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Abstract:With the aging of the population worldwide, hu-
manoid robots are being used with an older population,
e.g., stroke patients and people with dementia. There is a
growing body of knowledge on how people interact with
robots, but limited information on the difference between
young and old adults in their preferenceswhen interacting
with humanoid robots and what factors influence these
preferences.Wedeveloped a gamified robotic platformof a
cognitive-motor task. We conducted two experiments with
the following aims: to test how age, location of touch in-
teraction (touching the robot’s tablet or hand), and em-
bodied presence of a humanoid robot affect the motiva-
tion of different age-group users to continue performing
a cognitive-motor task. A total of 60 participants (30 old
adults and 30 young adults) took part in two experiments
with the humanoid Pepper robot (Softbank robotics). Both
old and young adults reported they enjoyed the interac-
tion with the robot as they found it engaging and fun, and
preferred the embodied robot over thenon-embodied com-
puter screen. This study highlights that in order for the ex-
perience of the user to be positive a personalization of the
interaction according to the age, the needs of the user, the
characteristics, and the pace of the task is needed.
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1 Introduction
Most industrialized countries are aging fast due to an in-
crease in life expectancy and a reduction of child birth
rate [1]. The number of old people in the western world
is growing, and the number of seniors in the USA is ex-
pected to double from 40 million in 2016 to 80 million by
2050 [1]. In this aging society, it is expected that there will
be agrowingneed for home,medical, andnursing care ser-
vices [2]. For this purpose, robots, and in particular robots
with appearance based on the human body, are expected
to perform human tasks such as provide personal assis-
tance, help with social care for the older population, or
assist with cognitive therapy [3, 4].

Socially assistive robots (SARs) are a natural category
for this endeavor. SAR was defined by Mataric and col-
leagues as “a system that employs hands-off interaction
strategies, including the use of speech, facial expressions
and communicative gestures to provide assistance in ac-
cordance with the particular healthcare context”‘ [3, 4].
This category has been expandingwith increasing interest
in the variety of opportunities offeredbySARs, andnow in-
cludes interaction that can involve physical interaction be-
tween the robot and the human, as in the work described
here andelsewhere, e.g., in Sabanovic et al. theyworkwith
the PARO robot for people with dementia [5]. SARs are be-
ing used in different applicationwith healthy older adults,
e.g., to enhance their exercise motivation as described by
Fassola andMataric [4], and assisting individuals with en-
hanced activities of daily living in order to improve quality
of life as described by Louie et al. [6]. Other applications
include rehabilitation of stroke patients [7] and with adult
patients suffering from dementia [8].

In order for robots to be effective assistive technol-
ogy tools, they must be accepted and adopted by the in-
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tended user population [6]. Few studies have investigated
how older adults relate to humanoid robots. Those studies
have found the experience of the participantswithhuman-
like robots was positive [3, 4, 6]. Even as human-robot in-
teraction (HRI) is becoming ubiquitous, there is very lim-
ited information regarding the difference between young
and old adults in their preferences when interacting with
humanoid robots and what factors influence these pref-
erences. This information is of great importance since it
could be that the same robot or the same tasks of a given
robot do not equally suit both older population and a
younger population and that older people have different
needs from a robot compared to younger users. Nomura
and Sasa compared young and old adults’ interactionwith
a real robot versus a virtual robot. They found that, com-
pared to the young group, more people in the older group
complied with the real robot, had more positive impres-
sions of both robots, and felt more attachment to the vir-
tual robot [9]. Ezer et al. conducted a questionnaire bymail
among young and older adults regarding their robot task
preferences. They found that older adults indicated more
willingness than younger adults to have robots perform
critical monitoring tasks that would require little interac-
tion between the robot and the human. They concluded
this may be because older adults see more of a benefit to
having a monitoring-type robot than younger adults [10].
These works demonstrate some of the differences between
age groups when interacting with robots. There are still
many aspects of the interaction that should be investi-
gated, specifically, what age-related differences affect HRI.
Many factors can affect how a person relates to a tech-
nological assistive tool, and these may include the age of
the person, whether the system is embodied, and the type
of interaction with the technology. Hence, in a group of
healthyparticipantswe investigated the age effects onuser
preferenceswhen interactingwith ahumanoid robot using
two qualitative usability experiments. Our goal in the cur-
rent experiments was to test how age, location of touch in-
teraction (touching the robot’s tablet or petting its hand),
and embodiedpresence of ahumanoid robot affect themo-
tivation of different age-group users to continue perform-
ing a cognitive-motor task.

