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Abstract
Socially assistive devices such as care robots or companions have been advocated as 
a promising tool in elderly care in Western healthcare systems. Ethical debates indi-
cate various challenges. An important part of the ethical evaluation is to understand 
how users interact with these devices and how interaction influences users’ percep-
tions and their ability to express themselves. In this review, we report and critically 
appraise findings of non-comparative empirical studies with regard to these effects 
from an ethical perspective.
Electronic databases and other sources were queried using a comprehensive search 
strategy generating 9851 records. Studies were screened independently by two 
authors. Methodological quality of studies was assessed. For 22 reports on 21 data-
sets using a non-comparative design a narrative synthesis was performed.
Data shows positive findings in regard to attitudes and emotional reactions of users. 
Varying perception of a social relation and social presence are the most commonly 
observed traits of interaction. Users struggle with understanding technical complexi-
ties while functionality of the devices is limited. This leads to a behavioral align-
ment of users towards the requirements of the devices to be able to make use of 
them.
This evidence adds to three important ethical debates on the use of socially assis-
tive devices in healthcare in regard to (1) reliability of existing empirical evidence 
to inform normative judgements, (2) ethical significance of the social presence of 
devices and (3) user autonomy in regard to behavioral alignment.
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Background

Socially assistive technologies (SATs) are increasingly used in healthcare. This 
includes, for example, various types of care robots, smart screen assistants, virtual 
avatars, or companion devices (Abdi et al., 2018; Leng et al., 2019; Mordoch et al., 
2013; Noy et al., 2013; Yusif et al., 2016). Their use is discussed as a potential way 
to increase and maintain autonomy in caring situations (Bennett et al., 2017; Cowan 
and Turner-Smith 1999). Although no common definition exists, we understand this 
class of devices to entail three essential features that define a relatively new techni-
cal concept for care. First, SATs integrate into the daily environment of their users 
and accompany and support daily activities. In doing so, their purpose is, secondly, 
to provide support by addressing or handling routine, controlling or steering tasks, 
and by interacting with or on behalf of their users (Abdi et  al., 2018; Feil-Seifer 
& Mataric, 2005). Thirdly and most importantly, these devices have in common 
that services are provided through interfaces that resemble interaction with animate 
beings. This can include, for example, anthropomorphic or zoomorphic design, 
mimicking of behavior or the display of emotional states, wishes, and desires as well 
as ways of communicating, for example, by use of natural language (Breazeal et al., 
2016; Hegel et al., 2009). To display such kinds of outputs and states, SATs often 
use advanced digitized technologies to detect actions and reactions of their users 
such as face or gesture recognition or modeling of emotional states to react accord-
ingly. SATs, hence, enrich technical interaction with an emotional or social dimen-
sion providing a kind of interaction that resembles more intuitive ways of human 
behavior (Shaw-Garlock, 2011). This allows to easily access technical functions and 
to provide complex supportive services on different levels.

A common field of application is in caring for elderly or frail persons. From a 
societal and ethical perspective, this has to be understood with reference to the larger 
picture of e-health and against the background of the demographic development, 
especially in western societies (Moerenhout et al., 2018). Given the rapid aging of 
these societies, it is assumed that available resources will not suffice to satisfy the 
needs for support and care of an increasingly aging population (Bemelmans et al., 
2011; Shishehgar et al., 2018). In this regard, SATs promise to provide a more effi-
cient way of care delivery allowing users to maintain independence and autonomy 
despite growing limitations while at the same time relieving care providers of more 
simple and repetitive tasks and free resources for high-quality care (Bemelmans 
et al., 2011).

Connected to this promise is a variety of ethical problems. Arguments in favor 
of SAT’s highlight a tailored fit between services provided and elderly peoples’ 
needs (Shishehgar et al., 2018). They emphasize the ethical importance of auton-
omy, individual freedom, and societal participation (Vandemeulebroucke et  al., 
2018b). Critical voices claim that SATs challenge long-standing caring practices 
based on arguments of efficiency, sacrificing the value of human contact over a 
technical rationalization of care processes (Sharkey & Sharkey, 2012; Sparrow 
& Sparrow, 2006). In addition, the social interface of SATs has raised concerns 
in regard to possible infantilization of users, their probable deception, or a loss 
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of autonomy due to SATs deeply integrating into the everyday life and silently 
winning control as a technical background pacemaker (Danaher, 2020; Matthias, 
2015).

Most of the existing ethical research on SATs in healthcare applies an instrumen-
tal view of technology (Vandemeulebroucke et al., 2018b). Instrumental views are 
defined by understanding technological devices as closed entities whose meaning 
and significance is defined by their intended functionality (Verbeek, 2006). Accord-
ingly, this view investigates technology as a passive object used at humans’ will. 
Ethical evaluation, hence, confines itself to functional purpose, adequacy of tech-
nology as a means, and requirements of responsible use (Vandemeulebroucke et al., 
2018a). In light of the recent developments in philosophy of technology, this view 
has to be criticized as being too narrow and treating technological artifacts merely 
as “black boxes”. Following this criticism, it has been suggested to view technolo-
gies as social phenomena, establishing complex relations with their users as media-
tors between humans and their lifeworld, thereby shaping their way of being able 
to perceive and express themselves within this world (Aydin et al., 2019; Verbeek, 
2015). This adds an important dimension to the ethical considerations in regard to 
SATs. It, first, raises the question of whether and to what extent relations with SATs 
as instances of certain technologies change the way users perceive and are able to 
express themselves in their lifeworld. Secondly, it raises the question of whether and 
to what extent these changes are ethically acceptable (Verbeek 2006).

