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Abstract
The use of robotic technology in healthcare is increasing. The aim was to explore attitudes toward the use of humanoid robots 
in healthcare among patients, relatives, care professionals, school actors and other relevant actors in healthcare and to analyze 
the associations between participants’ background variables and attitudes. The data were collected through a cross-sectional 
survey (N = 264) in 2018 where participants met a humanoid robot. The survey was comprised of background variables 
and items from a modified Robot Attitude Scale. Multiple linear regression analysis and Spearman’s Rho correlation were 
used to analyze associations between variables. Most of the participants were positive toward the use of humanoid robots 
in healthcare and only a few were negative. Attitudes toward the use of humanoid robots were more positive among other 
relevant actors, such as service personnel and politicians in healthcare, participants with a higher educational level and older 
adults. More research is needed on the reasons underlying negative attitudes because these might affect the introduction of 
humanoid robots in healthcare. A careful evaluation of appropriate first target groups as well as which tasks are appropriate 
for humanoid robots to perform in healthcare are needed.
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Abbreviation
RAS	� Robot Attitude Scale

1  Introduction

As an answer to the rising workload and costs in healthcare, 
use of robot technology is increasing in the field (Dahl and 
Boulos 2013). Robot technology looks promising in meet-
ing challenges such as the increase of the aging population 
and the decrease in number of care professionals (McGee-
Lennon et al. 2011; Zsiga et al. 2013; Baer et al. 2014). To 
gain a deeper understanding of the use of robot technology 
in healthcare, we investigated attitudes toward a specific 
robot solution: humanoid robots, which are robots designed 

to look, behave or interact in a “human-like” manner (Azeta 
et al. 2018; Kyrarini et al. 2021; Winfield 2012) as well as 
perform basic human movements (Brunda et al. 2020). With 
their multi-flexible functions, humanoid robots have been 
used to, e.g., assist patients with reminders about medication 
(Doering et al. 2015), educate about diet adherence or walk 
with patients (Ishiguro et al. 2016). The use of humanoid 
robots in healthcare is a much-contested phenomenon, with 
mixed attitudes and acceptance seen in earlier studies. To 
date, there are only a few studies specifically investigating 
attitudes toward humanoid robots. Earlier studies (Pripfl 
et al. 2016; Papadopoulus et al. 2018) have found that both 
patients and care professionals generally accept and under-
stand the benefits of using humanoid robots. Pripfl et al. 
(2016) investigated challenges such as errors in humanoid 
robots’ functions that could lead to frustration and whether 
usability was negatively influenced by humanoid robots’ lack 
of robustness. Papadopoulus et al. (2018) reported that care 
professionals were concerned with issues such as patient 
safety and privacy in healthcare when using humanoid 
robots or animal-like robots.

Individual and cultural differences such as gender (Kuo 
et al. 2009) or earlier experiences with robots (Heerink 
2011) might play a considerable role in attitudes toward 
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robots. Kuo et al. (2009) found that younger adults, men and 
those with a higher educational level showed a more positive 
attitude toward social assistive robots than older persons, 
women and those with a lower education. In other studies, 
patients were more likely to have a more positive attitude 
toward healthcare robots than care professionals (Broadbent 
et al. 2012) and showed a significantly more positive atti-
tude toward such robots (Broadbent et al. 2010). In another 
study (Giusti and Marti 2006), robot-related features were 
seen to possibly positively influence older persons’ atti-
tudes toward accepting technology. Alaid and Zhou (2014) 
found that nurses appreciated using home healthcare robots 
in tasks that required social interaction but that they also 
expressed ethical and privacy concerns with using robots. 
In another study, nurses were found to not support the use 
of humanoid robots in healthcare (Ito et al. 2015). None of 
the aforementioned studies included a focus on humanoid 
robots, and overall only a few studies have included such a 
specific focus. Some studies have included robot prototypes 
(Nomura et al. 2012, 2015), while in others the robots were 
not tested in real-life situations (Heerink 2011; Alaid and 
Zhou 2014). Given that the development and implementa-
tion of humanoid robots in healthcare is advancing, it is of 
interest to study a broader scope of attitudes toward human-
oid robots, including the background variables that might 
affect attitudes, either positively or negatively. In this study, 
we sought to reveal the range of attitudes that may exist.