2 Materials and methods

2.1 Participants

A total of 60 participants (30 young adults and 30 old
adults) took part in two experiments. A convenience sam-

ple of young participants was recruited from the uni-
versity’s student social groups. Older participants were
recruited via advertising sent to the mailing lists of re-
tired university workers (academic and non-academic po-
sitions) and all the university exams inspectors. Older
adults were ambulatory and independent in the com-
munity. Exclusion criteria were as follows: a vision im-
pairment that would interfere with their ability to see
the screen; a neurological or orthopedic impairment that
would limit their handmovement; and aMini-Mental State
Examination (MMSE) score below 24 [11] (MMSEwas tested
in the older adults only). All participants gave their written
informed consent to participate in accordance with the re-
quirements of the Ben-Gurion University Ethics Commit-
tee, which approved this experimental protocol.

2.2 The robot

The robot used in the described experiment was the Pep-
per robot (Aldebaran SoftBank robotics). It is a humanoid
robot, and it measures 120 cm in height (see Figure 1). The
participants sat on a chair in front of the robot, at such a
distance that they could touch the robot’s chest tablet. A
narrow table (60*15 cm) was positioned between the par-
ticipant and the robot.

Figure 1: Experimental setup: The Pepper robot is showing a se-
quence of colored cups on its tablet. The participant has to organize
a set of actual physical cups on the table according to the displayed
picture.
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2.3 Experiment 1

2.3.1 Participants

Ten old adults (70.8±5.7 years, 6 females) and 10 young
adults (24.6±2.6 years, 5 females) participated in this ex-
periment. All young participants and seven of the older
adults were right handed. Participants could use either
hand or both for playing the game, according to their own
convenience.

2.3.2 Procedure

In each of the twelve trials, a row of colored cups was dis-
played on the robot’s tablet. The participants had to orga-
nize a corresponding set of actual physical cups on the ta-
ble according to the picture shown on the robot’s tablet
(see Figure 1). There were three levels of game difficulty:
in Level 1 there were four cups, in Level 2 there were five
cups, and in Level 3 there were six cups. The instructions
and feedbackwere provided by the robot. The picture with
the target order of the cups disappeared from the screen
after 8-10 seconds. When they completed the task, partici-
pants had to either touch the robot’s tablet (see Figure 2) or
pet the robot’s hand (see Figure 3). Half of the participants
touched the tablet for the first six trials, and then petted
the robot’s hand, and the other half first petted the robot’s
hand, and then touched the tablet for the final six trials.
After each trial, the robot either gave feedback on the per-
formance (e.g., “try to do it faster next time”) or on the re-
sults (e.g., “you succeeded!”, "you were not right but try
again!"). The feedback given by the robot was both verbal
and with head and arm gestures (e.g., hand clapping). To
determine the success or failure of each trial, we employed
the "Wizard of Oz" (WOZ) approach [12]. The participants
were not aware of the fact that the experimenter, and not
the robot, wasmaking the decision on how to respond. Af-
ter two trials on the basic level (four cups) or after four tri-
als on the second level (five cups), the participant could
choose to either continue at the same level or change to a
harder level of the game (more cups). After four trials on
the basic level (four cups) or after six trials at the second
level (five cups), the participants were forced to continue
to the next level. There were a total of 240 trials, across all
participants.

2.3.3 Questionnaire

At the end of the experiment, the participants answered
a custom-built questionnaire, regarding their preferences,
feeling, and thoughts about their interaction with the
robot. The questionnaire was based on the "Godspeed
questionnaire" [13] and included both Likert-scale ques-
tions and open-ended questions. It was structured as a
five-point Likert-scale (1 – negative feelings, 5 – positive
feelings), and included questions such as – "did you feel
the robot was natural or fake?", "did you like the interac-
tion with the robot?", "was the robot friendly?", "was it
nice to relate to it?", "is the robot intelligent?" All of the
questions for Experiment 1 are shown in Table 1. In addi-
tion, the questionnaire included open questions such as
whether they preferred to touch the robot’s tablet or to pet
its hand and why. We chose a custom-built questionnaire
comprised of a Likert-scale and of open-ended questions
in order to capture the nature of the preferences and the
differences between the two age groups.

