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Abstract: Ageing population poses new social, technological, and research challenges. It is anticipated
that, by 2080, Poland will be in the group of counties that will have one-third of their population aged
over 65. Different strategies aim at dealing with the mentioned demographic challenge, including
widespread use of humanoids in the care of older people. As this research was the first of its kind
in Poland, this article aims to identify the perceived key benefits that could shape positive attitudes
toward humanoids in the care of older people. Based on the specific attributes of a humanoid
technology, the model hypothesizes that an attitude toward a technology can be directly shaped
by four kinds of perceived benefits, namely an impact on the quality of life, functional aspects,
ethical problems, and a social impact. Also, a theoretical model assumes that a user attitude
toward a humanoid technology is predicted to have an indirect influence on the future intended
use. A survey method was used to collect research data. An electronic questionnaire was used to
conduct confidential interviews of Polish citizens. All in all, 643 questionnaires were filled. Results
received using structural equation modeling confirmed that the most important factor shaping human
attitudes was a perceived social impact received from the use of humanoids in the care of the lonely
people and making life more enjoyable for the elderly. Results also confirmed that men had a more
positive attitude toward humanoids than women. Among different age groups of respondents,
people between 2640 years of age had the most relatively positive attitude toward humanoids.

Keywords: humanoids; robots; ageing population; elderly; attitude; future intention

1. Introduction

Globally, a systematic decrease in the numbers of retired active working-age people was observed
for more than twenty years. On 1 January 2017, the world population amounted to 7.55 billion [1], and
that of the European Union (EU) was 511.8 million [2]. Young people (0-14 years of age) constituted
25.92% of the world population and amounted to 15.6% in Europe. Persons considered to be of working
age (15-64) accounted for 65.38% of the world population, and 65.00% of the EU population. On the
other hand, the share of older adults (aged 65 and over) reached 8.70% globally and 19.40% in the EU,
showing an increase of 0.3% compared to the previous year and a growth of 2.5% compared to the
figure 10 years ago. With 33.37% of people aged 65 and over in the total population, Japan is in the
lead globally. In the EU, Italy (22.0%), Greece (21.3%), and Germany (21.1%) are in the lead, while
Ireland’s number of older adults is the smallest (13.2%). In Poland, young people account for 15.1% of
the total population, while those aged 15-64 amount to 68.3%. In 2017, the Poles aged 65 and over
totaled 16.5%, which was 0.5% more than in 2016.

Ageing of the society is confirmed by the increase in the number of the post-productive age
people and the decline in the number of the pre-working age people. The ageing population is a
global phenomenon, which seems to be one of the most important challenges facing the entire world,
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including the European Union and Poland [3]. The main reasons for this phenomenon include a steady
increase in the life expectancy and low rates of natural increase in most European countries. The rate
of natural increase depends on the numbers of births and deaths. The birth rate gradually decreased
for several years. A decline in the rate of natural increase may be conditioned by different reasons,
including the economic level of a country. Residents of highly developed countries tend to plan their
lives, including families and education, based on financial means. Consequently, they have a more
stable consumer lifestyle. In the opinion of Usman and Tomimoto, marrying late and postponing
family life are among the reasons for the decrease in the number of births [4]. Working women often
fear to lose their job and the lack of flexibility because of a child [5]. Economic insecurity [6] is yet
another important reason. Also, ageing of the population depends on longer life expectancy, aided by
better healthcare standards, health promotion, increased wealth, and industrialization. According to
Nayu et al. and Reicha et al. the introduction of universal health insurance in 1961 had a significant
impact on the reduction of deaths in Japan, providing access to a wide range of health services for
the entire population [7,8]. In addition to the factors above, the phenomenon of a population is also
affected by such aspects as a high level of wealth, a level of social protection, the proposed family
model, and the level of education. This process is universal, unavoidable, and irreversible from the
perspective of at least three or four generations. It is estimated that, in 2030, there will be as many
as three people of retirement age for every four people of working age. According to the population
forecast prepared by the United Nations for 2050, people aged over 65 will represent 15.82% of the
population in the world and 27.85% in Europe (Table 1). Japan will continue to be in the lead with
36.37%. By 2080, the population aged over 65 will account for 20.05% globally, and 28.68% in Europe.
In the case of Poland, it is forecasted that, in 2050, people aged over 65 will make up 31.64% of the
population. This number is expected to grow by 3.61% in 2080 (35.25%).

Table 1. Population by age group (in percentages) (Source: [1]).

2030 2050 2080
0-14 15-64 65+ 0-14 15-64 65+ 0-14 15-64 65+

World 23.68 64.66 11.66 21.31 62.86 15.82 18.97 60.98 20.05
Europe 15.15 61.77 23.08 14.99 57.16 27.85 15.10 56.23 28.68
Japan 12.21 57.49 30.30 12.55 51.07 36.37 13.32 51.48 35.20
Poland 15.40 18.40 23.20 12.20 56.16 31.64 12.78 51.97 35.25

Predictions related to the age structure of the population entail certain challenges for the global
and the Polish economies of the population means greater healthcare spending, which has a direct
impact on the public finance system. Also, the additional financial burden comes from the care of the
older people. This can create a strain for public services such as the National Health Service, especially
having in mind the decline in the number of working-age people. The following negative economic
effects are frequently mentioned [9-12]: the reduction of capital investments due to higher retirement
savings; the lack of employees; chronic and degenerative diseases; higher taxes; and the growing
government spending on healthcare and pensions.

However, the positive side and opportunities created by changes in the age structure should not
be undermined. Longer and healthier lives mean an extended working age, as well as a variety of
new possibilities and services. Positive effects of an population include [13-15] (1) more employment
opportunities at nursing homes and centers as a companion or an employee, (2) more homes and
apartments for seniors, (3) younger pensioners helping with child care to relieve parents of the duty,
allowing them to work creating greater economic and social benefits, (4) reduced crime as older people
are more law-abiding, (5) volunteering or special advisory skills offered by older people who have
free time and energy, (6) the knowledge and experience of older employees that can be used by some
companies, and (7) fewer children in classes, ensuring better education. The effects of increasing life
expectancy and an ageing population generate burdens for the economy. It is important, however, to
improve the well-being of the society, as well as meet the needs of older people and use their potential.
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Nevertheless, it should be remembered that the increase in the number of older adults is also associated
with the need to provide them with institutional support in the form of care, especially in the case of a
low level of independence [16]. The increasing life expectancy and ageing will also stimulate changes
in a family model. A significant part of the elderly will live separately, often away from their family,
and depend on themselves. Lonely people will need full geriatric care offered at home and nursing
homes [17]. Several researchers focused on exploring new methods to improve the quality of life of
older adults by allowing them to remain independent and healthy to the maximum possible extent.
One of the fields aiming to find answers to the challenges of population ageing is gerontechnology—an
interdisciplinary field of scientific research that uses technology for the aspirations and opportunities of
older people. Humanoids—robots equipped with artificial intelligence and resembling humans—will
be one of the technologies supporting older people [18] in the future [19]. Robots were proposed as
a form of assistive device that can help bridge the widening gap between the demand and supply
of healthcare services [20]. The expected growth in the share of the older population motivated
researchers to design innovative solutions, including robots in the field of elderly care [21].