2 � Aim and research questions

The aim of this study was to explore attitudes toward the 
use of humanoid robots in healthcare among patients, rela-
tives, care professionals, school actors and other relevant 
actors in the healthcare field and to analyze the associations 
between participants’ background variables and attitudes. 
The research questions were: (1) What are the attitudes 
toward the use of humanoid robots in healthcare, and (2) 
What are the associations between participants’ background 
variables and their attitudes?

3 � Material and methods

3.1 � Study design and setting

This study had a cross-sectional descriptive design and was 
conducted in Finland in November and December 2018. It 
was performed in compliance with the ethical principles 
delineated by the Finnish National Board on Research Integ-
rity (2002). To include a broader perspective in the study, we 
recruited persons visiting or working at a hospital, such as; 
patients, relatives, care professionals, school actors and other 

relevant actors in the healthcare field (i.e. service personnel 
and politicians). We also recruited conference delegates vis-
iting a caring conference, which included care professionals 
and other relevant actors in healthcare. A notice about the 
study, including information about the study, was placed on 
the website of the hospital included in the study and in a 
newsletter for the conference. The recruitment consisted of 
the random selection of participants, where all working at 
or visiting the hospital, or attending the conference were 
given the opportunity to participate during the time of data 
collection. The study sample consisted of 264 participants.

The Pepper humanoid robot was used in this study; it 
can be used for interaction, rehabilitation and to support 
everyday-life (SoftBank Robotics 2017). During data col-
lection, the humanoid robot was stationed in a lobby at 
either the hospital or the conference center, with the aim 
to provide interaction. Depending on how much time the 
participants had (e.g., appointment with a care professional, 
lunchbreak), each participant met the humanoid robot for 
15–30 min. The participants were asked to actively interact 
with the humanoid robot, both alone and in small groups. 
The participants were given a list of suggested questions and 
sentences, which facilitated interaction with the humanoid 
robot. The humanoid robot had the following functionali-
ties: greeting the participants in three languages (Finnish, 
Swedish or English), answering basic questions about time, 
weather, etc., playing music and interactive games, perform-
ing dances and singing. Furthermore, the humanoid robot 
interacted with the participants by walking toward them and 
initiating a discussion. The function of the humanoid robot 
depended on both its status as well as the participants’ own 
preferences. All participants were asked to fill in a paper 
survey (conducted in either Finnish, Swedish or English) on 
a voluntary basis, immediately after the interaction.

3.2 � Measures

3.2.1 � The Robot Attitude Scale

The paper survey was comprised of items from the Robot 
Attitude Scale (RAS) and background variables, i.e., soci-
odemographic variables and information about earlier expe-
riences with humanoid robots. Developed by Broadbent 
et al. (2009), the RAS is used to measure attitudes toward 
robots and has been investigated in previous healthcare 
settings (Broadbent et al. 2009, 2010, 2012; Stafford et al. 
2014). The RAS was used here to investigate participants’ 
attitudes toward the use of humanoid robots in healthcare. 
The original RAS consists of 11 items where positive and 
negative assumptions are weighed against one another, such 
as friendly–unfriendly, useful–useless, trustworthy–untrust-
worthy, strong–fragile, interesting–boring, advanced–basic, 
easy to use–hard to use, reliable–unreliable, safe–dangerous, 
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simple–complicated, and helpful-unhelpful, with scores 
from 1 to 8. A low score indicates a more positive attitude, 
while a high score indicates a more negative attitude. After 
discussion with the original developers of the scale (Broad-
bent et al. 2009), approval was given to modify the original 
RAS with the aim to minimize participant burden. All 11 
items from the original RAS were included in the modified 
version used here, called the RAS-5, but the scores were 
shortened from 1–8 to 1–5. That is to say, the original RAS 
included, e.g., the item friendly-unfriendly with scores from 
1 to 8, while the modified RAS-5 also included the item 
friendly-unfriendly but with scores from 1 to 5. A partici-
pant’s RAS-5 score was calculated as an average of all his/
her ratings (1–5) for all individual items. Permission was 
also granted for linguistic modification of the instrument; 
the original RAS was translated from the English language 
into both the Swedish and Finnish languages.