Figure 2: In order to indicate completion of the task the participant
is touching the robot’s tablet.

2.4 Experiment 2

In the second experiment we aimed to broaden the ques-
tion of what affects the differences in preferences between
age groups when interacting with a humanoid robot. We
set out to test not only the preference of location of touch
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Figure 3: In order to indicate completion of the task the participant
is petting the robot’s hand.

Table 1: The custom-built questionnaire of Experiment 1.

Fake 1 2 3 4 5 Natural
Not pleasant 1 2 3 4 5 Pleasant
Machine like 1 2 3 4 5 Human like
I didn’t like the robot 1 2 3 4 5 I liked the robot
Unconscious 1 2 3 4 5 Conscious
Artificial 1 2 3 4 5 Alive
Apathetic 1 2 3 4 5 Responsive
Unfriendly 1 2 3 4 5 Friendly
Incompetent 1 2 3 4 5 Competent
Unintelligent 1 2 3 4 5 Intelligent
Not nice to relate to 1 2 3 4 5 Nice to relate to
Unpleasant interaction 1 2 3 4 5 Pleasant interaction

interaction (robot hand versus tablet) but alsowhether the
embodiment of the robot affected their preferences.

2.4.1 Participants

A total of 40 participants were recruited for this experi-
ment: 20 young university students (24.7±2.2 years old, 10
females) and 20 old adults (69.4±5.6 years old, 10 females).

2.4.2 Procedure

We investigated the difference in the preferences of young
and old adults when interacting with a robot versus with a
computer screen. For the SCREEN condition, we used an
LCD screen and a computer keyboard placed on a stan-
dard table. The 42-inch screen was placed on the wall in

front of the table approximately 1 m from the table. Partic-
ipants were asked to play the cup game as was described
for Experiment 1. Ten games with one system were fol-
lowed by ten games with the other system for a total of
400 trials with each system. Half of the participants in
each age group started with the SCREEN condition, and
half with the ROBOT. Before starting to playwith the robot,
each participant had two practice trials. As in Experiment
1, when the participants were playing with the robot and
upon completion of the task, they were asked to touch the
robot’s chest tablet in five of the ten games and to pet its
hand in the other five games . The order was blocked and
counter-balanced across participants. When the partici-
pants were playing in the SCREEN condition, they had to
press the space key on the keyboard when they finished
organizing the cups. The feedback on performance in the
SCREENconditionwasdisplayed as text on the screenwith
no voice feedback. The picture with the target order of the
colored cups was displayed on either the screen or the
robot’s chest tablet for 6-8 seconds. In the ROBOT condi-
tion, we used the camera embedded in the robot together
with a custom-built image-processing algorithm to decide
whether the participant arranged the cups correctly. The
robot’s camera captured the cups ordered on the table.
The image was passed to the image-processing algorithm
that outputs the order of the placed cups. This output
was compared to the correct order automatically and au-
tonomously, to determine whether the trial was success-
ful or not. The robot then gave feedback to the users on
whether they succeeded or failed. In the SCREEN condi-
tion, we employed a WOZ paradigm for determining suc-
cess oneach trial. InExperiment 2,whenparticipants com-
pleted three sequential successful trials, they automati-
cally continued to the next level (more cups).

2.4.3 Questionnaire

At the end of the experiment, the participants completed
an open-ended custom-built questionnaire (see Table 2)
regarding their preferences and their perception of the in-
teraction and the game. They were asked what condition
they preferred andwhy, andwhat would be their preferred
system if they had to play two more games, or ten more
games. In addition, they were asked what system they
would like to take home with them. We used an open-
ended custom-made questionnaire in order to understand
the nature of the differences in preferences of the two age
group for further future research.
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Table 2: The open-ended custom-built questionnaire of Experiment 2.

Describe your experience from the game. What was good? What would you improve?
What did you think about the robot?
If you had to play two more games-which system would you prefer (ROBOT/SCREEN)? Why?
If you had to play ten more games-which system would you prefer? Why?
What system did you prefer? Why?
If you could take one system home, what system would you take? Why?
Did you prefer petting the robot’s hand or touching its screen? Why?