As the first question indicates, a prerequisite for such empirically informed judg-
ments is extensive knowledge about the actual relational and mediating effects of 
SATs to be able to develop an informed perspective. However, existing empirical 
knowledge is scarce and vastly dispersed over different academic fields including 
computer science, social sciences, medicine, and nursing sciences. Against this 
background, we conducted a comprehensive systematic review to gather all avail-
able empirical evidence in line with the following aims: (1) To identify existing data 
in regard to relational effects of SATs in older adults in healthcare (2) To develop 
an overview of the existing methodologies to gather respective data and to critically 
appraise validity of existing evidence (3) To analyze existing data from an ethical 
perspective, to assess its fruitfulness for informing ethical arguments and to identify 
empirical research gaps from an ethical perspective.

In this paper, we will report on results from qualitative, descriptive quantita-
tive, and mixed-methods studies, that is, non-comparative study designs of all sorts. 
Results from comparative studies such as before-after-studies, controlled trials, or 
randomized controlled trials will be reported separately. This decision follows from 
the methodologically relevant differences between comparative and non-compara-
tive study types and the empirical statements they generate. From a health research 
perspective, these two types of study designs are often viewed as merely presenting 
a difference in quality and reliability of generated knowledge. From an ethical per-
spective, however, it is important that these study types also pursue different goals 
(to compare phenomena to another; to describe a phenomenon qualitatively, quanti-
tatively, or both) and, hence, generate different kinds of empirical knowledge (Lau 
& Kuziemsky, 2016), allowing for different types of arguments. While, for exam-
ple, consequentialist ethical arguments heavily rely on comparative knowledge, 
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deontological arguments tend to reference intrinsic properties of ethically relevant 
entities as generated by observations in non-comparative studies.

Methods

Review Design

The protocol was designed and agreed upon by the authors. It was registered in the 
international prospective register of systematic reviews (ID CRD42020160853). It 
includes a systematic approach of gathering all available empirical evidence regard-
ing effects and perceptions of human-machine interaction with SATs in healthcare. 
We first screened relevant databases. Articles were then retrieved and screened, 
based on a set of operationalized inclusion and exclusion criteria. These were drawn 
from our initial considerations in regard to the population of older adults, the defini-
tion of SATs, and considerations regarding the settings to include. A narrative syn-
thesis was performed.

Inclusion and Exclusion Criteria

In accordance with the definition outlined above, we determined to focus on (a) the 
context of everyday use and support by SATs of (b) older adults in (c) typical care 
settings. Studies had to explore experiences and perceptions of users on any kind of 
technical device that could be seen to match the criteria. The population criterion 
was operationalized by checking demographic descriptions of study populations to 
determine whether more than half of the population was over 18 years and could 
be understood as being in need of care or assistance. Studies including additional 
groups such as caregivers or relatives were included. In these cases, only relevant 
material was extracted. Typical care settings should include studies in rehabilita-
tive settings, home care settings, retirement villages, part-time care, and nursing 
homes. We also included experimental laboratory settings (living labs), which are 
commonly used in computer science to conduct studies with prototypes and devices 
that cannot be integrated into other environments for technical reasons. However, in 
regard to these types of studies, we determined that the set-up had to satisfy a typical 
use case comparable to the settings noted above. Publication date was set from 1970 
to present.

Theoretical articles addressing technical frameworks, or considering ethical or 
medical issues with no reference to empirical data were excluded. We also excluded 
studies with devices that were teleoperated (e.g. wizard-of-oz-studies) by actual 
humans or were only used to connect with other persons, for example by videocon-
ference-calls. From a methodological point of view, we excluded single case reports 
and single-user experiments as well as proof-of-concept studies and studies that 
solely evaluated the technical functions of devices as long as these studies did not 
include findings in regard to the users’ experiences and perceptions.
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Search

Database searches were carried out in February 2020 with an update in May 
2021. Databases included were Medline via PubMed, ProQuest, ScienceDirect 
CINAHL, Embase, EUROETHICS, NIHR-HTA, and Cochrane Library. In addi-
tion, we searched for grey literature, citations of full-text inclusions, scanned con-
ference proceedings, and consulted with experts from the field. Detailed informa-
tion on the sources can be found in Box 1.

