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Objective: In this paper, we have summarized the influence of human age and
gender on acceptance of humanoid robot and discuss the effect of robot's

* H .
appearance, physical movement, and usability on human behavior and their Corresponding author:

perspective towards a robot. The paper also studies the factors that affect a user's Avishek Choudhury
trust towards a humanoid robot and observes the possible application and users
of humanoid robots in diverse domains. (=1 avishekadamas@gmail.com

Background: Application of humanoid robot has been well established in the
field on healthcare and education. It has been frequently used to treat autistic
children and has been able to reduce distress level in children who have cancer
and cerebral palsy. In the domain of education, humanoid robots have been able
to enhance student participation but not learning.
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Methodology: Systematic literature review was conducted to gather information Citation: Chouc.lhury A, LiH, C:]ree.ne ™M
about humanoid robot application and its influence on human behavior and (2018) Humanoid Robot: Application and
productivity. Influence. Appl Sci Res Rev Vol.5 No.4:17

Results: Effect of gender and age were found to be the most influential factor
that defines a user's perspective towards the humanoid robot. Moreover, robot's
appearance and gaze determine users' acceptance and trust towards robots.

Conclusion: Children and Older adults prefer humanoid robots. The deterministic
behavior of humanoid robots improves autistic condition among children. People
with less social networks treat robots as their companion. Humanoids have
influenced human productivity in the field of education and healthcare.

Key Points:

e The Social connectivity of individual influences their perspective towards
the use of a humanoid robot. Lonely individuals, especially autistic
children and older adults prefer an assistive humanoid robot.

e The appearance of the robot influences user acceptance and trust. Users
irrespective of their age, gender, and social and health status preferred
robots with human-like appearance.

® Application of humanoid robot to treat autism among children has been
useful.

e Trust on a humanoid robot depends on the criticality of the situation a
user finds herself or himself. Trust factor increases with a decrease in the
confidence of a user in any quantitative decision-making situation.

e Humanoid robot in the education domain has been effective in increasing
student participation.
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Introduction

Humanoid Robots have been helping human beings in various
capacities. Humanoid robots have been broadly used in the
field of Healthcare, Education, and Entertainment; Moreover,
Humanoid robots have been playing diverse roles in the human
environment such as interacting socially and helping people as a
friend, teacher, assistant, and remote healthcare provider.

This paper performs a systematic literature review of humanoid
robots to study its applications, benefits, and limitations in
various fields.

Specifics

This paper classifies humanoid robots based on their application.
In the following section, the paper state the research questions
that need to be addressed and conducts a literature review to
study the same and describes the findings. In the discussion and
conclusion, this paper highlights factors influencing human-robot
interaction and lists some of the key takeaways at the end.

Humanoid Robots

Definition

A humanoid robot is a robot that not only resembles human's
physical attributes especially one head, a torso, and two arms
but also should have the capability to communicate with humans
and other robots, interpret information, and perform limited
activities according to the user’s input. Humanoid robots are

equipped with sensors and actuators. These robots are typically
pre-programmed for determined specific activities.

Based on typical applications, humanoid robots can be
categorized into Healthcare, Educational and Social humanoid
robot. Healthcare humanoid robots are used by patients at
home or healthcare centers to treat and improve their medical
conditions. These robots either require a human controller or are
fully preprogrammed to assist patients. Educational humanoid
robots are for students and are used in education centers or
home to improve education quality and increase involvement in
studies. These robots are typically manually controlled robots.
Social humanoid robots are used by individuals or organizations
to help and assist people in their daily life activities. These robots
are commonly preprogrammed to perform mundane tasks and
are also known as assistive robots.

Research questions

There have been many instances where robots have been
used to reduce human error. Manufacturing, healthcare,
hospitality, education, and many other fields use robots in
some form; Moreover, the application of robots in the military,
manufacturing, and research is well-established. A humanoid
robot is a specific robot that is in its developing phase. Humanoid
robots can perform several human-like physical activities;
however, its effectiveness, especially in the field of healthcare,
education and social, is a concern. In this study we are focusing
on the following questions:
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What is the effect of human age and gender on the application of
a humanoid robot?

When do people accept and trust a humanoid robot?

This paper conducts a literature review and based on published
literature, addresses the stated questions.