The use of modern technologies in everyday life depends on social, psychological, technological,
and economic factors [22,23]. Each technology should be implemented in a sustainable way which
means acceptance of the technology by society [24]. Among the social factors, demographic (age,
education, and sex) and cultural (preparedness to innovations and trust in technology) characteristics
will determine the social acceptance of solutions and the success of implementing new technologies [25].

Considering the current examples of the use of robots in the care of the older people (in Japan,
the United States, France, and Germany) and the growing interest in this technology, this research
focused on identifying the willingness to accept this important and desired solution. Poland and other
countries that have a growing number of older adults need solutions that would help older adults in
the future.

Results of a Eurobarometer survey showed that, throughout the EU, the care of older adults tops
the list of areas where the use of robots should be banned. In 24 member states, absolute majorities of
respondents held this view. Portugal (35%), Bulgaria (40%), and Malta (49%) were the only exceptions. The
public opinion was most emphatic in Cyprus (85%), followed by Luxembourg (78%). Bulgaria and Poland
were the only member states with less than three-quarters feeling uncomfortable about a robot minding
their parents. However, more than nine out of ten respondents had the same feeling in Luxembourg
(96%), France (95%), Germany and Sweden (93% each), and Cyprus and Slovenia (92% each) [26].

Frequently, socially assistive robotics is introduced as one of the solutions that could mitigate
challenges created by the population ageing. On the other hand, these technologies are still at an
early developmental stage and are not yet available on the mass market. Consequently, all research
regarding the acceptance of robots should be useful to designers and help make solutions more useful,
cheaper, and accepted by the society [27].

The decreasing number of formal and informal caregivers who provide support to older adults is
a pressing issue. Many researchers are concerned with possible ways for the society to deal with the
healthcare and social needs of population ageing [28].

Different types of technology, such as humanoids and socially assistive robots, could be one of
the possible solutions for ageing populations. Many societies consider the evolution of robotics as a
promising development that could help address the challenges of aged care [29]. However, continuous
research efforts should be made to study the social acceptance and the ability to adapt to the new form
of relationships.

The literature review indicated that robots could improve the quality of life of older people. Until
now, no studies were carried out in Poland to determine the readiness of the Polish people to use
robots in the future care of older adults and establish factors that could influence the use. This article
aimed to identify the perceived key benefits that could shape positive attitudes toward humanoids
used in the care of older people and the future intention to use such technology. The authors built
a theoretical model that includes six variables: an impact on the quality of life, a functional aspect,
ethical problems and the social impact, a user attitude toward a humanoid, and the future intention to
use the technology. The model was empirically verified using a survey.
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The remainder of the article consists of the following sections: Section 2 reviews the literature on
the issues relating to robots used to improve the quality of life. Also, it gives examples of humanoids
used for the care of older adults. The literature review distinguished two types of research on
humanoids, firstly, related to the general social acceptance and factors determining the wider use of
humanoids in everyday life, and secondly, associated with specific experiments concerning specific
functionalities of robots in a group of people (children or older adults). Results of the literature review
served as a basis for the formulation of hypotheses and the theoretical model presented in Section 3.
Section 4 describes the methodology. Results are described in Section 5. Finally, Section 6 summarizes
the findings and, the conclusions briefly explain the limitations of the research and implications for
future research efforts. The main targets and functions of robots identified on the basis of the literature
review served as the basis for the questionnaire regarding the technology assessment in terms of social
and functional aspects, as well as the possible impact on the quality of life. Also, it served as the basis
for the model determining the attitude pertaining to the use of humanoids.

2. Examples of Robots Used to Improve the Quality of Life

The conducted literature review allowed distinguishing between two types of research areas related
to the acceptance of technology such as humanoids. One type is associated with specific experiments in
a certain group of people (children or older adults) concerning specific functionalities of robots, and
the second type is related to the general social acceptance and factors determining the wider use of
humanoids in everyday life by society in general and older people in particular. It is widely known that
widespread use of humanoids in the aged care will largely depend on the social acceptance of the new
solution [21].

The first research area is related to the functionality of robots and contains a subject of research.
Robots have a great potential to aid independence and improve health outcomes for older people,
as well as relieve the burden for caretakers. The task of the robots is to help older adults to live
and function independently to the fullest possible extent. Robots can be used by older people to lift,
capture, or move items, be reminded about taking medications, recognize health issues and assess
the situation, monitor and motivate walking, and meet social needs through interaction. Broekens
et al. distinguished between two types of robots that facilitate the functioning of older adults [30]:
robots used as workers for rehabilitation and robots used as social workers. Rehabilitation robots
are mostly used for physical assistive technology features. They are not intended for communication
with older adults; thus, they are not treated as social entities. Examples of such robots are smart
wheelchairs [31], artificial limbs [32], lifting and walking robots, robotic beds [33], active orthoses [34],
and exoskeletons [35]. In turn, social robots can be divided into service and associated workers.
Service workers are used for handling the basic tasks of independent living, such as eating and
bathing, mobility and navigation, nutrition advice, or health monitoring. Companion workers focus
on improving the health and mental well-being of older adults. Often, however, social robots can be
programmed to simultaneously perform activities providing support in the life of an older person
(serve as service robots) and, at the same time, provide some company (serve as auxiliary robots).
According to Kate Darling, a social robot is a materially incarnate, autonomous actor that communicates
and interacts with a human on an emotional level. In addition, social robots follow the principles of
social behavior, have diverse “states of mind”, and adapt to what they learn through interaction [36].
Social robots mostly resemble people (humanoid), dolls/toys (doll robot), or animals (animaloids
and zoomorphic robots). Their character is of fundamental importance because the function of social
robots is to interact with people on the emotional level, and this type of interaction is based on visual
and tactile perception, in addition to verbal communication [37]. Table 2 presents the most important
information regarding the selected robots, including the basic features of robots and the key purpose
of their use. Four kinds of benefits connected with the use of robots were distinguished, namely the
impact on the quality of life (QL), the social impact (S), functional aspects (F), and ethical problems (E).
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Table 2. Examples of robots and their functionality.