To achieve equivalence between the various language 
versions of the instrument (Sperber 2004), the guidelines 
for the Process of Cross-Cultural Adaption and validation 
by Beaton et al. (2000) were used. The validation process 
included six stages: translation, synthesis, back transla-
tion, expert committee review, pretesting, submission and 
appraisal of all written reports (Table 2). In stage one, four 
translators were used to translate the instrument into the 
target languages: two whose first language is the Swedish 
language, two whose first language is the Finnish language. 
These translators each produced a written report of the com-
pleted translation. Per language, one translator was aware 
of the study concept (informed), while the other was not 
(uninformed). In stage two, all four translators worked with 
the study’s first author (NN) to synthesize the translation 
results. Together, one common translation per language was 

produced (T-12, T-34). In stage three, two translators whose 
first language is the English language performed back-
translations; neither were aware of the study concept (unin-
formed). Working from the T-12 and T-34 translations, two 
back-translations per language were produced (BT1, BT2, 
BT3, BT4). In stage four, an expert committee composed of 
four persons reviewed all reports and translations (T1, T2, 
T3, T4 and BT1, BT2, BT3, BT4) and reached a consensus 
of synthesis, yielding a pre-final version of the RAS-5 for 
pretesting. In stage five, pretesting and adaption of the sur-
vey occurred, and in stage six the newly translated survey 
was approved.

A total of 34 persons of various ages and nursing experi-
ence tested the RAS-5 for comprehensibility. Both language 
versions of the survey were considered to retain equivalence 
in the applied test situations and, consequently, constitute 
reasonable translations. Whenever an instrument is trans-
lated and used in a new context, its reliability should be 
tested (Pallant 2011). Cronbach’s Alpha was used to test 
the internal consistency of the RAS-5, estimated as 0.87 
(Table 1).

3.2.2 � Background variables

The background variables were: Participant group (patients, 
relatives, care professionals, healthcare students, PhD stu-
dents or researchers in healthcare, healthcare teachers, 
other relevant actors in healthcare), Gender (woman/man/
other), Age (15–19, 20–29, 30–39, 40–49, 50–59, 60–69, 
70–79, 80+ years), Mother language (Swedish/Finnish/Eng-
lish/Other), Educational level (basic education, vocational 
school, higher secondary vocational school. high school, 
university of applied sciences, university), Read/heard (yes/

Table 1   Recommended stages 
of cross-cultural adaption

Two translations from English into Swedish language (T1, T2)

Two translations from English into Finnish language (T3, T4)

One informed + one uninformed translator per language

Synthesize T1 & T2 into T-12

Synthesize T3 & T4 into T-34

Resolve discrepancies with translators’ reports

Two translators with English as mother language

Work from T-12 and T-34 versions

Create two back-translations per language (BT1, BT2, BT3, BT4)

Review all reports

Reach consensus on synthesis

Create a pre-final version

N=34

Complete survey (pilot-testing with small sample) 

Investigate to get understanding of items

Stage I:

Translation

Stage II:

Synthesis

Stage III:

Back 
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Stage IV:

Expert 

committee 

review

Stage V:

Pretesting
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no, have you read/heard about humanoid robots before), and 
Have met (yes/no, have you met a humanoid robot before).

Prior to analyses, some background variables were 
dichotomized. The participant groups were reclassified as 
Patients, Relatives, Care professionals (care professionals 
and physicians became Care professionals, due to similar 
context), School actors (students, PhD students, researchers, 
teachers in healthcare became School actors, due to similar 
context) and Other (other relevant actors in healthcare). Gen-
der was reclassified as woman/man (no gender type other 
was seen). Age was reclassified as 15–19, 20–29, 30–39, 
40–49, 50–59, 60–69, 70–79, 80–89 (no participant over 
90 years old was seen). Mother language was reclassified 
as Swedish/Finnish/Other (English and other were merged 
into Other due to low amount in each category). Educational 
level was reclassified as lower/higher (due to small amount 
in each level; categories from higher secondary vocational 
school upward were included in higher, with the remainder 
in lower).