Literature Review

This paper conducts a systemic literature review of a humanoid
robot and summarizes all the research and studies conducted in
the last ten years. The search for this review was limited to ACM
Digital Library, ASME Digital Collection, BIOSIS Citation Index,
CINDAS Microelectronics Packaging Material Database, Cite Seer,
Computer Database, Emerald Library, Energy & Power Source,
Engineering Village, IEEE Xplore, MEDLINE, OSA Publishing,
PubMed, Safari Books Online, Science Direct, Sci Finder, SPIE
Digital Library and Springer Database. The search was conducted
using "Humanoid Robot," and all papers containing the phrase
anywhere in the content were considered for further analysis. This
keyword "Humanoid Robot" gave 12,261 results that included
books, articles, conference proceedings, newspaper articles,
dissertations, retracted papers, technical reports, audiovisuals,
government documents, statistical data sets, and images.

Selection/ Exclusion criteria

As mentioned above, our focus was restricted to papers published
between 2008 and 2018. Further constraints such as material type
and language were set. Papers published in the English language
was listed, this left us with 3,392 papers to investigate. Once the
primary basic search was done, we shortlisted the paper based
on their title and then on their abstract.

Title based selection

The first scan of these papers was done by reading the title
only. Any papers consisting of a technical report and robot
manufacturing were rejected. All the article that discussed usage,
application, open source software for humanoid robots and or
literature review of humanoid robots were selected. Any paper
that only talked about android or computer application was also
not selected. We selected 368 papers.

Abstract & finding based final selection

The selected papers were again scanned to make a final list of
papers. This was done by reading the abstract of each paper. We
preferred any paper that has any connection with education,
healthcare, and social. Fifty-eight papers were shortlisted for this
study.

Results

Application of humanoid robots has been significantly used in
healthcare and education domain. Majority of the study involved
minors and senior citizens; moreover, economic feasibility was
not tested in any study involved in this paper.

The following section briefly discusses the influence of age,
gender, and other experimental setups on the behavior of

2 This article is available in: http://www.imedpub.com/applied-science-research-and-review/
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humans towards humanoid robots and their application in
various domains.

Healthcare humanoid robot

Usersand healthcare practitioner have appreciated the advantage
of advanced surgical robots. However, our study highlights the
application of humanoid robots and their roles in healthcare
today. In addition to surgical robots, healthcare humanoid robots
have been successfully helping people in disease management,
pain relief, pediatric healthcare assistant, and physical therapy.
The role of healthcare robots can be broadly classified into the
clinical and non-clinical application.

In Clinical setting, humanoid robots have been used to assist
patients who have cerebral palsy [1], and pediatric cancer [2]. To
study the influence of human-robot interaction on user attention
two children of age 9 and 13 who have cerebral palsy were
exposed to NAO robot under four different interactive situations.
The experiment aimed at improving patient coordination,
truncal balance and motor function [1]. The first interaction was
general introduction round where children and robot verbally
communicated with each other. In this situation, the subject had
a tough time understanding the robot and required the help of
a therapist; thus, it increased positive interaction between the
subject, robot, and the therapist. This was aimed to enhance
a child’s social adaptability [1]. The second, third, and fourth
interaction session was an imitation round which aimed at
improving a child's lower leg balance and function. In this setup,
the children had to imitate movement, lift one leg movement
and kick a ball movement of the robot [1]. No improvement was
observed during this setup; however, the children developed a
positive interaction with the humanoid robot [1].

The crucial responsibilities of the robot in clinical healthcare
domain are distress minimization [3], remote monitoring [4], and
interacting with the patients [1-3,5]. To measure the effect of a
humanoid robot in pain and distress minimization, "Face Pain
Scale-Revised" [3] approach was taken during vaccination of
children in a clinical setup. The pain level of the children during
the injection shot was measured through their facial expression
and behavior such as crying or muscle tension. Children felt more
pain during vaccination in the absence of a robot in the clinic [3].

Moreover, a study on the effect of a humanoid robot on anger,
anxiety, and depression level has also been significant. To study
the effect of a robot on anger and anxiety and difference between
"social robot-assisted therapy" [2] and psychotherapy children
who have cancer were given therapy session using a robot and a
human psychotherapist. The group assisted by the robot had eight
sessions in which the robot played different roles such as a doctor,
chemotherapist, nurse, cook, ill kid and other. In these sessions,
the robot interacted with the children and explained to them
the role of each character in a story form to reduce their anger,
depression, and anxiety. Post the experiment a questionnaire
was used to assess anger, anxiety, and depression level of the
children. It was observed that the robot-assisted group had lower
anxiety, depression, and anger than that of the controlled group.
Humanoid robots were successful in minimizing anger, anxiety,

© Under License of Creative Commons Attribution 3.0 License
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and depression [2] among cancer patients. Humanoid robots also
enhanced joint attention between the patient and the therapist [6].