The Name of the Robot, Producer/Country

Basic Features of the Robot

Basic Aims of Using the Robot

ANIMALOIDS, ZOOMORPHIC ROBOTS

Aibo Sony/Japan

looks like a dog; potentially enhances the quality of life of older people
and people with disabilities by playing with them; eliminates stress felt by
older people [38]

(1) pleasantly spent time by older people (S+E)
(2) the use of robots is easy and intuitive (F)

NeCoRo Omron Corporation/Japan

looks like a cat, soft to touch; responds to movement and emotions of
older people; responds to human movements and emotions; has feelings
and desires, and a personality that adjusts to its owner; remembers and
acknowledges its name when called; synthetic fur gives it a feline
appearance, so it feels natural to treat it like a cat, stroking and hugging it;
helps improve the communication among older people and makes the
environment calmer, easier, gentler, and more comfortable [39]

(1) the use of robots improves the comfort of older people (QL)
(2) the use of robots is easy and intuitive (F)

(3) the ability to interact or communicate (F)

(4) an innovative solution that is in demand (F)

DOLL ROBOT

Babyloid Chukyo U./Japan

A baby-type robot designed for caretaking of an older person requiring
nursing care; can cry and blush, has unpredictable behavior, making an
older person less depressed; designed to help ease depression among
older adults by offering them companionship [39]

(1) pleasantly spent time by older people (S)
(2) the use of robots is easy and intuitive (F)

HUMANOID ROBOT

PaPeRo NEC/United States

used for communication; recognizes speech and speech synthesis;
recognizes faces; responds to touch; can understand several people talking
to it at the same time, can search the internet to find answers to questions
asked; is used to improve the well-being of older adults [40]

will take over some of the home duties of older adults; recognizes moving
people and their faces; can follow the movements of people; comes when

(1) the use of robots can improve the comfort of older people (QL)
(2) the use of robots is easy and intuitive (F)

(3) the ability to interact or communicate (F)

(4) an innovative solution that is in demand (F)

(5) the use of robots will bring measurable social benefits (S)

ASIMO Honda/Japan called and can recognize dozens of phrases; can also recognize voices and  (6) robots do not pose a threat to interpersonal relations (S+E)
respond to specific instructions; ensures greater independence of an older  (7) pleasantly spent time by older people (S)
adult [41]
a robot that helps older people with their daily routines; reminds older
Pearl CMU United States people about their daily activities such as eating, drinking, taking (1) the use of robots will improve the quality of the existing care system for older

medicine, or using the bathroom; helps older people navigate their
environments [42]

Twendy-One Waseda U./Japan

can carry out limited conversations and uses the built-in camera to locate
the indicated objects; can say hello, bring breakfast on a tray, wish one a
tasty meal; can help one get out of bed and give a dress or a cane [43]

Pepper Aldebaran Robotics/France

can recognize older people and is able to have a conversation with them;
can react to emotions; moves and lives autonomously; can react to moods,
using intuitive interfaces like voice, touch, and emotions; used to provide
company to older people, but also to motivate them to walk; provides
assistance while walking [21]

people (QL)

(2) source of additional benefits for users: 24-h care, a sense of security (QL)

(3) the use of robots will bring tangible benefits to human health and the quality of
human life (QL)

(4) robots can perform difficult tasks, i.e., lift people or help them move (F);

(5) the ability to remind older people to take their medication (F)

(6) the ability to inform family members about the health status of older people (F);
(7) call for help on behalf of older people (F)

(8) the use of robots will improve the safety of older people (S)

(9) special importance in the care of lonely people (S+E)

Legend: S—a social aspect; T—a functional aspect; E—ethical problems, QL—the quality of life.
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Research on robots concerns both the anthropomorphic features of robots and the expression of
realistic behavior by robots. Lazzeri et al. concentrated on the research of facial expressions performed
by robot Eva because facial expressions convey emotional information that allows people to get
involved in social interactions [44].

The second research area is connected with a level of social acceptance and awareness of robot
functionality in daily life. All technology should be implemented sustainably. It is important to initially
understand the motivations of older individuals to accept or reject a new technology [21]. Therefore,
an increased understanding of factors predicting perceptions of a technology attributes can potentially
facilitate the widespread implementation of the technology [45].

Authors Baganzi and Lau stated that factors affecting the sustainable adoption of a technology
remain largely unknown. The sustainable adoption of a technology requires research that explains trust
and risk perceptions held by society [46]. Sustainable adoption of a technology means the ability of
the technology to improve social and economic development by providing access to applications
addressing social challenges faced by vulnerable people, as well as enabling innovations [47].
According to a report by the Global System for Mobile Association (GSMA), a newly adopted
technology should build societies that are environmentally sustainable [48]. The sustainable
implementation of a technology requires identifying factors that determine this process [49].

The research conducted by Syrdal et al. aimed to identify cross-cultural attitudes toward
humanoid robots in Japan and Western countries [50]. The authors tried to answer the following
question: “How would people of Japan and Western countries react to the possible use of and daily
encounter with humanoid robots?” The researchers used the Frankenstein syndrome questionnaire
containing variables that reflect negative and positive attitudes of potential users, principle objections,
trust in humanoids, and interpersonal fears.

Positive attitudes were connected to certain facts perceived by potential users, such as the ability
of humanoids to make people’s lives easier, perform dangerous tasks, and be especially useful in
teaching or caring of the older adults or people with disabilities. Negative attitudes were reflected by
statements maintaining that widespread use of humanoid robots would take away jobs from people,
have considerable maintenance costs, and could cause distress. Principle objections were connected
with the fear that, in the future, society would be dominated by humanoid robots and a perceived
threat that the development of humanoid robots was blasphemy against nature. With regards to trust,
respondents believed that people and organizations that develop humanoid robots could be trusted
and seemed sincere. Interpersonal fears reflected concerns that humanoid robots would encourage
less interaction between humans; therefore, interaction with humanoid robots could sometimes lead to
problems in relationships between people [50].

According to Broadbent et al., a key condition that helps increase the acceptance of healthcare
robots is a proper assessment of human needs in the attempt to match them with the robot’s role,
appearance, and behavior [20]. Authors distinguished between two groups of factors that determine
the successful development and implementation of healthcare robots. The first group of factors
was connected with individual features of users, such as age, needs, gender, cognitive ability,
education level, experience, and culture. The second group of factors referred to robot features
and included appearance (humanness and facial characteristics), size, gender, ergonomics, role, and
“personality” [20]. Research results in the field of social psychology allowed the classification of factors
into three groups: organizational, technological, and individual. The authors also pointed out the
expectations of potential users with respect to robots as another important research area. The quality
of interaction between humans and robots depends on the ability to answer user expectations [20].

A literature review by Deligianis et al. indicated that the ability to generate and maintain trust is
of paramount importance to human-robot interaction [51]. In this type of relationship, trust depends
on three main factors, namely a human, a robot, and an environment [52]. According to the literature
review, human-robot interaction is also affected by (i) human-specific features that include national
or cultural identity, age, expertise, and attentional load; (ii) environmental factors that relate to the
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situation or task at hand, including task load; and (iii) robot-specific features, such as task type,
proximity to a robot, and robotic “attributes”, e.g., the robot’s appearance. Reliability and predictability
of a robot seem to be the main performance-related factors that determine trust in human-robot
interaction [51].

Heerink et al. researched factors that influence the future intention to use assistive social
robots [53]. Apart from variables related to functional evaluation, such as perceived usefulness
and perceived ease of use, the authors also considered variables that relate to social interaction. Based
on the unified theory of acceptance and use of technology (UTAUT), authors explained the relationship
between an attitude and an intention to use a robot. They proved that future intention is predicted by
an attitude.

Torta et al. proved that people perceived robots more as companions and social actors rather than
tools, and this was likely to steer user acceptance in a positive direction [54].

Literature studies confirmed the existing research interest in attitudes and factors that determine
these attitudes in the context of the use of humanoids in the care of older adults. The future use of
humanoids in the care of older adults will depend on the attitudes of users, which can be shaped
in advance.

