. The types of mistakes
mentioned by research assistants were related to mental rigidity
(i.e., mentally stuck on the previous screen), apraxia (inability to
initiate drag movement), poor spatial orientation (i.e., dragging
in wrong direction), disinhibition (i.e., circling aimlessly on
the screen), and impaired abstraction (i.e., understanding
instructions literally).

Learning Techniques and Signs of Learning
The research assistants were also clear in their reports on
demonstrated learning by PwD. They also reported that in 89%
of the game plays participants appeared to enjoy playing the
game. Some were even able to anticipate the instructions to the
game, after practice. Observations indicated the use of various
learning techniques in order to complete the game. Some of
the PwD used the trial and error method. It was sometimes
evident that they used a self-correcting mechanism when they felt
that their first attempt was incorrect. Others asked the research
assistants for help with specific tasks, or with their general
confusion. Some reread the instructions out loud or to themselves
and consciously contemplated the instructions. For example,
sometimes they counted out loud to keep track of what they
were doing.

Emotional and Social Intelligence
In our grounded theory analysis of the research assistants’
written observations of the PwD playing the SG4D, and their
quotes, we found the following 9 sub-components of the Bar-On
Model of ESI, as divided to three categories: (1) Intrapersonal:
self-regard, emotional self-awareness, assertiveness, selfactualization; (2) Interpersonal: Empathy, social responsibility,
interpersonal relationship; and (3) Adaptability: Reality testing,
Problem solving. Table 3 shows selected quotes as examples
demonstrating each sub-component: (words in italics are to
explain the context to the reader).
In sum, the qualitative analysis suggests that PwD
encountered difficulties related to dementia in playing the
game. However, they demonstrated the ability to overcome
these difficulties, to learn new techniques and to interact in a
meaningful emotional and social way with the research assistants.

DISCUSSION
The world of people with dementia (PwD), as well as their
family and caregivers, is filled with isolation. This is due both
to the neurodegenerative aspects of the disease, as well as the
challenges caregivers face on how best to communicate with
a PwD. The disease makes it hard for the PwD to interact
with their surroundings and social settings. Social exchange and
communication become difficult. This, in turn, creates a social
Frontiers in Computer Science | www.frontiersin.org
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and ESI may improve functioning and quality of life. Despite
declines in cognitive abilities, our two studies may indicate
that PwD can interact with a tablet SG4D using social and
communication capacities. Using SG4D with PwD in order to
help them exercise and maintain social skills is an area that may
be promising in the future and may help counter the negative
effects of social isolation and loneliness. Such games may also
have an impact on cognitive functioning and even on improving
the quality of life for both PwD and their caregivers by facilitating
communication. Further research should explore whether SG4D
may be used as evaluation for reserved cognitive, and ESI abilities
on one hand, and as a gauge for functional capacities that could
possibly be improved with training, on the other. More research
is needed in this area with larger sample sizes.

and nine (operational system) which will define in detail our
planned public use cases. Our aim is to expand the use to all of
MELABEV’s daycare centers, other daycare centers in Israel and
other countries, as well as home use for the client with his/her
personal aid. Use cases of the system can vary greatly between
daycare center and home use deployment. While deploying the
system in a daycare center aids the accompanying research, we
believe that many other aspects of use and user interaction with
the game system can be contrived and observed from analysis
of home use, see suggestions for adaptation of paradigms to
remote acess, given COVID-19 social restrictions, in Ben-David
et al. (2020). Our aim is to further investigate use cases in the
future, using even more advanced analytics. Indeed, a publicly
available App will serve a greater therapeutic purpose for a larger
population, than focusing on daycare center deployment.
We believe that remaining ESI capacities might even be
used to improve, or at least slow the deterioration of, cognitive
abilities, functionality and communication between the PwD and
their caregivers and families. Further research in this area may
impact on the quality of life of PwD and their caregivers.
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CONCLUSION
An earlier research from our team (Tziraki et al., 2017)
documented that the use of a serious game, designed with the
input from unique needs of a PwD in mind, is acceptable
accessible and engaging for people with moderate and advanced
dementia. We also found the serious game may be helpful
in improving cognitive function, such as speed of processing.
The current study focused on assessing how and if PwD can
interact in a meaningful emotional and social manner with a
technology-based serious game, and whether playing the game
will be accompanied by meaningful interactions with caregivers
present. Our preliminary results suggest that the use of a serious
game can facilitate the expression of ESI capacities that typically
remain hidden in dementia. We further suggest that the serious
game developed for this specific aim, SG4D “MBW,” may be
able to facilitate the stimulation of these capacities in ways that
caregivers can also recognize and thus contribute to improved
social connectivity.
There is yet no drug to stop the cognitive decline associated
with dementia, thus we suggest that interventions related to PwD
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