3 Data analysis and results
Statistical analysis was performed using the SPSS Statis-
tics toolbox (version 25).

3.1 Experiment 1

3.1.1 Petting the hand or touching the screen

We used the Chi squared test to compare the preference
of petting the hand versus touching the tablet screen be-
tween the two groups. There was no difference between
old adults and young adults in their preferences for touch-
ing the robot’s tablet or petting its hand. We found a non-
significant preference for touching the robot’s hand versus
its chest tablet (70%preferred thehand inbothagegroups,
p=0.115). Those who preferred to pet its handmentioned it
felt more "human-like" and "intimate" to them. Thosewho
preferred to touch the chest tablet noted it was a more fa-
miliar way for them to interact, as they touch the screens
of other technological devices.

3.1.2 Preferences of the interaction with the robot

All participants rated the robot high on the 5-point Likert-
scale. They reported they liked the robot (5.0±0.0 in the
older group versus 4.0±1.3 in the young group), they found
it friendly (4.8±0.4 versus 4.6±0.7 respectively) and capable
(4.2±1.3 versus 4.0±1.2 respectively). In order tounderstand
the differences in perception of the robot between the two
age groups, as was measured by the Likert-scale question-
naire, we performed the Mann-Whitney rank-sum test for
independent samples. Older adults found the robot more
human-like than the younger adults (4.0±0.9 in the older
group, 2.8±1.1 in the young group, p=0.029, U=22); They
liked it more (5.0±0.0, 4±1.3 respectively, p=0.013, U=25)
and found it more responsive (4.8±0.6, 4±1.1 respectively,

p=0.033, U=26). In the other parameters there were no sig-
nificant differences between the two age-groups.

3.1.3 Performance on the cup game

All participants reported they enjoyed the game. The older
adults reported they found the game challenging espe-
cially because of the memory and speed requirements of
the game. All participants chose to continue to the next
level when first asked and not to stay at the same level
of game. All participants played two games at the basic
level (four cups), four games at the second level (five cups)
and six games at the advanced level (six cups). Success
rates were higher among the young (87.5%) than the older
adults (72.5%). Only two older participants succeeded on
all twelve trials compared to five participants in the young
group. Most failed trails occurred when a cup was added
in the transition from level one to level two and from level
two to level three. The mean time per trial from the time
the picture was displayed until the participant was touch-
ing the screen or petting the robot’s hand was 15.1 seconds
(±1.7) for the older participants and 13.3 seconds (±3.8) for
the young adults. In order to test the difference between
the two age-groups in the time it took them to complete
the task, we used the Mann-Whitney U test for indepen-
dent samples. There was no significant difference between
the two age groups in the time it took them to complete
the task (p=0.123). The mean time for seven out of the ten
young participants was shorter than 12.0 seconds and for
the other three it was an average of 17.0-19.7 seconds.

3.2 Experiment 2

3.2.1 Robot versus screen

In order to test whether participants preferred the ROBOT
condition or the SCREEN condition and the difference be-
tween the two age-group in this preference, we used the
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Chi-Squared test. We found a significant preference for in-
teracting with a ROBOT over a SCREEN (p<0.001), despite
the slower response time of the robotic setup.

80% of the young adults and 50% of the older adults
reported theyprefer playingwith the robot versus 20%and
35%, respectively, who preferred the SCREEN condition.
The other participants had no preference. All of the results
are summarized in Figure 4. We found a non-significant
effect of age on this preference (ROBOT versus SCREEN,
p=0.053). There was a stronger preference for the ROBOT
over the SCREEN in the young group (p < 0.0001) versus
the older group (p = 0.157).

90% of the young adults and 75% of the older adults
stated they would like to take the robot to their home.
The responses to the open-ended questionnaire reveal
that participants found the robot more engaging than the
screen. The participants reported the robot was "more in-
teresting to play with"; "the interaction with the robot was
more human-like"; "it was nice to receive real feedback
from the robot and not just a written feedback from a com-
puter screen".

Figure 4: A summary of the preferences of both age groups in Ex-
periment 2: robot, screen or no preference. Results are shown as
percentage of each group.