Identified theoretical, as well as practical, problems pose the following research questions: What
perceived benefits related to the use of humanoids for the care of older adults determine attitudes of
the Polish society toward humanoids? Do these attitudes determine the future intention of the Polish
people to use humanoids?

3. Research Model and Hypotheses

The current and future technologic development depends on two basic factors: the development
of technology determined by the level of technological knowledge and the acceptance of the technology
by society. Authors of the book Technolife 2035: How Will Technology Change our Future? captured the
process of new technology adoption through the prism of the diffusion of innovations theory [55].
According to the theory, firstly, a person becomes aware of a new technology (awareness), and
this knowledge forms the basis of interest in this field (interest). Next, the person seeks additional
information about the technology aiming to assess it. The following technology assessment process is
based on available data obtained during the stage of interest. The assessment takes place prior to an
attempt to use the technology, and it ultimately leads to its adoption.

Many theoretical models were developed to explain the processes related to the technology
acceptance. The most popular is the technology acceptance model (TAM), developed in 1985 by Davis
as a result of his doctoral dissertation prepared at the Massachusetts Institute of Technology (MIT)
Sloan School of Management [56,57]. The model developed by Davis was based on the assumptions of
the theory of reasoned action (TRA) developed by Ajzen and Fishbein [58]. According to TRA, the
extent to which a technological solution is used depends on intentions, which, in turn, depend on user
attitudes and subjective norms. According to the technology acceptance model, two variables—the
ease of use and the usefulness of a system/technology—have a significant impact on user intentions
without shaping attitudes (understood as a positive or negative feeling toward something) [59].
However, considering a different level of technology awareness, a user attitude toward a technology,
and especially the one that raises social concerns will have a significant impact on the future intentions
to use the technology. The conducted literature review resulted in a multitude of factors that determine
the attitude and the future intention to use a humanoid for the care of older adults. Hudson et al.
stated a limited amount of studies regarding the attitudes toward robots in general and particularly
the ones used in the care of older adults [60]. Clearly, a robot can only find its place among humans if
it meets actual user needs [61].

Considering the level of the use of robots in everyday life, as well as a relatively low level of
robotics in Poland, it seems important to identify factors that determine the social acceptance of robots.
While Japan, the United States, and Germany engage in advanced experiments on the use of specific
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robots and their functionalities from the perspective of a user, Poland still needs to research the area
related to the building of social awareness regarding such advanced technologies.

As humanoids are an emerging technology with relatively few application examples, it might
be difficult for users to accurately estimate the ease or difficulty of “use”, as well as its usefulness.
Rapid introduction of new technologies made it more difficult to predict behaviors of end users.
Consequently, the perceived usefulness and the ease of use may not fully explain user motives or
attitudes [62]. A more holistic and integrated approach was recently suggested based on existing
theories and empirical evidence [45]. Most technology acceptance studies focus on a limited set of
factors that can influence the acceptance. However, none of them offer a comprehensive framework
that includes key factors influencing technology acceptance. Many authors incorporated variables
for the environment and market conditions into the original TAM. They also studied the effects of
environmental factors, market conditions, and network externalities on consumer technology adoption
behavior [63]. Considering the above, the authors considered two basic variables from the original
TAM, namely the attitude and the future intention to use the technology. The model proposed by
the authors focused on social and psychological factors that have a positive or negative impact on
attitudes (acceptability) and intentions. Based on the specific attributes of the humanoid technology,
the model hypothesizes that attitudes would be directly predicted by four perceived attributes, namely
an impact on the quality of life, a technological impact, ethical issues, and social problems. Meanwhile,
a user attitude toward humanoids is predicted to have an indirect influence on the future intention to
use the technology (Figure 1).

Based on psychological theories and findings from technology acceptance studies [64], this paper
proposes a technology acceptance framework to understand the acceptance of new energy technologies
by citizens and consumers.

Mitzner et al. underline the importance of convincing older adults of the advantages offered by
new technologies [65]. The benefits perceived by the respondents concerned technological aspects,
social aspects (communication), safety and credibility, and improvement of the quality of life. Studies
confirmed that, for older people, perceived benefits were more important than the costs associated
with the purchase and use of the technology. Therefore, this research did not address the financial
aspects related to the use of robots in the care of older adults.

Heerink included moderating factors in his empirical model and argued that future research on
robots should use a complete inventory comprising various influence factors [66].

Studies conducted by Flandorfer indicated the factors determining the acceptance of assistive
robots by older adults [27]. Analyzed variables included socio-demographic and technological factors,
as well as factors related to ethical aspects or reflecting the functions of a technology in the improvement
of the quality of life. Mynatt and Rogers stated that technology can maximize independence for older
adults, and this can increase the perception of the quality of life [67]. Such technology can assist with
daily activities and medical care, thus limiting the need to use family members and professional nurses.
Arras and Cerqui also stated that robots would make older adults more independent and improve
their quality of life [68].

Considering the above, the authors formulated the following hypothesis:

Hypothesis 1 (H1). The impact on the quality of life has a strong and positive influence on an attitude toward
the use of humanoids.

The adoption of new technologies depends on the functionalities perceived by potential users.
A technology must be simple and easy to use, as well as have desired functionality and expected
benefits. Van Dijk discovered that, in the case of older adults, the acceptance level and the motivation
to use technological devices rise depending on the convenience and usefulness of the devices [69].
Scopelliti et al. confirmed that the perceived level of complexity of a robot and the service it provides
are particularly important for older adults. The older the respondents were, the greater the number



Sustainability 2018, 10, 3770 9 of 24

of them that believed that devices were far too complicated [70]. Functionality is another important
technological aspect. Ezer et al. found that acceptance was also influenced by the perceived advantages
offered by robots [71]. The less useful a robot seemed to be, the less likely it would be accepted in
the home of an older adult. Cortellessa et al. noted that, compared to people living on their own,
older adults living with a partner found robots more useful for personal safety or reminding of daily
activities (e.g., taking medications) [72]. Access to health information provided by a robot was an
especially frequently indicated humanoid functionality. According to Draper et al., older people rarely
objected to the robot-assisted provision of health information to healthcare professionals [73].

Considering the importance of the technical functionality of robots in the context of their
acceptance by older adults, the following hypothesis was formulated:

Hypothesis 2 (H2). Functional aspects have a strong and positive influence on an attitude toward the use
of humanoids.

Solis and Takanishi introduced the term “roboethics” to reflect research on potentialities and
limitations of robots in relation to human beings [74]. According to Plas et al., social and ethical
issues of robot development seem to be in their infancy; however, the interest in the topic is growing
rapidly [75]. From the ethical point of view, the introduction of social robots into society can alter
human understanding and human relations [76].

In addition to ethical issues, researchers focused on the problem of robot autonomy. Scopelliti et al.
indicated that older adults preferred robots with limited autonomy due to perceived greater safety [70].
It was explored how potential stakeholders (older adults, as well as informal and formal caregivers)
would resolve ethical conflicts related to the use of a social robot in the household of an older
adult. Users were not convinced that a robot could autonomously and effectively encourage
independence-promoting behavior. With regards to healthcare information, stakeholders were
concerned with privacy issues [73].