Selection and Data Extraction

Three of the authors (JH, CS, AL) with the help of two assistants independently 
screened titles and abstracts. The assistants were supervised by the first author 
and their recommendations for decisions were reviewed separately. Full texts 
were screened by two authors (JH, AL) independently. Data was extracted inde-
pendently by two authors (JH, AL) using a modified data collection form based 
on the template of Cochrane Foundation. Subsequently, extractions were synthe-
sized. A detailed overview of the extracted data is given in Online Resource 1. In 
case of disagreement during title and abstract screening, the decision was delayed 
until full-text was accessed. In case of disagreement during full-text screening, a 
third author was consulted. Reasons for exclusion were documented. In case of 
missing information or uncertainty as well as in case of indications for further 
reports, the main authors were contacted.

Box 1  Sources for conducting the search
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Assessment of Methodological Quality

Contrary to the original plan outlined in the protocol, we present the review of meth-
odological quality using the MMAT tool for mixed-methods reviews (Hong et al., 
2018). This follows the decision to report qualitative, quantitative, and mixed-meth-
ods studies together and is intended to provide a better overview of the quality of 
the studies. Appraisal of methodological quality was conducted independently by JH 
and AL. Disagreements were dissolved during discussion.

Synthesis

A narrative synthesis in accordance with Pope et al. (2007) was performed as this 
enables the diverse studies and designs to be incorporated and interconnected. 
Narrative synthesis allows for specific aggregation of pre-identified core themes 
across diverse studies. The authors (JH, AL) independently compiled findings from 
extracted data by inductive development of themes. These themes were, then, syn-
thesized in a joint coding using MAXQDA. The aim was to identify overarching 
“core themes” and general patterns occurring in different studies and are, thus, suit-
able for providing general statements, even across the diverse study base.

Results

We retrieved 9851 records from electronic databases. After removal of duplicates, 
9082 records remained. 8793 records were excluded based on title and abstract 
screening. After full-text screening, in total 55 electronic records remained. Addi-
tional sources revealed 10 more records. 5 of them were included. In total 60 records 
were included. 21 studies in 22 reports were of non-comparative design on which 
we will focus in this paper. The detailed flow of studies through the screening pro-
cess can be seen in Fig.  11. Over all studies (comparative and non-comparative) 
Cohen’s kappa was 0.85 which indicates almost perfect agreement between raters in 
the screening process (Landis & Koch, 1977).

Publication dates ranged from 2005 to 2020. The studies were conducted in Aus-
tralia, Austria, France, Germany, Great Britain, Italy, Japan, Netherlands, New Zealand, 
Sweden, USA, and in one unspecified country. Devices used included care robots and 
personal robotic assistants, Ambient-assisted-living-Systems with integrated robotic 
components, Companion devices, and a smart-screen-assistant. The studies covered a 
total of 399 participants ranging from 3 to 51. With the exception of 2 studies (Cavallo 
et al., 2018; Torta et al., 2014), all participants had some kind of physical or cognitive 
impairment indicating a need for assistance. 5 studies investigated the use at home or 
in cohabitation settings (Baisch et al., 2018; Fattal et al., 2020; Frennert et al., 2017; 
Heerink, 2008; Khosla et  al., 2021). 7 studies developed living lab settings (Bedaf 
et al., 2018; Cavallo et al., 2018; Heerink et al., 2009, 2010; Torta et al., 2014; Wade 
et al., 2011; Wu et al., 2014). 8 studies investigated different forms of group exercises 
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(Bradwell et  al., 2019; Lewis et  al., 2016; Miyachi et  al., 2017; Moyle et  al., 2016; 
Robinson et al., 2016; Šabanović et al., 2013; Ujike et al., 2019; Kazuyoshi Wada et al., 
2005; Wada et al., 2006) and one study investigated individual interaction (Pu et al., 
2020). Methodologies included explorative qualitative research approaches, descriptive 
and correlative quantitative approaches, and different mixed-methods methodologies. 
Table 1 presents an overview. A critical appraisal of the methodological quality of each 
study according to MMAT can be found in Table 2.

In the following, we report on three major themes emerging from our synthesis. We 
call these themes (a) affective reactions and attitudes towards interaction, (b) results in 
regard to the perception of a social relation and quality of interaction, and, (c) results in 
regard to behavioral reactions and use.

Affective Reactions and Attitudes Towards Interaction

This theme encompasses results concerned with emotional reactions of users dur-
ing interactions with SATs as well as their general attitude towards interaction 

Fig. 1  Flow of records through the screening process



 J. Haltaufderheide et al.

1 3

5 Page 8 of 23

Ta
bl

e 
1 

 S
tu

dy
 c

ha
ra

ct
er

ist
ic

s

St
ud

y
n =

 
Po

pu
la

tio
n

A
dd

. g
ro

up
s

SA
T

Se
tti

ng
C

N
M

et
ho

ds

Q
ua

lit
at

iv
e 

stu
di

es
B

ra
dw

el
l 

et
 a

l.,
( 2

01
9)

17
O

ld
er

 a
du

lts
 in

 a
n 

ag
ed

 c
ar

e 
fa

ci
lit

y,
 

ag
ed

 6
0–

99

Ro
bo

tic
ist

s (
n =

 18
)