3.3 � Statistical analyses

Categorical variables were presented as frequencies and per-
centages. RAS-5 scores were reported with mean, median 

and standard deviation and in some instances with 95% con-
fidence intervals. Differences in mean RAS-5 scores between 
background variables were analyzed with a T test of inde-
pendent samples when comparing two classes and with one-
way ANOVA when comparing three or more classes. When 
using one-way ANOVA to compare the means of RAS-5 
items, post-hoc comparisons were also performed with the 
Scheffe test. To analyze the association between background 
variables and RAS-5 score, multiple linear regression analy-
sis was used. Age was an ordered scale variable with all 
eight classes one decade in size, except for the first class 
which was 15–19 years. Accordingly, age was treated as a 
quantitative variable, with a unit of one decade. The assump-
tions of multiple linear regression were tested and fulfilled: 
the variance of residuals was homogenous, their distribu-
tion was normal and there was no correlation between them, 
and there was no significant multicollinearity. However, the 
relationship between the RAS-5 score and age was not com-
pletely linear. Preliminary analysis was also performed with 
ANCOVA, using identical variables as in multiple linear 
regression analysis to test all pairwise interactions. None 
were found to be statistically significant. Consequently, a 
multiple linear regression analysis method was used for all 
further regression analyses. The association between the 

Table 2   Descriptive statistics of other background variables in participant groups

*n denotes the sub-sample size
**Care professionals including physicians
***Students, PhD students, researchers and teachers in healthcare
****Other relevant actors in healthcare

Participant group Patients Relatives Care professionals** School actors *** Other**** Total

n* (%) 27 (10.2%) 20 (7.6%) 67 (25.4%) 75 (28.4%) 75 (28.4%) 264 (100%)

Gender Woman 14 12 60 70 58 214
Man 13 8 7 5 17 50

Age 15–19 – 1 – 2 1 4
20–29 3 – 11 16 7 37
30–39 1 6 10 25 7 49
40–49 1 2 19 19 17 58
50–59 5 2 22 12 32 73
60–69 6 3 4 1 7 21
70–79 9 5 1 – 3 18
80–89 2 1 – – 1 4

Language Swedish 14 13 41 37 45 150
Finnish 12 6 21 31 29 99
Other 1 1 5 7 1 15

Education Lower 13 9 13 29 15 79
Higher 12 10 51 46 60 179

Read/heard Yes 13 15 54 69 62 213
No 11 4 11 6 12 44

Have met Yes 1 – 10 17 15 43
No 23 20 55 58 60 216
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background variables and dichotomized RAS-5 was also 
analyzed with Spearman’s Rho correlation analysis. All the 
variables for the category Participant group were dummy 
coded. The variable age was dichotomized into groups of 
15–49 and 50 or over, due to equal numbers of participants 
in each group. Accordingly, all background variables were 
dichotomous in the correlation analysis. The mean RAS-5 
score of 2.3806 was chosen as the cut-off level for dichoto-
mization. Two-tailed analyses were conducted and statistical 
significance was set at P values below 0.05. All data were 
analyzed with SPSS Statistics version 25 (IBM Corporation, 
Armonk, NY, USA).

4 � Results

4.1 � Participant characteristics

An overall description of participants’ background vari-
ables is presented in Table 2. There was a total of 264 par-
ticipants, and the clear majority were women (81%). Most 
were 15–49 years of age (56%), had Swedish as their mother 
language (57%), had a higher education (69%), or had read/
heard about humanoid robots before (83%). Only a few had 
met a humanoid robot before (17%).

4.2 � Overall RAS‑5 results

Total frequencies (%) of the 11 RAS-5 items with scores 
from 1 to 5 were: score 1, 613 ratings (21.3%); score 2, 940 
ratings (32.7%); score 3, 997 ratings (34.7%); score 4, 257 

ratings (8.9%); score 5, 66 ratings (2.3%). This indicates that 
most of the participants had mainly positive attitudes toward 
most RAS-5 items and thus the use of humanoid robots in 
healthcare. The one-way ANOVA and post-hoc compari-
sons with the Scheffe test indicated that the mean score of 
individual RAS-5 items did not differ significantly between 
items, presented in Table 3. Nevertheless, the items Inter-
esting-boring and Friendly-unfriendly had the lowest mean 
scores, indicating that the participants had a rather positive 
attitude toward the humanoid robot and considered it to be 
interesting and friendly. The item Interesting had a mean 
score of 1.72 (95% CI, 1.61 to 1.84) and the item Friendly a 
mean score of 1.92 (95% CI, 1.81 to 2.04). All other items’ 
mean scores were above these two items’ 95% CI.