The following hypothesis was formulated in the context of the link between ethical issues
and attitudes:

Hypothesis 3 (H3). Perceived ethical problems have a strong and positive influence on an attitude toward the
use of humanoids.

From the points of view of application and research, the relationship between robots and humans
needs to be explored in greater depth to ensure successful integration.

Plas et al. studied two respondent groups—robot experts and designated users—who strongly
supported the vision that patients should lead a life as independently as possible [75]. Both groups
agreed that interpersonal relationships should remain among a caretaker’s functions and should
not be given over to robots. Authors summarized that humans should always be in control of
robots. In the context of social impact, Scopelliti et al. noted that older adults were worried about
a pleasant integration of robots into the socio-physical environment of their home [70]. Arras and
Cerqui found that the majority of older adults did not think that robotics could contribute to their
personal happiness [68]. All respondents of a study conducted by Draper et al. felt that human-human
interaction should not be replaced by robots [73].

Taking the above into consideration, the following hypothesis was formulated:

Hypothesis 4 (H4). The social impact has a strong and positive influence on an attitude toward the use
of humanoids.

According to the theory of reasoned action (TRA) developed by Ajzen and Fishbein [58],
attitudes create the intended behavior. Giger and Pigarra [77] underlined the role of attitudes toward
working with social robots in the development of the intention to work with them in the near future.
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Similar results were achieved by Chen and Huang who confirmed that the intention to use assistant
domestic robots was predicted by social attitude toward the technology [78]. This gave rise to the
following hypothesis:

Hypothesis 5 (H5). The attitude toward the use of humanoids has a strong and positive impact on the future
intention to use humanoids.

Also, the empirical verification concerned a hypothesis indicating the link between the attitude
toward humanoids and the age and gender of respondents.

With regards to age, stereotypes suggested that older adults were unwilling, unable, or afraid to
use technological devices. In general, older age had a negative impact on the willingness of people
to use robots; however, this depended on the context [20]. Large-scale studies regarding the use of
technologies highlighted that older adults did not use technologies to the same extent as younger
persons. Mitzner et al. confirmed that older adults reported more positive than negative attitudes
about the technologies they used, and these results contradicted the stereotype regarding the fear or
unwillingness of older adults to use technologies [65]. Czaja et al. investigated factors that predicted
the use of technology. They found that, compared to younger adults, older adults were less likely to
use computers, the internet, and other technologies [79]. Scopelliti et al. demonstrated the inexistence
of significant differences between age groups and attitudes toward robots [70]. According to Arras
and Cerqui, the attitude of people toward the use of technologies in their everyday life depends on
the context [68]. When asked to imagine their daily life with a robot, some young people declared a
positive attitude. Also, a growing tendency was noticed among older adults having a positive attitude
toward the use of robots to ensure greater independence. Consequently, the following additional
research hypothesis was formulated:

Hypothesis 6 (H6). The attitude toward humanoids is the same across all age groups.

According to many researchers, gender is another factor that impacts on the use and acceptance
of technologies [27]. Sun and Ahang confirmed that men were thought to be more task-oriented and
motivated by the need to achieve specific goals. This has a direct impact on their perceived usefulness
of a technology [80]. Accordingly, the following hypothesis was formulated:

Hypothesis 7 (H7). The attitude toward humanoids is the same across all gender groups.

Figure 1 presents the conceptual model that reflects links between all theoretical variables.
In the proposed model, individual variables mean the following:

e the impact on the quality of life reflects the impact of the use of humanoids on the quality of life,
the comfort of life, and the quality of the care system for older adults;

e the functional aspects reflect tasks performed by humanoids used by people and the usefulness of
the technology;

e  perceived ethical problems reflect a dilemma connected with a possibility to feel threatened in the
presence of a robot;

e attitudes are understood as a positive or negative feeling toward something;

o the future intended use reflects the willingness to use the technology by potential users.
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Figure 1. Conceptual model.

4. Research Methodology

4.1. Data

The conducted research focused on humanoids used in the care of older adults. A survey method
was used to collect research data. An electronic questionnaire was used to conduct confidential
interviews; it was distributed between April and May 2018. An invitation to participate in the research
was disseminated using various social media and the “snowball” technique.

The electronic questionnaire targeted the Polish society. The number of returned questionnaires
amounted to 643; 373 (58.0%) forms were filled by women and 270 (42.0%) forms were filled by men.
Respondents aged 18-25 amounted to 32.7% (210 persons), 25.8% (166 persons) were 41-60, 24.9%
(160 persons) were 26—40, and 16.4% (107 persons) were over 60.

4.2. Measures

Since some constructs included in the theoretical model could not be directly observed, a series
of measures was used in each case. All constructs were measured using a seven-point Likert scale
to access the degree to which a respondent agreed or disagreed with each of the items (1 = totally
disagree; 7 = totally agree).

The measurement variables adopted on the basis of the literature describing particular constructs
were subject to confirmatory factor analysis (CFA), the aim of which was to verify and confirm the
structure of the adopted factor. CFA was used for four constructs—the impact on the quality of life,
functional aspects, ethical problem, and social aspects—as the input to the attitude construct.

Considering the assumptions made, the analysis focused on linking the observable variables (items
and statements from the questionnaire) to the indicated latent variables (unobservable constructs).
Parameter values were estimated using the generalized least squares (GLS) estimator, which has a
lower sensitivity to normal-distribution assumptions. The evaluation of individual measurement
models resulted in modifications related to the values of standardized residual covariances and
regression coefficients. Variables for which the value of the regression coefficient was lower than
0.6, and for which the standardized residual covariances were greater than 2 were removed from the
original set of observable variables. Table 3 provides the list of variables resulting from the CFA. Table 4
presents descriptive statistics and composite reliability for the attitude and intended use variables.

Cronbach’s alpha coefficients of the constructs were used to verify the reliability of the scale and
proved the acceptable reliability of the scale ranging from 0.724 to 0.912 (Tables 3 and 4).
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Table 3. Reduction of variables after confirmatory factor analysis (CFA).

12 of 24

Constructs and Items

Mean (M)

Factor Loading Before CFA

Factor Loading After CFA

Cronbach’s « Before and After
(in Brackets) CFA

Impact on the Quality of Life

QL1: The use of humanoids in the care of older adults will significantly improve the quality

- 4.70 0.836 0.810
of the existing care system.
QL2: The use of humanoids in the care of older adults will be a source of additional benefits 5.08 0.839 0.858 0.912 (0.898)
(24-h attendance, 24-h care, and a sense of security), which are otherwise unavailable. : . .
QL3: The widespread use of humanoids in the care of older adults will bring measurable 443 0.846 .
benefits to human health and the quality of life. ' ’
QLfl: The use of humanoids in the care of older adults can significantly improve 498 0.884 0.881
their comfort.
Functional Aspects

F1: The use of humanoids should be easy and intuitive. 6.40 0.501 *
F2: Humanoids will be able to perform difficult tasks in the care of an older person (e.g.,
lifting people and helping them move) 557 0-627 0-587

& Peop png : 0.867 (0.890)
F3: An important fea'ture. of a humanoid will be the ability to remind an older person about 6.02 0.863 0.854
the time to take medications.
F4: An important feature of a humanoid will be the ability to interact or communicate. 5.39 0.787 0.824
F5: An important feature of a humanoid will be the ability to inform the family members 5.8 0.854 0.856
about the health condition of the minded older adults. ' ’ ’
F6: An important feature of a humanoid will be the ability to call for help on behalf of an 6.26 0.853 0.884
older person.
F7: The use of a humanoid in the care of older adults is a very innovative solution that is
. 4.52 0.511 *
in demand.