The patients treated using humanoid robots were mostly children
around the age of 85 years [4]; 5 to 6 year [3]; 7 to 12 years [2];
5 to 14 years (Malik, Yussof, Hanapiah, Rahman, & Basri 2015); 9
& 13 years [1]; Moreover, a supervisor or controller was always
present to monitor and control the humanoid robot.

Non-Clinical healthcare have significantly contributed to
Autism Management followed by Diabetes Management [7]
by performing activities such as playing games [8,9] greeting,
singing, dancing, hand movement, blinking, interacting with the
patients [2,3,9-12]. Robots also measured blood pressure [13-
15], and asked questions, played quiz with the patients and [7,16]
monitored and helped patients with medical assistance [4].

Effect of using robots in autism management and treatment has
been highly effective and appreciated. Humanoid robots can be
developed to facilitate social skills for autistic children [17], thus,
can improve patient’s autistic behaviour [12,18-20].

Most of the research conducted on autistic patients using
humanoid robots aimed at enhancing their social skills. Gaze is a
crucial medium that enables social communication. It also affects
acceptance, preference, and obedience among human beings
[18]; However, excessive gaze might impose a threat, superiority,
and anger [18]. To study the effect of task difficulty and gaze on
user’s trust on robots fifty-two university students were selected
for the experiment in which they had to engage in the “shell
game” [18] with the robot. The game was conducted in three
different levels of difficulty. A mixed 3 x 3 design was employed
to study the behaviour of the subjects at Averted gaze, constant
gaze and situational gaze [18] for the easy, medium and hard
difficulty level of the game. Here, the independent variable was
the three levels of gaze and game difficulty level. Averted gaze in
which the robot never looked at the participant, constant gaze
during which the robot continuously looked at the participant
and situational gaze when the robot looked at the participant
only when he/she gave a wrong answer. It was observed that
with an increase in difficulty participant's trust increased.

Use of humanoid robot have significant influence on
communication, social behavior and joint attention of autistic
patients [21,22] but did not influence any collaborative behavior
among patients [9]; However, playing with human adult enhanced
collaboration among patients [23].

To study the effect on joint attention a therapy session was
conducted in a school playroom setting. Students in this
experiment used a humanoid robot, and the interaction was
recorded. In, this study the robot directed students to perform
physical activities such as touching head or look towards the
window. The study measured the number of times the participants
responded correctly to the robots. The experiment was run
under two condition, with prompting and without prompting.
Improvement in joint attention initiation and response were
noticed; however, the relevance and contribution of prompting
were unclear.
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Humanoid robots helped patients to learn more about autism
management [24]. The ability of the humanoid robot to evoke
human-human interaction along with its impact on learning was
analyzedinastudy conducted by Costin 2015. The experiment was
classifieds into four sections: "familiarization, pre-test, practice,
and post-test phase". In this experiment, the participants had to
identify their different body parts as per asked and directed by
the robot. In this study, it was observed that the participant's
response increased in the "post-test phase" and; thus, the
learning ability of the participant were increased after therapy
using a robot. The study, thus, showed the effectiveness of a
humanoid robot in the domain of child education and healthcare,

Humanoid robots have also enhanced diabetes and diabetes
management [7]. The benefactors of the humanoid robots in
autism and diabetes management were mostly children [4,25] of
age 6-7 years [22], 6-9 years [24], 8-12 years [7], 5-10 years [26],
6-8 years [23], 7-12 years, 5-13 years [9] and 7-13 years [12].

Education humanoid robot

Use of computer and e-learning in the field of education have
been performing well and have successfully increased the access
to education worldwide. However, the recent trend in education
domain is towards the application of humanoid robots. Humanoid
robots are now becoming an essential component of education
domain as these robots have the capability to reason and analyze
situations logically to support human learning and are also better
than computer agent [27] and more engaging than the virtual
agent [28]. Comparison between a projected robot, a collocated
robot, and an on-screen agent has been a relevant concern in
the domain of education and e-learning. To study the impact of
a computer agent, on-screen projection, onscreen projection
of a robot and a physical robot on the social behavior such as
engagement, disclosure, influence, memory, attitude etc. were
measured to find that collocated/physical presence of robot-
enhanced participant's engagement [27] with the subject;
however, it had no effect on social behavior; Moreover, there
was no significant difference found between onscreen robot,
and a collocated robot. Unlike other studies, this showed that
learning ability was minimum using a collocated robot. Humanoid
robots have been known for teaching language [16,29] hands-on
engineering [30], nutrition [31], mathematics [9], general science
[32] as well as helps students in spelling learning, storytelling [33]
and participate in memory games. Robots have been performing
the role of a teaching assistant and games partner of children
[16,34-37].