4.3 � RAS‑5 score according to background variables

RAS-5 scores of background variables are presented in 
Table 4. For the variable Participant group, patients had a 
higher score. For Gender, women had a higher score. For 
Age, the 30–39 age class had a higher score. For Mother 
language, those with Finnish as their mother language had 
a higher score. For Educational level, those with a lower 
educational level had a higher score. With regard to ear-
lier experiences, in Read/heard and Have met, those who 
previously had not done either of those things had a higher 
score. Higher scores suggest a more negative attitude toward 
the use of humanoid robots in healthcare. For the Spear-
man’s rank correlation between dichotomous RAS-5 and 
background variables, when compared to all dummy coded 
participants, other relevant actors in healthcare (r = − 0.211, 

Table 3   Mean scores (SD) for individual RAS-5 items, by participant group

SD Standard deviation
RAS-5 scores: 1 = totally agree, 2 = agree, 3 = uncertain, 4 = disagree, 5 = totally disagree
*Students, PhD students, researchers and teachers in healthcare
**Other relevant actors in healthcare

Participant group
(n = 264)

Patients Relatives Care professionals School actors* Other** Mean RAS-5 
score for all 
items

Friendly–unfriendly 2.30 (1.03) 1.75 (0.78) 1.91 (0.95) 2.08 (1.02) 1.69 (0.87) 1.92 (0.96)
Useful–useless 2.85 (1.23) 1.90 (1.07) 2.35 (1.03) 2.37 (0.93) 1.99 (0.79) 2.27 (0.99)
Trustworthy–untrustworthy 2.78 (1.28) 2.53 (0.84) 2.65 (0.90) 2.76 (0.93) 2.41 (0.81) 2.62 (0.93)
Strong–fragile 2.91 (1.24) 2.58 (1.07) 2.41 (0.99) 2.80 (0.89) 2.42 (0.85) 2.59 (0.97)
Interesting–boring 2.11 (1.31) 1.85 (1.18) 1.66 (0.83) 1.79 (0.98) 1.55 (0.81) 1.72 (0.96)
Advanced–basic 2.37 (1.27) 2.20 (1.11) 2.31 (0.94) 2.68 (0.84) 2.32 (0.89) 2.42 (0.96)
Easy to use–hard to use 2.83 (1.07) 2.42 (0.84) 2.80 (0.92) 2.88 (0.84) 2.50 (0.88) 2.71 (0.90)
Reliable–unreliable 2.63 (1.24) 2.58 (0.90) 2.70 (0.78) 2.77 (0.85) 2.43 (0.79) 2.63 (0.87)
Safe–dangerous 2.41 (1.12) 2.16 (0.96) 2.50 (0.77) 2.45 (0.69) 2.47 (0.71) 2.44 (0.79)
Simple–complicated 3.08 (1.29) 2.63 (1.12) 2.55 (1.01) 2.91 (0.96) 2.56 (0.92) 2.71 (1.00)
Helpful–unhelpful 2.48 (1.31) 2.11 (0.94) 2.27 (0.95) 2.29 (0.94) 1.92 (0.82) 2.19 (0.97)
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p = 0.001) compared to patients and those with a higher 
education compared to those with a lower education 
(r = − 0.181, p = 0.004) had statistically significant correla-
tion. This indicates that other relevant actors in healthcare 
and those with a higher educational level were more likely 
to have positive attitudes toward humanoid robots.

The association of the RAS-5 score with the following 
background variables was additionally tested in regression 
analysis: Participant group, Age, Gender, Mother language, 
Educational level, Read/heard, Have met. Multiple linear 
regression models were created, where background variables 
predicted the RAS-5 score, presented in Table 5. A signifi-
cant association was found in Model 1 (F(11, 244) = 3.749, 
p = 0.000) when all variables were included, with an 
adjusted R2 of 0.106. In Model 2, the variable with the 

highest P-value was removed from the model in a stepwise 
manner, until only those variables with P < 0.05 remained in 
the model (Tabachnik and Fidell 2019). A statistically sig-
nificant regression model fit was also found in Model 2 (F(4, 
253) = 8.268, p = 0.000), with an adjusted R2 of 0.102. For 
the background variable Age, the RAS-5 value decreased 
0.067 for each increase of decade. For Other, the RAS-5 
value was 0.190 lower compared to patients. For those 
with a higher educational level, the RAS-5 value was 0.293 
lower compared to those with a lower educational level. For 
Mother language, the RAS-5 value for those with Finnish as 
their mother language was 0.240 higher compared to those 
with Swedish as their mother language.