3.2.2 Petting the hand or touching the screen

45% of the young adults and 60% of the older adults pre-
ferred petting the robot’s hand versus 40% and 30%, re-
spectively, who preferred touching the robot’s tablet in or-
der to indicate the end of the trial. The rest of the partic-
ipants had no preference. We found a significant prefer-
ence for touching the robot’s hand versus its chest tablet
(p=0.008) when tested across all subjects. The young

group did not show a significant preference for hand ver-
sus tablet (p=0.212), whereas the older group did show a
significant preference for touching the robot’s hand (p =
0.022). See Figure 5.

As in Experiment 1, participants who preferred touch-
ing the robot’s hand mentioned it felt more "human-like",
whereas participants who preferred touching the robot’s
screen mentioned it was more similar to other familiar in-
teractions with technology in everyday use.

Figure 5: Summary of the results of Experiment 2: preference of
petting the robot’s hand or touching its tablet in order to indicate
completion of the task. The results are presented as percentage of
each group.

3.2.3 Performance on the cup game

The overall success rate was 83% for the older adults
and 93% for the young adults. The success rate in the
ROBOT condition was 84% and in the SCREEN condition
it was 92%. In the ROBOT condition, the young group
successfully completed, on average, 9.2 (±0.8) trials, and
the older group completed, on average, 7.6 (±1.6) trials. In
the SCREEN condition, the young group successfully com-
pleted, on average, 9.5 (±0.8) trials, and the older group
completed, on average, 9.0 (±1.1) trials. The difference be-
tween the two age-groups in their performance in the two
conditions was tested using the Mann-Whitney U test. In
the ROBOT condition we found a significance difference
between the two age-groups (p<0.0001), while no signif-
icant difference was found between the two age-groups in
their performance in the SCREEN condition.

In order to test the correlation between the perfor-
mance on the cup game in either condition (SCREEN ver-
sus ROBOT) and the preferred system, we used the Spear-
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man correlation test. No correlation was found between
the performance of the task in either system and the pre-
ferred system (ROBOT or SCREEN) for both age-groups.

In order to test the difference between the two groups
in the time it took them to complete the task in the second
experiment,weused the one sample t-test for independent
variables. The average time per game with the robot was
11.0 seconds (±0.9 s.) for the young adults and 13.3 seconds
(±2.2 s.) for the older adults. The average time per game
with the computer SCREENwas 8.1 seconds (±1.4 s.) for the
older adults and 6.5 seconds (±1.0 s.) for the young adults.
In both conditions (ROBOT/SCREEN), younger adults com-
pleted the tasks significantly faster than the older adults
(p<0.001). Time to complete the task in the ROBOT condi-
tion was slower than in the SCREEN condition for both age
groups (p<0.0001).

4 Discussion
The aim of these two sequential experiments was to in-
vestigate the differences between young and old adults in
their preferences, perceptions, and performance when in-
teracting with a humanoid robot (Experiments 1 and 2), to
compare these preferences to the interaction with a com-
puter screen (Experiment 2), and to test what factors influ-
ence these preferences.

In both experiments, both old and young adults re-
ported that they found the robot engaging, that they en-
joyed the interaction, and that they would like to be in
further interaction with the robot. In the second experi-
ment, when the robot was compared to a screen, we found
a significant preference for interacting with a robot over a
screen in the young group (p<0.001). Both groups reported
they enjoyed the novel experience of an interaction with
a robot. The differences in the preferences between both
conditions in the different age groups are discussed below.
One of the reasons for this difference could be due to the
slow response time of the robot in the second experiment.
The response time of the robot when using the image pro-
cessing algorithm was slower compared to the response
time of the computer where we used the WOZ paradigm.
The participants responses emphasize the gap between
the expectations of users when encountering such a novel
human-like robot such as the Pepper robot and its actual
performance, i.e., slow response time. Lohse [14] referred
to the notion that what users expect of a robot strongly in-
fluences their ratings of the interaction. If the robot sat-
isfies the expectations, the users are usually pleased. If
not, their experience of the interaction is negative. In her

work, Lohse found that it was the performance of the robot
and not its social behavior which was the cause for the
gap between the user’s expectations and the actual per-
formance of the robot. When comparing the time to com-
plete the task between both experiments, we see that the
mean time to complete the task in the first experiment was
slower than the mean time to complete the same task in
the ROBOT condition in the second experiment. This could
be due to the fact that in the first experiment the picture
was displayed on the robot’s screen for a longer time (8-10
seconds) than in the second experiment (6-8 seconds). In
the second experiment, where the picture disappeared af-
ter less time, the participant completed each trial in less
time.