In most of the studies, humanoid robots were used along with a
human teacher or a controller. The educational humanoid robots
have been used for various sections of education and have
addressed wide range of students such as preschool kids [37,38]
primary school kids [3,16,36-39] junior high school students
[34] and undergraduate engineering students [40]. Students
responded positively to the robots. Positive effect on learning
[38] was observed along with higher classed participation [32].
Increase in a student’s creativity [41], curiosity, and knowledge
recall rate [42] was observed.
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Socially assistive robot

Social robots or socially assistive robots (SAR) are known as
assistive robots, and their application is burgeoning especially
among elderly people and hospitality industries. Social robot
assists human beings in their daily life and replaces human
activities at hospitality industries. At the domestic level, social
robots have been doing well. Retired older adults or autistic
patients mostly use the robots. These assistive robots act as a
companion [43,44] for both children and elderly individuals.
Among children, social robots have been known for their ability to
entertain [23] and play games [45]. Importantly, autistic children
prefer to spend more time with a robot [12] since robots are
more predictive and less intimidating than human beings [46].

In this domain, most of the study emphasized the effect of
age, gender and appearance of the robot on acceptance, social
behavior of the user, and trust towards the humanoid robot.
Children and elderly users have a diverse opinion about the
appearance of a robot. Some preferred humanoid whereas,
some liked machine-like appearance [10]. Since humanoid robots
look like a human, they are more relatable and a better fit for
companionship [10,47]. According to a literature review, people
relate male humanoid robots as more intelligent in decision
making whereas; female robots were perceived to be good at
nursing and caring activities [10].

Humanoid robots can also evoke the feeling of care and enhance
awareness of social behavior [45]. Consecutively, according to
a survey and interview conducted by Broadbent in 2009 older
people opted for robot staff to help them in daily life activities such
as making a phone call, control appliances, remind medications
and appointments. In the study by Broadbent in 2009, several
pictures of different types of robots were shown to the workers
and residents of a nursing home. Most individuals preferred a
humanoid robot with all human-like physical features. Even the
size of the robot impacted their perception. Elderly users opted
for a medium sized robot with light, bright color; However,
there was no influence of the robot's gender on the users [47].
The ability of a social robot to detect fall and serious medical
condition of the user was highly appreciated; Moreover, assistive
robots also play an important role in elderly care; they remotely
observe the user and communicate with their care providers,
thus, further reducing nurse workload [48]. Table 1 below
summarizes the main findings from the literature review.

The Table 2 following lists the typical application and features of
commonly used humanoid robots.

Discussion
The application of humanoid robots specially NAO [49].

Use of humanoid robot has been significant in several domains
[50]. It has been successfully implemented in the field of
healthcare, education, and social. Figure 1 below shows the
application of humanoid robots in three broad domains.

Majority of the research is focused on healthcare. Figure 2
below shows that humanoid robots were used mostly to treat

4 This article is available in: http://www.imedpub.com/applied-science-research-and-review/
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Figure1 Application of Humanoid Robot.
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Figure 2 Diseases treated using Humanoid robot.
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autism (65%) followed by diabetes (15%), cancer (10%) and
cerebral palsy (10%). Humanoid robots improved autism severity
(Shamsuddin & Yussof, 2012) and enhanced social behavior [21],
communication skillsamong children; Moreover, use to humanoid
robots enhanced collaborative behavior, learning capacity
among autistic children and interaction with robots made them
feel entertained and comfortable (Kim, Chung, & Jung, 2018).
Apart from successfully treating autism, humanoid robots yield
positive results in educating patients with diabetes management
skills [7], minimize stress in pediatric cancer patients. Patients
who have cerebral palsy got encouraged by interacting with
humanoid robots. Usage of the robot also enhanced treatment
efficiency by initiating joint attention between the patient and
the therapist [6].