Ethical Problems
E1: Widespread use of humanoids in the care of older adults can cause moral dilemmas and 526 0.354 .
doubts as to whether a humanoid could be entrusted with such care. ’ ’
Sﬁsle"?e use of humanoids in the care of older people may endanger the health or life of 3.67 0.846 0.881 0.702 (0.743)
E3: A humanoid may inadvertently harm an older person. 4.80 0.689 0.631
E4: A humanoid can deliberately harm an older person. 2.77 0.601 0.683
Social Impact

S1: Widespread use of humanoids in the care of older adults will create new jobs. 3.24 0.489 *
S2: -Wldespr-ead use of humanoids in the care of older adults will bring measurable 449 0.817 0.79
social benefits. 0.837 (0.842)
S3: The use of humanoids in the care of older adults will improve the safety of older people. 4.67 0.846 ** ’ ’
S4: Humanoids may pose a threat to interpersonal relationships. 3.14 0.339 *
S5: The use of humanoids in the care of older adults will contribute to a more pleasant time 3.94 0748 0.750
for older people.
S6: The use of humanoids will be of particular importance in the care of the lonely people. 5.08 0.839 0.851

* Variable excluded from further analysis due to having a factor loading below 0.6; ** variable excluded from further analysis due to the standardized residual covariance being greater

than 2.
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Table 4. Descriptive statistics and composite reliability for the attitude and intended use variables.

Cronbach’s « before and after (in

Constructs and Items Mean (M) Brackets) CFA
Attitude

AT1: Ibelieve that being in the presence of a humanoid can be pleasant *** 3.84

AT?2: I believe that I could learn how to use a humanoid if I needed it. 6.21 0.824 (0.724)
AT3: In the presence of a humanoid, I would feel safe. 421 ’ :

AT4: Living with a humanoid could be nice and pleasant in old age. 3.87

Future Intended Use

IN1: Would you be willing to use the help of a humanoid in the care of a 333

member of your family? ’ 0.870
IN2: Would you be willing to use the help of a humanoid in your own care? 3.79

*** Variable excluded from further analysis due to strong correlation with variable S5.

Within the construct reflecting an impact on the quality of life, highest ratings were given by
respondents to the variable regarding the use of humanoids in the care of older people as a source of
additional benefits, such as 24-h attendance, 24-h care, and a sense of security (QL2).

Within the construct reflecting the functionality of humanoids used in the care of older adults, the
most important functions indicated by respondents were connected to easy and intuitive use of the
humanoid support (F1), the ability to call for help on behalf of an older person (F6), and reminding
an older person to take medications (F3). Respondents gave a relatively low score to the statement
that the use of humanoid technology in the care of older adults was a very innovative and desired
solution (F7). Variables F1 and F7 were excluded from the further analysis due to having a factor
loading below 0.6.

From the ethical point of view, respondents expressed their concerns regarding moral dilemmas
posed by the use of humanoids in the care of older adults, as well as doubts related to the ability to
trust a humanoid (E1). Respondents did not seem to be afraid of a humanoid deliberately harming an
older person (E4). Variable E1 was excluded from the further analysis due to having a factor loading
below 0.6.

In the context of social impact, respondents believed that the use of humanoids would be
particularly important in the care of the lonely people (S6). Relatively high scores were given to
the safety function provided by humanoids to older adults (S3). However, some concerns were
expressed regarding humanoids posing a threat to interpersonal relationships (54). Variables S1, S3,
and 54 were excluded from further analysis due to having a factor loading below 0.6 (51 and S4) or
due to the standardized residual covariance being greater than 2 (S3).

A positive attitude toward humanoids was indicated by expressing the ability to learn to use
humanoids (AT2) and the perceived feeling of safety when accompanied by a humanoid (AT3).
Respondents were cautious in their assessment of the presence of a humanoid being pleasant (AT1).
Variable AT1, which indicated that being in the presence of a humanoid could be pleasant, was
excluded from further analysis due to a strong correlation with variable S5, which indicated that the
use of humanoids in the care of older adults would contribute to a more pleasant time for older people.

The future intention to use a humanoid was measured indirectly by asking questions about the
possibilities of using humanoids in the care of family members (IN1) and personally (IN2). In both
cases, respondents were rather cautious and evaluated such possibilities as low.

Comparing the four variables determining the attitudes of respondents toward the use of
humanoids, the highest impact was achieved by the functional aspect of the technology (mean = 5.82).
Meanwhile, the ethical aspect had the lowest influence (mean = 3.75) (Figure 2).
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Figure 2. Assessment of a construct shaping an attitude toward the use of humanoids (means).

5. Results

To answer the research questions and verify the hypotheses, the authors used a two-step approach.
First, the correlation analysis was used and followed up with the structural equation model (SEM).

Table 5 shows a correlation matrix for variables. Significant correlations were found between all
constructs, and the dependence was rather strong. In the case of relationships between constructs
of ethical problems and other variables, a negative correlation appeared with the average to
moderate dependence.

Table 5. Correlation matrix (Spearman’s coefficient).

Impact on the Functional Ethical Social Attitude Future Intended

Quality of Life IQ)  Aspects (F) Problems (E) Impact (S) (AT) Use (IN)
Impact on the quality of life 1 0.593 ** —0.414 ** 0.826 ** 0.737 ** 0.716 **
Functional aspects 0.593 ** 1 —0.271** 0.637 ** 0.606 ** 0.483 **

Ethical problems —0.414* —0.271 ** 1 —0.403 ** —0.455 ** —0.408 **
Social impact 0.826 ** 0.637 ** —0.403 ** 1 0.781 ** 0.686 **
Attitude 0.737 ** 0.606 ** —0.455 ** 0.781 ** 1 0.662 **

Future intended use 0.716 ** 0.483 ** —0.408 ** 0.686 ** 0.662** 1

** Correlation is significant at the level of 0.01 (two-tailed).

Having satisfied the requirement arising from measurement issues, the structural model in
Figure 1 was subsequently tested. The generalized least squares (GLS) model with AMOS was set to
test the hypothesized relationships shown in Figure 3. GLS is a technique for estimating unknown
parameters in a linear regression model. In the structural equation modeling, a measurement model
allows setting the relationships between observed variables (i.e., indicators) and their respective
unobserved (latent) variables by defining a particular structural model [17]. In Figure 3, the values
on paths between latent variables are standardized regression coefficients, and numbers with latent
variable indicators are factor loadings.
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Figure 3. Model for the measurement of an attitude toward humanoids.