Comito et al. [15] referred to the characteristics of the
interaction with Nao and Pepper - robots with a human-
like face. They mentioned the lack of fluency in commu-
nication between the robot and the participant because
of the rather slow response time of the robot. In our first
experiment, we partially overcame it by using the WOZ
paradigm as it was the wizard, and not the robot, making
the decision on how to respond. In the second experiment,
the robot was an autonomous system and for the SCREEN
condition, we used the WOZ paradigm, which was indeed
faster than the robot responses. Despite the longer time it
took the robot to respond, both old and young adults pre-
ferred the interactionwith the robot over the interactionwith
the screen. Even participants that preferred the SCREEN
condition, mentioned that if the robot’s responses would
have been faster, they would prefer the ROBOT condition
since they found it more "fun", "human-like" and "engag-
ing". Yet, this preference could be due to the novelty ef-
fect of the interaction with the robot and the game; an ef-
fect that should be further investigated. Koay et al. [16] in a
fiveweeks longitudinal interactionwith a humanoid robot
showed that there is a habituation effect to the robot. In
contrast, in a review conducted by Leite et al. [17] they de-
scribe different longitudinal interactionswith a humanoid
robot in therapeutic or health-related scenarios. In all of
the studies that they described, the longitudinal inter-
action had a positive and accumulative effect. However,
there was a single study per population group (e.g., older
adults, children with autism) and each had a limited sam-
ple size. Larger studies are needed to establish the effect of
a long-term interaction with a humanoid robot.

The relatively high ratings that the participants gave to
the interaction with the robot can stem, in part, from the
expressive gestures that the Pepper robot used in the in-
teraction. Participants in both experiments reported they
liked the gestures of the robot. This was emphasized when
the ROBOT condition was compared to a SCREEN. Par-
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ticipants in the second experiment mentioned they pre-
ferred the human-like physical feedback of the robot over
the written feedback which was shown only as text on
the computer screen. These findings are in line with for-
mer studies. Chidambaramet al. [18] demonstrated a robot
was significantly more persuasive when it used gestures.
Hand gestures have been found to improve user ratings for
robots on scales such as likeability and intention for future
contact in a number of studies [18–21].

We asked what people preferred not only when the
screen was separate from the robot (embodiment as
robotic physical presence), but also when a screen was
part of the robot’s body. Embodiment as the way the per-
son relates to the robot, is the interaction similar to that
performed with a technological device, like a tablet, or
similar to how one interacts with another human, like
touching their hand. We also tested the effects of age on
these preferences.

We found in Experiment 1 that both young and old
adults preferred petting the robot’s hand and not touch-
ing its tablet. This was more emphasized in the older age
group in the second experiment (p=0.022), as they found
this interactionmore human-like and intimate. The results
showing that participants preferred to touch the robot in
a human-like fashion (touching its hand versus its tablet)
are in linewith those of Adalgeirsson andBreazeal [22] and
with those of Mamode et al. [23] who found that embodi-
ment leads to stronger social engagement than a screen.
Mann et al. also found that people preferred interaction
with a robot more than an interaction with a tablet [24].
They mentioned participants found the robot was more
enjoyable to interact with than the computer tablet, and
reported higher desire to interact with the robot again in
the future [24]. Lee et al. compared an interaction with
an embodied robot to a virtual robot and also found that
people evaluate a physically embodied social agent more
positively than a disembodied social agent [25]. They con-
cluded that physical embodiment has an added value for
people’s social interaction with agents, however, physical
embodiment with no possibility of tactile interaction de-
creases an agent’s social presence [25].