Figure 1, developed based on the literature review, shows the
proportion of work dedicated to healthcare, education, and
social assistance using humanoid robots and highlights [51] the
influence of humanoid robots [52] in the field of healthcare,
moreover, the potential of a humanoid robot to become a
personal healthcare assistant has been projected in Miyachi and
Iga's recent work [53]; however, some limitations exist especially

ISSN 2394-9988 Vol.5 No.4:17

to treat autistic children. To better manage autism, humanoid
robots must have a diverse set of objectives and should be
personalized based on the user. Figure 2, also developed based
on the literature review, shows that about sixty-five percent of
the work using a humanoid robot within the healthcare domain
have been directed towards managing autism.

Application of humanoid robots in the field of education has also
been promising. Studies have shown the positive influence of
robots on education; moreover, humanoid robots have acted as
a tour guide within the college campus [54]. Figure 3, developed
based on the literature review findings, shows the most analyzed
aspect of humanoids in education. From the literature review, it
was found that application of a humanoid robot-enhanced the
interaction of participants within a classroom setting, however
[32,41] no significant increase in learning rate were observed.

The study conducted by Barakova in 2015 focused on analyzing
the effect of using collocated robot and simulation on a student’s
enthusiasm. During the experiment with both robot and
simulator, performance such a dropout rate, class attendance,
task completion rate, creative thinking, and social impact were
measured. All the measures were higher when working with a
humanoid robot than that of a simulator; moreover, according
to the questionnaire developed by Marina and Freidin in 2014
in their study, teacher, and students both preferred usage
of a humanoid robot in the classroom setting. The study
measured anxiety, attitude, adaptability, trust, and other, using
questionnaire. The study also observed that factors such as social
presence and social influence are not relevant to determine a
humanoid robot’s acceptance.

Moreover, students enjoyed and preferred the presence of
humanoid robot in class [55,56]. Few studies have shown
significant impact on the learning ability of the student using
humanoid robots, but the presence of humanoid robot ensures
higher class attendance, promotes creative thinking and increases
subject curiosity. Table 3 below shows the user's requirement
from a typical humanoid robot specifically in the domain of
private healthcare.

The users have appreciated the role of humanoid robots in the
field of healthcare and education. Contrastingly, people's attitude
towards social or assistive robots varies significantly. Children and

-
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Table 3 Tasks for Home Healthcare Humanoid Robots.

Tasks

ISSN 2394-9988 Vol.5 No.4:17

Percentage (Users asked for these

features)

Measuring BP, Body Temperature, Pulse, and Heartbeat irregularities. Sending the report to the doctor. 30.43%
Connecting with a family doctor remotely 30.43%

Medicine reminder 30.07%

Providing remote video connection for the doctors 28.97%

Detecting health trouble, people lying (heart-attack) and call emergency help 27.87%
Communicating to patient-doctor from time to time to ensure everything is ok 27.13%
Ensure medications are taken at the proper dose 27.13%

Reminding doctors to take care of the patient 26.03%

Helping in speech therapy 26.03%

Improving cognitive disability of the patient 25.67%

Helping in occupational therapy 25.30%

Helping in baby care management 24.57%

Helping in wound management and tube feeding 24.20%

Monitoring injuries 23.83%

Entertaining the patient 23.47%

Helping in mental therapy 22.73%

Helping in social skill and autism therapy 22.00%

elderly users prefer robots and have less resistance towards the
application of humanoid robots than that of middle-aged users.
Trust and acceptance of humanoid robots were affected by its
appearance [57], gaze, and functionality. According to a survey
by Alaiad, people felt that using humanoid might be a threat to
their privacy [58].

Humanoid robots were preferred more than general assistive
robots; even people gave more attention to humanoid robots
which are user-friendly. Adult female users’ trust decreased when
the robots constantly gazed at them; however, users with lower
confidence had more trust towards the robot. Humanoid robots
were trusted on their functional knowledge such as weight, size,
color, and other quantitative measures, but users did not trust on
social and logical knowledge such good, bad, and other qualitative
measures given by the robot. People also believe that humanoid
robots take undesirable actions intentionally and are more prone
to make an error. Unlike adult users, children were not concerned
about the robot’s utility. They enjoyed the company of humanoid
robot and treated them as a friend. Children were willing and
able to interact with the humanoid robot easily. Old males had
high concern about a robot's functionality more than adolescent
or females. Users want the humanoid robots to measure blood
pressure, body temperature, connecting with doctor remotely,
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