Pa
ro

, J
oy

 fo
r A

ll 
C

at
, 

Jo
y 

fo
r A

ll 
D

og
 

M
iro

, P
le

o,
 P

er
fe

ct
 

Pe
tz

zz
 D

og
, F

ur
by

 
H

ed
ge

ho
g

G
ro

up
 e

xe
rc

is
e 

w
ith

 
di

ffe
re

nt
 st

at
io

ns
G

B
C

on
te

nt
 a

na
ly

si
s o

f 
fie

ld
 n

ot
es

 o
f n

on
-

pa
rti

ci
pa

nt
 o

bs
er

va
-

tio
n,

 fo
cu

s g
ro

up
s

Fr
en

ne
rt 

et
 a

l. 
(2

01
7)

7
O

ld
er

 w
om

en
 li

v-
in

g 
al

on
e,

 a
ge

d 
70

—
90

 y
ea

rs

N
o

H
ob

bi
t

C
oh

ab
ita

tio
n 

w
ith

 a
 

so
ci

al
 ro

bo
t

SE
C

on
te

nt
 a

na
ly

si
s o

f 
se

m
i-s

tru
ct

ur
ed

 
in

te
rv

ie
w

s a
nd

 d
oc

u-
m

en
ts

, o
bs

er
va

tio
ns

Pu
 e

t a
l. 

(2
02

0)
11

O
ld

er
 a

du
lts

 in
 a

ge
d 

ca
re

 fa
ci

lit
y 

w
ith

 
di

ag
no

se
d 

de
m

en
tia

 
an

d 
m

ild
 to

 se
ve

re
 

pa
in

, a
ge

d 
65

–9
4

N
o

Pa
ro

In
di

vi
du

al
 fr

ee
 in

te
r-

ac
tio

n
A

U
S

In
du

ct
iv

e 
th

em
at

ic
 

an
al

ys
is

 o
f s

em
i-

str
uc

tu
re

d 
in

te
rv

ie
w

s

U
jik

e 
et

 a
l. 

(2
01

9)
n/

a
O

ld
er

 a
du

lts
 in

 a
ge

d 
ca

re
 fa

ci
lit

y 
w

ith
 

sc
hi

zo
ph

re
ni

a

N
o

Pe
pp

er
Re

cr
ea

tio
na

l g
ro

up
 

ex
er

ci
se

JP
C

on
te

nt
 a

na
ly

si
s a

nd
 

vi
de

o-
an

al
ys

is
 o

f 
in

te
ra

ct
io

n
Q

ua
nt

ita
tiv

e 
de

sc
rip

tiv
e 

stu
di

es
C

av
al

lo
 e

t a
l. 

(2
01

8)
45

A
du

lts
 o

ve
r 6

5
N

o
ER

A
 ro

bo
tic

 sy
ste

m
Li

vi
ng

 la
b 

se
tti

ng
IT

C
ro

ss
 se

ct
io

na
l s

ur
ve

y
Fa

tta
l e

t a
l. 

(2
02

0)
15

H
os

pi
ta

l p
at

ie
nt

s 
un

de
rg

oi
ng

 
re

ha
bi

lit
at

io
n 

ag
ed

 
60

–8
8

N
o

Pe
pp

er
C

oh
ab

ita
tio

n 
w

ith
 a

 
so

ci
al

 ro
bo

t
FR

Lo
ng

itu
di

na
l s

ur
ve

y

H
ee

rin
k 

(2
00

8)
30

O
ld

er
 a

du
lts

, a
ge

d 
65

–8
9

N
o

St
effi

H
om

e 
us

e
N

L
C

ro
ss

 se
ct

io
na

l s
ur

ve
y

H
ee

rin
k 

et
 a

l. 
(2

00
9)

30
O

ld
er

 a
du

lts
 li

vi
ng

 in
 

or
 n

ea
r e

ld
er

 c
ar

e 
in

sti
tu

tio
n 

(6
5–

94
)

N
o

iC
at

Li
vi

ng
 la

b 
se

tti
ng

N
L

C
ro

ss
 se

ct
io

na
l s

ur
ve

y



1 3

Socially Assistive Devices in Healthcare… Page 9 of 23 5

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y
n =

 
Po

pu
la

tio
n

A
dd

. g
ro

up
s

SA
T

Se
tti

ng
C

N
M

et
ho

ds

H
ee

rin
k 

et
 a

l. 
(2

01
0)

40
O

ld
er

 a
du

lts
 li

vi
ng

 
in

 a
n 

el
de

r c
ar

e 
in

sti
tu

tio
n,

 a
ge

d 
65

–8
9

N
o

iC
at

Li
vi

ng
 la

b 
se

tti
ng

N
L

C
ro

ss
 se

ct
io

na
l s

ur
ve

y

M
iy

ac
hi

 e
t a

l. 
(2

01
7)

51
O

ld
er

 a
du

lts
 in

 a
 

ca
re

 fa
ci

lit
y 

ag
ed

 
ov

er
 6

5

N
o

PA
LR

O
Re

cr
ea

tio
na

l g
ro

up
 

ex
er

ci
se

JP
C

ro
ss

 se
ct

io
na

l s
ur

ve
y

Ša
ba

no
vi

ć 
et

 a
l. 