The hypotheses can be confirmed through the interpretation of the structural path coefficients.
Only the relationships between the social impact and the attitude toward the use of humanoids
were statistically significant (p < 0.05). Thus, this positive relationship confirmed hypothesis H4.
Other hypotheses (H1, H2, H3, and H5) were rejected and did not confirm statistically significant
relationships between the tested constructs (Table 6).

Table 6. Results of the test hypotheses.

Relationshi . Capabilit Hypothesis
between Constll')ucts Estimate Standard Error ﬁatio Y P }";"I::sting
H1: QL—AT —0.034 0.050 —0.666 0.505 Reject
H2: F—AT —0.018 0.042 —0.425 0.671 Reject
H3: E-AT —0.045 0.026 —1.733 0.083 Reject
H4: S—»AT 1.496 0.642 2.330 * Support
H5: AT—IN 0.073 0.093 0.790 0.430 Reject

x? = 552.871; degrees of freedom (df) = 143; x*/df = 3.866; p < 0.005; root-mean-square error of approximation
(RMSEA) = 0.067; goodness-of-fit index (GFI) = 0.909; Hoelter = 200, p < 0.001; ** the adopted level of statistical
significance was 0.05.

There is a consensus among researchers regarding the basic measures of model fit [81]. The
commonly used measures of model matching include the root-mean-square error of approximation
(RMSEA), (goodness-of-fit index) GFI, adjusted GFI (AGFI), and Hoelter test. According to
Tacobucci [81], the most important measure is the chi-square test (CMIN) with the indication of
the degrees of freedom and p-value. The perfect fit of the model was confirmed by the chi-square
statistic, which indicated no statistically significant relationship (p > 0.05). However, the chi-square
statistic has significant limitations regarding the sensitivity to the size of the sample. No matter the
efforts, the value of the statistics would always indicate a poor fit of the model (p < 0.05). In this
situation, the solution was to use the chi-square statistic/degrees of freedom (CMIN/DF), the value of
which should not exceed 3, and the permissible level reaching up to 5.
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The constructed measurement model had a satisfactory level of fit, which was confirmed by the
value of the RMSEA index at the level of 0.067, GFI = 0.909, and Hoelter = 200.

For the RMSEA indicator with a good quality model, values were below 0.05, and the value of
0.08 was taken as the upper limit of the satisfactory estimate. The value of 0.1 was the limit value for
the model rejection. The GFI value above 0.9 indicated an acceptable model fit. The model’s lower
acceptable limit expressed by the “N” (Hoelter) test was 200 [81-83].

The Mann-Whitney U test was used to verify hypothesis H7. Based on the results of the analysis,
significant differences were found in the level of attitude toward humanoids between respondents
of different genders Z = —2.403; p < 0.05. Men had a more positive attitude to humanoids compared
to women. For the purposes of graphical presentation of the attitude toward humanoids in gender
groups, the box plot was used (Figure 4).

N N
—
—

Attitude towards humanoids (AT)

— N W =L

Women Men

Figure 4. Attitude toward humanoids in gender groups.

To verify hypothesis H6, a non-parametric ANOVA Kruskal-Walls test was used. The research
proved that the attitude toward humanoids was differentiated across age groups (chi-square = 15.437;
p < 0.005). Differences in the level of attitude toward humanoids within individual age groups were
examined using the Dunn post hoc test. The obtained results of pairwise comparisons (between age
groups) confirmed statistically significant differences in the level of positive attitude between the age
groups of 18-25 and 2640 (test value (T) = —3.424; p < 0.005) and between the age groups of 26—40
and 41-60 (test value (T) = 3.163; p < 0.01). The p-value for pairwise comparisons is shown in Figure 5.

26-40 y.o. 18-25 y.o.
(364.64) p.<0.005 (298.10)

p.<0.01

p.=1.000

p-=0.492

over 60 y.o. 41-60 y.o.
(339.67 (299.74)

The mean value of the construct rank in brackets (Mean Rank)

Figure 5. Attitude toward humanoids in four age groups.
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6. Discussion

The conducted literature review, as well as the present research, confirmed that an attitude toward
humanoids could be shaped by four factors: an impact on the quality of life, functional aspects, ethical
problems, and a social impact.

Average scores on the seven-point Likert scale given by respondents showed that the functional
aspects of humanoids received the highest marks. The following four variables reflecting the functional
aspects received the highest marks given by respondents in the seven-point Likert scale: “the use of
humanoids should be easy and intuitive” (F1, mean = 6.40), “an important feature of a humanoid will
be the ability to call for help on behalf of an older person” (F6, mean = 6.26), another “important feature
of a humanoid would be the ability to remind an older person about the time to take medications”
(F3, mean = 6.02), and yet another “important feature of a humanoid will be the ability to inform the
family members about the health condition of the minded older adults” (F5, mean = 5.88). The research
conducted by Deligianis et al. also confirmed that tasks and functions performed by humanoids
were important factors determining the humanoid acceptance [51]. Regarding tasks performed by
humanoids, respondents would expect improvement in the communication between older people
and their environment (e.g., family members). The research conducted by Nomura et al. confirmed
that people expected robots to perform communication tasks, such as serve in public settings, as well
as provide care at home or welfare facilities [64]. Ezer et al., Cortellessa et al., and Draper et al. also
confirmed that different humanoid functions could be important for the acceptance of the technology
by society [71-73].

The second ranking was given to the construct regarding the possibility of humanoids to improve
the quality of life (QL) of older adults. Assessing the variables affecting the improvement of the quality
of life of older adults, the respondents gave high scores to the statement that “the use of humanoids
in the care of older adults will be a source of additional benefits (24-h attendance, 24-h care, and a
sense of security)”. The mentioned features would contribute to greater independence of older adults.
The same was confirmed by Mynatt and Rogers [67], as well as Arras and Cerqui [68], who proved
that the use of robots could maximize the independence of older adults.

Ethical problems perceived by respondents were mostly connected with perceiver trust and
threats in relation to humanoids and robots.

Respondents signaled their fears and doubts regarding a possibility to trust humanoids
(mean = 5.26). Research efforts by other authors demonstrated that trust in human-robot interaction
is crucial for the technology acceptance. Gaudiello et al. analyzed functional and social types of
human acceptance of robots. Functional acceptance means the trust of users in the functional savvy of
robots, and social acceptance is the trust of users in the social savvy of robots. Researchers proved
that robots seemed to be more trusted with functional rather than social tasks [84]. Deligianis et al.
discovered that people were willing to trust robots when it meant they could accomplish a more
difficult task with this kind of help [51]. Regarding the perceived threats caused by robots, the Poles
were not afraid of humanoids endangering the health or life of a user (mean = 3.67) or deliberately
harming an older person (mean = 2.77). A low level of assessment given to indicated variables reflects
a relatively high level of trust in humanoids among the respondents. The respondents were afraid
that a humanoid could inadvertently harm an older person (mean = 4.80). This fear of robots confirms
the conclusion by Scopelliti et al. that older adults would prefer robots with limited autonomy [70].
A negative correlation coefficient between variables connected to ethical problems and attitudes
toward humanoids shows that when people perceive a new technology in the context of threats and
distrust, no positive attitudes can be expected. Social programs aimed at building awareness, as well
as education programs, should be focused on showing positive examples of humanoids helping people
to avoid any threats rather than being the source of danger.