A question that should be asked is why the prefer-
ence of petting the robot’s hand was more pronounced
in the older group and why they felt this interaction was
more human-like. We posit that the characteristics of the
older age underlie these preferences. Older people tend
to be more lonely [25]. Loneliness is accompanied by lack
of physical interaction and communication. Touch, par-
ticularly with another person, is central in building the
foundations of social interaction, attachment, and cogni-
tion, and early social touch has unique, beneficial, neuro-

physiological and epigenetic effects [26]. Lee et al. showed
that the more a person feels lonely, the more the person
feels social presence when physically interacting with a
social agent [25]. Thus, further studies on the importance
of touch interaction and the effect of physical interaction
with a robot, especially in the older population, are neces-
sary.

In both experiments, the older adults found the game
more challenging due to the memory and speed compo-
nents of the game. Even though older adults noted that the
short display time of the image on the robot’s tablet was
challenging for them,when they perceived the subsequent
response time of the robot to be too slow, it diminished
from the success of the interaction. Mead & Mataric [27]
noted that when interacting with a robot, it is important
for the interaction to succeed. They found that robot per-
formance factors—rather than human-robot proxemics—
are significant predictors of user evaluations of the robot’s
competence, anthropomorphism, engagement, likability,
and technology adoption [27]. Trust is also a central condi-
tion for successful interactions between patients and SARs
in a rehabilitation context. Kellmeyer et al. proposed that
safety, shared intentionality, predictability of behavior,
and mutual attunement are particularly salient prerequi-
sites for establishing trust between humans and SARs [28].
It may be that when a robot performs slower than ex-
pected, it diminishes from the trust that is generated with
the human participant. In Experiment 2 of the current
study, older participants mainly noted the following fac-
tors as affecting their preferences: (1) The slow response
time of the robot compared to the computer; (2) The bigger
size of the computer screen compared to the robot’s tablet
screen onwhich itwas easier to see the images; and (3) The
bigger size of the table in the SCREEN condition compared
to the narrow table in the ROBOT condition on which it
was easier to place the cups as less attention and accuracy
were required to make sure the cups do not fall off the ta-
ble. None of the young adults mentioned the experimental
set up as a factor influencing their preferences, but some
of them did mention the slow response time as a factor in-
fluencing their preferred system when asked about a lon-
gitudinal interaction. In the work by Eizicovits et al. [29]
they found that slower response time of the robotic sys-
tem compared to the computer-controlled one negatively
affected the young group’s motivation to continue playing
but not that of the older group. The difference between the
responses of the older group in that study and the current
one highlights the importance of personalizing the design
of HRI and tailoring it to the specific task. Personalization
of the task was also discussed by Kashi & Levy-Tzedek in a
mirror game task with a robot. In their work they demon-
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strated individual differences in preferences of different
users when interacting with the robot [30]. When design-
ing an intervention for the older population, factors such
as the distance from the robot, the size of the screen, and
the reaction time of the system can influence the success
of the interaction and people’s evaluation of the robot and
should be taken into consideration. The response time of
the robot should be faster and correlate to the characteris-
tics and the pace of the interaction and of the task in order
to gain the user’s trust and improve their perception and
feelings of engagement. This is highly important in vulner-
able populations such as older adults or stroke survivors
where robots can assist in maintaining a training regime,
and it is important for users to experience success of the
interaction in order to persist with the training. In conclu-
sion, in order for the experience of the user to be positive,
it is important to personalize the interaction according to
the age, the needs of the user, the characteristics, and the
pace of the task. From these two experiments, we learned
that humanoid robots are well received by different age
groups, and preferred over a non-embodied system, de-
spite a slower response time. Yet, there are characteristics
of each age-group that do influence the interaction with
humanoid robots. These differences should be further in-
vestigated and taken into consideration when designing
interactions with a humanoid robot.

A limitation of the second experiment is that therewas
a difference in the response time of the two experimen-
tal setups that participants reported to affect their pref-
erences. And yet, despite the slower response time of the
robotic system, it was preferred by both age groups, sug-
gesting that equal response times would lead to an even
larger preference for the embodied robot. Further research
is needed to investigate these questions.

5 Conclusions
We showed in our study that there are differences between
old and young adults in their perceptions and preferences
regarding the interaction with humanoid robots. Both age
groups enjoyed the interaction with the human-like robot,
but in order for this interaction to be evenmore successful,
the response time of the robot should be shorter. Further
research is needed to test the preferences of different pop-
ulations when interacting with humanoid robots and to
investigate the effect of longitudinal interaction on these
preferences.
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