(2
01

3)
10

O
ld

er
 a

du
lts

 in
 a

ge
d 

ca
re

 fa
ci

lit
y 

w
ith

 
va

riy
in

g 
le

ve
ls

 o
f 

ph
ys

ic
al

 a
nd

 c
og

ni
-

tiv
e 

im
pa

irm
en

t

N
o

Pa
ro

G
ro

up
 in

te
ra

ct
io

n 
in

 m
ul

ti-
se

ns
or

y 
be

ha
vi

ou
ra

l 
th

er
ap

y 
se

ss
io

n

U
S

Lo
ng

itu
di

na
l o

bs
er

va
-

tio
n

W
ad

a 
et

 a
l. 

(2
00

5)
10

O
ld

er
 w

om
en

 in
 a

ge
d 

ca
re

 fa
ci

lit
y 

w
ith

 
va

ry
in

g 
de

gr
ee

s o
f 

co
gn

iti
ve

 im
pa

ir-
m

en
t, 

ag
ed

 7
7–

98

N
o

Pa
ro

G
ro

up
 e

xe
rc

is
e

JP
Lo

ng
itu

di
na

l s
ur

ve
y

W
ad

a 
et

 a
l. 

(2
00

6)
10

O
ld

er
 w

om
en

 in
 a

ge
d 

ca
re

 fa
ci

lit
y 

w
ith

 
va

ry
in

g 
de

gr
ee

s o
f 

co
gn

iti
ve

 im
pa

ir-
m

en
t, 

ag
ed

 7
7–

98

N
o

Pa
ro

G
ro

up
 e

xe
rc

is
e

JP
Lo

ng
itu

di
na

l s
ur

ve
y

W
ad

e 
et

 a
l. 

(2
01

1)
7

A
du

lts
 w

ith
 p

hy
si

ca
l 

im
pa

irm
en

t a
fte

r 
str

ok
e,

 a
ge

d 
24

 to
 

72
 y

ea
rs

N
o

B
an

di
t

Li
vi

ng
 la

b 
se

tti
ng

n/
a

C
ro

ss
 se

ct
io

na
l o

bs
er

-
va

tio
n

M
ix

ed
 m

et
ho

ds



 J. Haltaufderheide et al.

1 3

5 Page 10 of 23

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y
n =

 
Po

pu
la

tio
n

A
dd

. g
ro

up
s

SA
T

Se
tti

ng
C

N
M

et
ho

ds

B
ai

sc
h 

et
 a

l. 
(2

01
8)

43
 in

 q
ua

nt
ita

tiv
e 

pa
rt,

 3
 in

 q
ua

lit
a-

tiv
e

O
ld

er
 a

du
lts

 o
ve

r 6
5

C
ar

e 
pr

ov
id

er
s 

(n
 =

 30
)

Pa
ro

, P
le

o
C

oh
ab

ita
tio

n 
w

ith
 

co
m

pa
ni

on
D

E
C

ro
ss

 se
ct

io
na

l s
ur

ve
y,

 
se

m
i-s

tru
ct

ur
ed

 
in

te
rv

ie
w

, n
on

-p
ar

-
tic

ip
an

t o
bs

er
va

tio
n

B
ed

af
 e

t a
l. 

(2
01

8)
10

 in
 q

ua
nt

ita
tiv

e 
pa

rt,
 9

 in
 q

ua
lit

a-
tiv

e 
pa

rt

O
ld

er
 a

du
lts

 re
ce

iv
-

in
g 

ho
m

e 
ca

re
, 

ag
ed

 6
2–

93
)

N
o

C
ar

e-
o-

bo
t

Li
vi

ng
 la

b 
se

tti
ng

N
E

C
ro

ss
 se

ct
io

na
l s

tu
dy

 
su

pp
le

m
en

te
d 

w
ith

 
se

m
i-s

tru
ct

ur
ed

 
in

te
rv

ie
w

s
K

ho
sl

a 
et

 a
l. 

(2
02

1)
5

O
ld

er
 a

du
lts

 w
ith

 
de

m
en

tia
Fa

m
ily

 m
em

be
rs

B
et

ty
H

om
e 

us
e

A
U

S
C

ro
ss

 se
ct

io
na

l s
ur

ve
y,

 
vi

de
o 

an
al

ys
is

, 
an

al
ys

is
 o

f l
og

 d
at

a
Le

w
is

 e
t a

l. 
(2

01
6)

6
O

ld
er

 a
du

lts
 in

 c
ar

e 
fa

ci
lit

y 
w

ith
 p

hy
si

-
ca

l o
r c

og
ni

tiv
e 

im
pa

irm
en

t

C
ar

e 
pr

ov
id

er
s 

(n
 =

 5)
N

A
O

-B
ot

, P
ar

o
G

ro
up

 e
xe

rc
is

e 
w

ith
 N

A
O

-B
ot

 a
s 

in
str

uc
to

r

U
S

C
ro

ss
 se

ct
io

na
l v

id
eo

 
an

al
ys

is
, f

oc
us

 
gr

ou
ps

M
oy

le
 e

t a
l. 