The social impact of humanoids was measured by items reflecting the possibilities of making life
more pleasant (mean = 3.94) and taking care of the lonely people (mean = 5.08). In relation to loneliness,
the most important aspect was to ensure as independent a life for an older person as possible [75]. In
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the context of making life more pleasant using humanoids, Arras and Cerqui confirmed that older
adults did not think that robotics could contribute to their personal happiness [68]. The statement
regarding the improved safety of older adults received a relatively high ranking (mean = 4.67) but
was excluded from the analysis following confirmatory factor analysis. Respondents stressed the
importance of measurable social benefits brought by humanoids in the care of older adults. At the same
time, respondents indicated their concerns regarding possible threats to interpersonal relationships
and the creation of new jobs. A low level of assessment given to the possibility of new job creation
(mean = 3.24) suggested that respondents were rather inclined to agree that robots could pose a
threat to the labor market. The achieved results were consistent with the results received from a
Eurobarometer survey, which confirmed that robots would steal people’s jobs. Only five member
states—Denmark (65%), Finland (57%), Lithuania (562%), Sweden (51%), and Austria (50%)—had
absolute majorities agreeing that widespread use of robots could boost job opportunities in the EU [22].
From the sociological point of view, respondents were concerned about interpersonal relationships.
They thought humanoids might pose a threat to interpersonal relationships (mean = 3.14). Also,
research results by Syrdal et al. confirmed that the use of humanoids might threaten interpersonal
relationships [50]. Moreover, Draper et al. felt that human-human interaction should not be replaced
by robots [73].

A positive attitude reflects the readiness to learn to use a humanoid if needed (AT2, mean = 6.21).
More often, respondents declared that they would feel safe in the company of a humanoid (AT3,
mean = 4.21), and, this way, time would be pleasantly spent (AT1, mean = 3.84). It was strange that
respondents were more willing to use the help of a humanoid for their personal care (IN2, mean = 3.79)
than for the care of a family member (IN1, mean = 3.33). The conducted research did not confirm that
attitudes toward humanoids determined the future intention to use the technology. In many cases,
studies regarding the adoption of a new technology pointed out the contrary, i.e., that attitudes toward
a particular technology influenced the future intended use [85,86]. It should be mentioned that some
respondents believed that being in the presence of a humanoid could be pleasant and safe.

Considering the demographic features of a respondent, the achieved results confirmed that human
attitudes toward humanoids depended on age and gender.

The research confirmed statistically significant differences between attitudes toward humanoids
depending on age groups of respondents; however, some other research efforts demonstrated no
significant differences between age groups in terms of their attitudes toward robots [70].

The research by Hudson et al. confirmed that young people were relatively positive about
robots, but older adults were rather negative [60]. The research conducted here confirmed the same
dependence, but only between the groups of people aged 26-40 and 41-60. Also, Czaja et al. found
that older adults were less likely to use different technologies compared to younger adults [79].
Such a positive dependence between the attitude and age was not confirmed in the age groups
of 18-25 and 26—40. In this case, older respondents were relatively more positive about robots
compared to younger respondents. The results of this analysis confirmed the results received by
Nomura et al., showing that age also seemed important in Western cultures, with the youngest group
of participants being the most skeptical of humanoid robots, both in terms of their general attitudes, as
well as interpersonal fears, when compared to older age groups [64]. Similar results were received by
Turja et al. who concentrated on researching the attitudes of healthcare professionals toward robots
and robot acceptance at work. Among healthcare professionals, a younger age predicted a lower level
of robot acceptance at work [87]. The study of attitudes toward humanoids in the care of older adults
held by particular age groups is important because the process of technology development seems to be
relatively long and its implementation on a mass scale might be seen by the current generation of the
youngest citizens. Often, the more positive attitude of older people toward humanoids might stem
from either living in loneliness or the lack of faith that the technology would become widely used.
The knowledge about attitudes toward humanoids and factors that determine such a stance may help
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in the adjustment of the future education system aimed at particular social groups, as well as in the
building of positive attitudes.

The obtained results that differentiated attitudes toward humanoids by gender confirmed that
men had a more positive attitude compared to women. The diversity of attitudes toward humanoids
depending on gender was confirmed by other authors, although the results were not clear-cut. Tung
researched a group of children and confirmed that girls were more accepting and reflected more
positive attitudes toward humanoids compared to boys [88]. Turja et al. concentrated on the research
of attitudes held by healthcare professionals toward robots and robot acceptance at work. The
general view of robots was consistently the most positive among men representing Finnish healthcare
professionals [87]. Also, Sun and Ahang proved that men had a more positive attitude toward the
usefulness of technologies than women [80].

Structural equation modeling confirmed that, from among four variables—the impact on the
quality of life, functional aspects, ethical problems, and social aspects—social aspects were the most
important factor that shaped attitudes of older adults toward humanoids. The most important group
of older adults was that of people living alone who might expect that humanoids would make their
life more pleasant.

7. Conclusions

The literature review confirmed that the processes of ageing population inspires researchers to
investigate whether and to what extent the use of humanoids in the care of older people could at least
partially solve the problems of an ageing society, mainly in the context of ensuring independence for
this social group and improving their quality of life.

According to a Eurobarometer survey, the Polish society belongs to the group of countries in which
(compared to other EU countries) a relatively small group of the population would feel uncomfortable
having a robot mind their older parents. Gathering the knowledge about determinants that affect
attitudes toward humanoids in the Polish society still remains valuable and necessary from the
perspective of momentum gained by the process of population ageing.

On the one hand, the aim of the research was to identify perceived key benefits that could shape
positive attitudes toward humanoids in the care of older people, and on the other hand, the study
searched for the dependence between an attitude toward humanoids and the future intention to use
the technology.

The Polish society believes that, from the social point of view, using humanoids in the care of older
adults could be particularly important in the case of lonely people. The analyzed technology could
be useful for reminding an older person about taking medications, informing the family members
about the health condition of the older adult, and calling for help on the behalf of an older person.
Respondents did not believe that a humanoid could deliberately harm an older person. Results
confirmed that respondents were aware of the fact that humanoids could occupy jobs and impact labor
markets negatively, and they did not believe that humanoids used in the care of older people could
create new jobs.

The main limitation of the conducted research was too general a view of benefits shaping the
attitudes toward humanoids and the future intended use. As the research was the first of its kind in
Poland, and considering the low level of social awareness and practical application of the technology,
the authors decided to use more general questions and not delve deeply into all factors that impact on
human attitudes toward humanoids.

Therefore, the achieved results could be useful, serving as a starting point for the future research.
Topics of possible future research could include an investigation of factors influencing different types
of attitudes (cognitive and affective) and an investigation of different types of motivation to use
humanoids in the care of older adults (an obligatory or voluntary use of the technology). Also, more
research efforts are required regarding the influence of humanoids on the labor market. An additional
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variable that could influence the future use of humanoids would be user experiences in other spheres
of life.
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