5 � Discussion

We undertook a survey with the aim to describe attitudes 
toward the use of humanoid robots in healthcare. Our main 
finding was that most of the participants had mostly positive 
attitudes toward the use of humanoid robots in healthcare. 
In addition, other relevant actors in healthcare compared to 
patients, participants with a higher educational level com-
pared to participants with a lower educational level and 
older adults compared to younger adults were more likely 
to have a positive attitude toward the use of humanoid robots 
in healthcare. Through our analysis and determination of 
the associations between background variables and atti-
tudes among patients, relatives, care professionals, school 
actors and other relevant actors in healthcare, we add further 
knowledge to previous research on the subject (Pripfl et al. 
2016; Papadopoulus et al. 2018). As mentioned previously, 
given the lack of previous research on the topic, the dis-
tinctive characteristic of this study is its specific focus on 
humanoid robots.

We found that the humanoid robot used in our study, Pep-
per, was perceived to be both friendly and interesting. In 
accordance with an earlier study (Piezzo and Suzuki 2017), 
Pepper’s “cute” appearance might have positively influenced 
the participants during the one-time interaction seen here. 
We even found that most of the participants had more posi-
tive attitudes toward the use of humanoid robots in health-
care than neutral or negative attitudes. This is in line with a 
Eurobarometer report (2012), in which the majority of Euro-
pean Union citizens were found to have a positive view of 
robots. Nevertheless, we note that as part of the study under-
lying the Eurobarometer report (2012) participants were only 
shown pictures of robots; they did not engage with actual 
robots. Naneva et al. (2020) revealed that face-to-face inter-
action with a robot might generate more positive feelings 
toward both the robot one was interacting with and robots in 
general. The participants in this study also interacted face-
to-face with a humanoid robot, and our findings support that 

Table 4   Mean, median and SD of RAS-5 score in the categories for 
all background variables

SD  Standard deviation
*p < 0.05
**T test with two independent samples
***One-way ANOVA with three or more independent samples
****Students, PhD students, researchers and teachers in healthcare
*****Other relevant actors in healthcare

Mean Median SD P values

RAS-5 (n = 264) 2.38 2.36 0.64
Participant 

group
Patients 2.59* 2.6 1.78 0.002***
Relatives 2.24 2.27 1.76
Care profes-

sionals
2.36 2.45 0.74

School 
actors****

2.52 2.54 0.64

Other***** 2.2 2.21 0.61
Gender Woman 2.39 2.36 0.42 0.052**

Man 2.33 2.36 1.07
Age (in dec-

ades)
15–19 2.36 2.54 0.98 0.053***
20–29 2.5 2.45 0.61
30–39 2.59 2.54 0.58
40–49 2.31 2.27 0.58
50–59 2.31 2.27 0.67
60–69 2.2 2.18 0.56
70–79 2.39 2.52 0.72
80–89 1.75 1.41 1.03

Mother lan-
guage

Swedish 2.32 2.36 0.55 0.050***
Finnish 2.48 2.45 0.58
Other 2.32 2.36 0.65

Educational 
level

Lower 2.58* 2.54 0.81 0.004**
Higher 2.29 2.27 0.43

Read/heard Yes 2.35 2.36 0.41 0.074**
No 2.56 2.59 1.13

Have met Yes 2.18* 2.27 0.87 0.023**
No 2.43 2.45 0.43
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they experienced the interaction as being positive. Heerink 
(2011) also highlighted that previous experience with a 
robot can correlate with a positive attitude toward the use 
of robots. Most of the participants in our study had read or 
heard about humanoid robots before, but only a few had met 
a humanoid robot previously. We maintain that our find-
ings may be considered of interest, because of the physical 
(not theoretical) participant-humanoid robot interaction that 
formed the basis of our investigation. Despite the variation 
in the length of time spent on interaction seen in this study, 
our findings might be useful for developers in their further 
development of humanoid robot technology in healthcare.