(2
01

6)
5

O
ld

er
 a

du
lts

 w
ith

 
va

ry
in

g 
fo

rm
s o

f 
de

m
en

tia
, a

ge
d 

68
–7

8

N
o

C
uD

D
le

r
G

ro
up

 e
xe

rc
is

e
A

U
S

C
as

e 
stu

dy
 v

id
eo

 
an

al
ys

is
, t

he
m

at
ic

 
an

al
ys

is
 o

f i
nt

er
-

vi
ew

s
Ro

bi
ns

on
 e

t a
l. 

(2
01

6)
20

Re
si

de
nt

s o
f a

ge
d 

ca
re

 fa
ci

lit
y 

w
ith

 
co

gn
iti

ve
 im

pa
ir-

m
en

ts

St
aff

 m
em

be
rs

 
(n

 =
 21

)
Pa

ro
G

ro
up

 e
xe

rc
is

e
N

ZL
C

od
in

g 
of

 o
bs

er
va

-
tio

n 
an

d 
op

en
-e

nd
ed

 
qu

es
tio

ns

To
rta

 e
t a

l. 
(2

01
4)

8
O

ld
er

 a
du

lts
, c

og
ni

-
tiv

el
y 

he
al

th
y

N
o

K
SE

R
A

 S
m

ar
t h

om
e 

w
ith

 N
A

O
-B

ot
Li

vi
ng

 la
b 

se
tti

ng
A

T
C

ro
ss

 se
ct

io
na

l s
ur

ve
y 

an
d 

qu
al

ita
tiv

e 
in

te
rv

ie
w

s
W

u 
et

 a
l. 

(2
01

4)
11

 in
 q

ua
nt

ita
tiv

e,
 7

 
in

 q
ua

lit
at

iv
e

O
ld

er
 a

du
lts

, a
ge

d 
76

 
– 

85
 y

ea
rs

N
o

K
om

pa
i R

ob
ot

Li
vi

ng
 la

b 
se

tti
ng

FR
C

ro
ss

 se
ct

io
na

l s
ur

ve
y,

 
se

m
i-s

tru
ct

ur
ed

 
in

te
rv

ie
w

s, 
fo

cu
s 

gr
ou

ps



1 3

Socially Assistive Devices in Healthcare… Page 11 of 23 5

Table 2  Critical Appraisal
Non-comparative studies 

Baisch et al. 2018

Bedaf et al. 2017

Bradw
ell et al. 2019

C
avallo et al. 2018

Fattal et al. 2020

Frennert et al. 2017

H
eerink 2008 

H
eerink et al. 2009

H
eerink et al. 2010 

Khosla et al. 2019 

Lew
is et al. 2016 

M
iyachi et al. 2017 

M
oyle et al. 2016 

Pu 2019 

R
obinson et al. 2016 

Šabanović et al. 2013 

Torta et al. 2014 

U
jike et al. 2019 

W
ada et al. 2005 

W
ada et al. 2006 

W
ade et al. 2011 

W
u et al. 2014 

Category of 
Study Designs 

Methodological Quality 
Criteria 

Screening 
Questions for 
all types 

Are there clear research 
questions? 

Do the collected data allow 
to address the research 
questions?

Qualitative 

Is the qualitative approach 
appropriate to answer the 
research question?
Are the qualitative data 
collection methods adequate 
to address the research 
question?
Are the findings adequately 
derived from the data?
Is the interpretation of results 
sufficiently substantiated by 
data?
Is there coherence between 
qualitative data sources, 
collection, analysis and 
interpretation?

Quantitative 
descriptive 

Is the sampling strategy 
relevant to address the 
research question?
Is the sample representative 
of the target population?
Are the measurements 
appropriate?
Is the risk of nonresponse 
bias low? 
Is the statistical analysis 
appropriate to answer the 
research question?

Mixed 
methods 

Is there an adequate 
rationale for using a mixed 
methods design to address 
the research question?
Are the different components 
of the study effectively 
integrated to answer the 
research question? 
Are the outputs of the 
integration of qualitative and 
quantitative components 
adequately interpreted? 
Are divergences and 
inconsistencies between 
quantitative and qualitative 
results adequately 
addressed? 
Do the different components 
of the study adhere to the 
quality criteria of each 
tradition of the methods 
involved? 

yes  unclear  no yyes unclear
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understood as a “tendency that is expressed by evaluating a particular entity with 
some degree of favor or disfavor” (Eagly & Chaiken, 2007). Several studies report 
overall positive attitudes of users (Bedaf et  al., 2018; Cavallo et  al., 2018; Fattal 
et al., 2020; Frennert et al., 2017; Miyachi et al., 2017; Moyle et al., 2016). This is 
indicated by a general openness and a certain curiosity to explore functions and to 
interact with SATs (Frennert et  al., 2017; Wu et  al., 2014). 3 Studies investigated 
acceptance, willingness, or intention to use and found a general tendency of approval 
towards sharing daily situations (Fattal et al., 2020; Heerink et al., 2009; Kazuyoshi 
Wada et al., 2005; Wada et al., 2006). Anxiety, hesitancy to interact, or otherwise 
negative emotional responses were found to be lower or were found to be voiced by 
a minority of participants (Cavallo et al., 2018; Fattal et al., 2020; Heerink et al., 
2009). Positive emotional reactions such as relaxation, enjoyment, happiness, effects 
on the general mood and increased behavioral engagement on the other hand were 
frequently reported (Cavallo et  al., 2018; Khosla et  al., 2021; Lewis et  al., 2016; 
Kazuyoshi Wada et al., 2005; Wada et al., 2006).

A smaller fraction of studies investigated influencing factors regarding emotional 
responses and attitudes. These studies suggest that attitudes of users are influenced 
by the perception of the functionality of the devices such as specific tasks that could 
be performed (Bedaf et al., 2018; Khosla et al., 2021; Miyachi et al., 2017). In addi-
tion, the perceived adaptability (Heerink et al., 2009, 2010) or flexibility (Šabanović 
et al., 2013) seems to play a role. Negative reactions were reported to occur espe-
cially in connection with malfunctions or if a gap between user expectations and 
functional capabilities was observed (Frennert et al., 2017; Moyle et al., 2016; Wade 
et al., 2011). 3 Studies indicate that the devices’ design decisively influences atti-
tudes. Especially the perception of a social presence, for example, through human-
oid appearance and users’ ability to interact seems to be important (Heerink et al., 
2009, 2010; Pu et al., 2020). Perceiving a social dimension in the interaction is not 
only preferred by the users but is also shown to increase the accessibility as the per-
ceived ease of use in interacting with SATs (Heerink et al., 2009; Torta et al., 2014; 
Ujike et al., 2019).

Social Relations and Quality of Interaction

This connects to the second theme of findings which includes results regarding the 
quality and the effects of the interaction and how users experience the interaction 
with SATs. These findings suggest that the quality of interaction is not only deter-
mined by the functional capabilities but also by the perception of a social relation.

The dimension of social relations was investigated in a majority of studies in this 
subset (Bradwell et al., 2019; Cavallo et al., 2018; Fattal et al., 2020; Frennert et al., 
2017; Lewis et al., 2016; Miyachi et al., 2017; Pu et al., 2020; Robinson et al., 2016; 
Ujike et  al., 2019; Kazuyoshi Wada et  al., 2005; Wu et  al., 2014). This includes 
results concerned with experiences reported by users, for example through inter-
views and questionnaires as well as results observing and analyzing interactions 
from a third-person perspective focusing on behavioral cues that indicate the experi-
ence of a social relation.
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Several studies report participants to commonly attribute internal states to SATs 
while interacting. This includes ascription of intelligence, emotional states such as 
kindness as well as internal wishes and desires or physiological needs (Frennert 
et al., 2017; Pu et al., 2020; Robinson et al., 2016; Kazuyoshi Wada et al., 2005). 
Depending on the characteristics of the device, 4 studies reported on the ascription 
of different social roles such as “assistant”, “friend”, “grandchild” or “pet” which 
led users to address the devices within these roles and to act accordingly (Lewis 
et  al., 2016; Miyachi et  al., 2017; Pu et  al., 2020; Robinson et  al., 2016; Kazuy-
oshi Wada et al., 2005). 3 Studies mentioned naming and the wish to own (Bradwell 
et al., 2019; Fattal et al., 2020; Kazuyoshi Wada et al., 2005) the device as an indica-
tor of an emotional attachment that is based on the perception of uniqueness (Ujike 
et al., 2019). Changing of users’ behavior in order to care for the device, for example 
by kissing, hugging, or stroking it, or by attempts to reduce stress and strain from 
it and to give it “the place it deserves” were also reported (Fattal et al., 2020; Rob-
inson et al., 2016). Interestingly, several studies that investigated the occurrence of 
social relations in more detail found that users engaging in such behavior or ascrib-
ing such properties were aware of the mechanical nature of the devices at the same 
time (Frennert et al., 2017; Pu et al., 2020; Robinson et al., 2016). Users were able 
to talk about the device as a technical instance or were able to evaluate its function-
ing as a machine. Only in one study, it was noted that participants were under the 
impression to interact with a “real animal” (Pu et al., 2020).

Understanding of the device and the context of the interaction was found to be 
an important influence on how users conceptualize and experience interacting with 
SATs. 4 Studies indicated problems of users to adequately understand technical 
details (Bedaf et  al., 2018; Fattal et  al., 2020; Frennert et  al., 2017; Moyle et  al., 
2016). In regard to the social context, the perception of familiarity was noted as an 
important factor by some studies (Miyachi et  al., 2017; Pu et  al., 2020; Robinson 
et al., 2016; Wu et al., 2014). It seems to be the case that perceiving SATs as famil-
iar allows users to situate the interaction within the boundaries of known territory 
and enables them to steer expectations accordingly.