Other relevant actors in healthcare, such as service per-
sonnel or politicians, had a 0.190 lower mean value in the 
RAS-5, indicating that compared to patients they are more 
likely to have a positive attitude toward the use of humanoid 
robots in healthcare. Even relatives had a 0.445 lower mean 
value in the RAS-5, indicating that compared to patients they 
also were more likely to have a positive attitude, although 
this was only significant in Model 1. These findings are not 
consistent with earlier research (Broadbent et al. 2012), in 
which patients were seen to be more likely than care pro-
fessionals to have a positive attitude toward healthcare 
robots. We note, however, that the participants in Broadbent 
et al.’s (2012) study had not physically met a robot before 

evaluation. To facilitate the successful implementation of 
humanoid robots into healthcare, a focus on patients’ mixed 
attitudes toward robots in healthcare should be investigated 
in future research, including how attitudes may change fol-
lowing regular physical contact. We even discern from our 
study findings that when implementing humanoid robots in 
healthcare vulnerable patient groups would appear to be an 
unsuitable first target group. In line with an earlier study 
(Kuo et al. 2009), we saw that the participants in this study 
who had a higher educational level, had a 0.293 lower mean 
value in the RAS-5, indicating that they are more likely to 
have a positive attitude toward the use of humanoid robots in 
healthcare than those with a lower educational level. Thus, 
those areas of healthcare where higher educational levels 
among personnel are more common might be a more suit-
able first target group when introducing humanoid robots. A 
careful evaluation of which patient groups can be considered 
suitable target groups for future studies as well as which 
tasks are appropriate for humanoid robots to perform in 
healthcare are needed. In addition, more research is needed 
on what influences other relevant actors’ positive attitudes 
toward the use of humanoid robots in healthcare.

Other researchers (Haring et al. 2014) have found that 
cultural differences might play a considerable role in 
influencing attitudes toward robots. We found significant 

Table 5   Linear regression analysis results of RAS-5 as an outcome variable and background variables as independent variables

Coefficients, their 95% CI and statistical significance are presented for two models
*In Model 1 adjusted R2 of .106, all background variables were included
**In Model 2 adjusted R2 of .102, only those background variables with a significant p value were included. CI  confidence interval for B
***p < 0.05
****Students, PhD students, researchers and teachers in healthcare
*****Other relevant actors in healthcare
Age was an ordered scale variable with all eight classes a decade in size, except the first class which was 15–19 years. Consequently, in this 
analysis, we treated age as a quantitative variable, with a unit of one decade

Model 1 (adj R2*) Model 2 (adj R2**)

Participant group
 Patients Reference 1 1
 Relatives vs. patients − 0.480 (− 0.852 to − 0.107)***
 Care professionals vs. patients − 0.287 (− 0.604 to 0.030)
 School actors**** vs. patients − 0.224 (− 0.552 to 0.105)
 Other***** vs. patients − 0.445 (− 0.747 to − 0.144)*** − 0.190 (− 0.358 to − 0.022)***

Gender Women vs. men − 0.022 (− 0.229 to 0.186)
Age (in decades) vs. a decade younger − 0.064 (− 0.122 to − 0.007)*** − 0.067 (− 0.117 to − 0.017)***
Mother language
 Swedish Reference 1 1
 Finnish vs. Swedish 0.187 (0.023 to 0.352)* 0.240 (0.082 to 0.397)***
 Other vs. Swedish − 0.034 (− 0.368 to 0.301)

Educational level Higher vs. lower − 0.223 (− 0.400 to − 0.046)*** − 0.293 (− 0.358 to − 0.022)***
Read/heard Yes vs. no − 0.081 (− 0.293 to 0.131)
Have met Yes vs. no − 0.139 (− 0.350–0.072)
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differences between participants with different mother lan-
guages; in this study those whose mother language is Finnish 
had a 0.240 higher mean value in the RAS-5, indicating that 
they are more likely to have a negative attitude toward the 
use of humanoid robots in healthcare. Further studies focus-
ing on the reasons underlying such cultural differences might 
be helpful when developing and implementing humanoid 
robots in healthcare. We even saw differences in attitude 
between age classes. The age classes in this study were 
organized by decade with the exception of the first age class 
(15–19 years), and we saw that with each decade increase in 
age class the RAS-5 showed a 0.067 lower mean value. This 
indicates that older adults are more likely to have a positive 
attitude toward the use of humanoid robots in healthcare than 
younger adults. These findings somewhat contradict the find-
ings in earlier studies; for example Kuo et al. (2009) showed 
that younger adults are more likely to accept social assistive 
robots for healthcare tasks than older adults. However, the 
age variable seen in this study was not completely linear, 
and our univariate analysis showed that the two youngest age 
classes (15–19 and 20–29 years) had slightly lower RAS-5 
scores than those in the 30–39 age class. Such mixed find-
ings might be linked to the functionality of the humanoid 
robot used in this study and the different lengths of time the 
participants spent interacting with it. Comparing our study’s 
findings with earlier research without awareness of such dif-
ferences could lead to misconstrued assumptions. In further 
studies, there should be a focus on testing humanoid robots 
for more specific healthcare functionalities, in specific care 
situations and with different age groups.

In an attempt to seek a better understanding of the impact 
of increasing workload and costs in healthcare (Dahl and 
Boulos 2013), we even recruited persons visiting or working 
in the hospital setting, so as to include a general perspective 
in the study. Still, the background variables we collected 
should not alone be considered decisive in explaining the 
differences in attitudes; other factors should also be consid-
ered, such as how receptive a person is to new things. Devel-
oped by John et al. (2008), the Big Five personality traits 
scale can be used to investigate openness, conscientiousness, 
extraversion, agreeableness and neuroticism, and could be 
used as a complement to the RAS-5. One could argue that 
an investigation of the acceptance of technology and digi-
tal competence would have been advantageous or even the 
inclusion of questions about humanoid robots’ function or 
use in specific care situations. Nevertheless, we saw that 
the differences in attitudes were quite small. By exploring 
attitudes specific to humanoid robots’ appearance, further 
understanding of what influences their use may be gained. 
To realize successful implementation, human attitudes and 
preconceptions should be taken into account when human-
oid robots are developed for healthcare. By highlighting 
the importance of understanding attitudes toward a specific 

robot technology, such as humanoid robots, our study might 
contribute to greater knowledge on attitudes toward the 
development of robot technologies.

6 � Conclusion

The Pepper humanoid robot used in our study was consid-
ered to be both interesting and friendly. Most of the par-
ticipants had a mainly positive attitude toward the use of 
humanoid robots in healthcare. We found that other relevant 
actors in healthcare, those with a higher educational level 
and older adults were more likely to have a positive attitude. 
However, more research is needed on the reasons underly-
ing negative attitudes, because such attitudes may affect the 
introduction of humanoid robots into healthcare. Especially 
patients’ negative attitudes should be investigated during 
further robotic research. A careful evaluation of suitable 
first target groups as well as appropriate tasks for humanoid 
robots in healthcare to perform are needed.

7 � Limitations

The study findings should be interpreted with a certain cau-
tion. The study material was randomly collected and the 
participants volunteered, so the findings might not be gen-
eralizable to a wider population. A weakness is that par-
ticipants with more positive attitudes might have been more 
likely to participate. Even though we saw no tendency for 
the participants to automatically select a score of 3 when 
encountering the 1–5 scale, the RAS-5 should be validity 
tested for psychometric testing in a future study. Another 
limitation is that the humanoid robot in this study was not 
tested in any real-life care situations (i.e., bathing or remind-
ing of medication). It can also be discussed whether the 
usage scenario where the humanoid robot interacted with 
participants is related to healthcare or not. However, even 
if the humanoid robot engaged in activities not typical for a 
healthcare context, e.g., answered basic questions, danced 
or sang, the study sample, context and study measurement 
are still relevant to healthcare. It could have been beneficial 
to include more patients and relatives as participants, but in 
comparison to other studies we maintain that this study’s 
broad sample is an advantage. All of the analysis methods 
we used yielded rather similar results: univariate analyses, 
pairwise correlations between dichotomous RAS-5 and 
background variables and both multiple regression models. 
Even the RAS-5 and age, with both variables as dichoto-
mous or continuous, produced rather similar results. Such 
consistency across all modes of analyses suggests that our 
results are method-independent.
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