Behavioral Reactions and Use

4 Studies investigated the behavioral engagement of participants with the devices 
(Robinson et al., 2016; Šabanović et al., 2013; Torta et al., 2014; Wade et al., 2011). 
These studies show behavioral engagement to be stable over longer periods with a 
tendency to increase in frequency or duration. In 4 studies it was reported that inter-
action affected interactions with others such as care providers or family members 
(Fattal et al., 2020; Moyle et al., 2016; Robinson et al., 2016; Ujike et al., 2019). 
In these cases, the encounter with an SAT increased opportunity to get into con-
tact with others. A theme constantly arising was that interactional and functional 
capabilities of the devices were found not always to match users’ preferences, needs 
and expectations, that is, what they wished or aimed to use the devices for. As 3 
studies indicate, users may have different ideas about the relationship and how to 
make use of the devices, for example as to who should be in charge or in regard to 
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the purpose and tasks a device should be equipped for (Bedaf et al., 2018; Bradwell 
et al., 2019; Cavallo et al., 2018; Fattal et al., 2020; Frennert et al., 2017). Conse-
quently, results in regard to the benefits of use as perceived by users show mixed 
responses (Bedaf et al., 2018; Cavallo et al., 2018; Fattal et al., 2020; Frennert et al., 
2017; Khosla et  al., 2021; Moyle et  al., 2016; Robinson et  al., 2016; Torta et  al., 
2014). 4 studies investigating this dimension found that functions were often per-
ceived as too limited by users to be of a clear use to the participants (Fattal et al., 
2020; Khosla et al., 2021; Moyle et al., 2016; Torta et al., 2014). Functions that were 
already implemented otherwise in the participants’ surroundings were not used after 
initial exploring and, hence, provided no additional benefit (Frennert et al., 2017). 
In addition, several studies report technical difficulties to occur during their trials 
(Fattal et  al., 2020; Frennert et  al., 2017; Moyle et  al., 2016; Torta et  al., 2014). 
This was either due to the users’ initial understanding of how certain functions work 
or due to technical deficiencies and limitations of the devices themselves. 3 studies 
observed an interesting effect on users that is connected to the limitations of the 
devices. Users tend to be either frustrated as outlined above or alter their behavior 
and habits to suit the devices’ requirements (Fattal et al., 2020; Frennert et al., 2017; 
Wade et al., 2011). This could be, for example, to use a different voice or tone to 
avoid occurring problems with speech recognition, to confine oneself to the use of 
single functions, or change the way of approaching the device.

Discussion

The three main themes presented here, underline that interaction with SATs is 
shaped by the functional properties of the devices, their design, especially in regard 
to the appearance of the interface, and the context of use; that is, the users’ ability to 
understand the devices and to engage in interaction as well as their comprehension 
of the situation, for example in regard to the perception of social roles or own needs 
and preferences. Figure  2 shows the concept of interaction emerging from these 
themes.

The aim of this review was to provide an overview of existing studies and meth-
odologies used, and to discuss their significance for the ethical debates. debates. 
From this normative perspective, the empirical knowledge gathered by the studies 
presented here is important as ethical deliberation on SATs falls within the domain 
of so- called mixed judgements (Düwell, 2009). Mixed judgments refer to normative 
principles as well as information about factual states of the world (empirical knowl-
edge) to develop practically relevant and highly specific ethical conclusions (Ives 
et al., 2018; Mertz et al., 2014, Musschenga, 2005). The quality, adequateness, and 
practical relevance of such ethical arguments is largely dependent on the quality and 
content of the available factual knowledge. In this regard, our results add to three 
important dimensions of the ethical debate on SATs as they demonstrate the poten-
tial for certain pitfalls with commonly referenced empirical claims. This includes, 
first, methodological considerations in regard to the reliability and validity of empir-
ical information that is used to inform ethical judgements. A second important point 
refers to the significance of empirical evidence in the debate on ethical acceptability 
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of social interfaces. Finally, the evidence raises questions in regard to adequate con-
cepts of autonomy based on the third theme. In the following, we will elaborate on 
these interpretations in detail. In what follows, we are going to comment on the sig-
nificance of the empirical claims in these arguments in light of our findings.

Methodological Quality

From a methodological perspective points to consider are the broad range of 
approaches to gathering and analyzing empirical data and implications in regard 
to the quality of the empirical evidence found. Empirically informed ethical con-
siderations are reliant on detailed and reliable empirical information to develop 
judgements on the issue in question (Mertz et  al., 2014). However, our review 
shows a broad range of different methods and methodological approaches used 
in this field. Approaches include qualitative, quantitative, and mixed-methods 
approaches sharing the common goal to develop and deepen the understanding 
of interaction with SATs. Methods employed for this purpose include in-depth 
interviews, surveying of participants, different kinds of observational methods, 
and analysis of additional sources such as logfile data. The impression of this 
variety is partly attributable to the methods of this review. However, a second and 
even more important reason might be that the studies included are situated in a 
variety of different academic fields following different perspectives, methodologi-
cal traditions, and standards. Regarding quality, our appraisal shows diverse rigor 
of study designs and reporting ranging from low to high-quality reports. Despite 
the differences in academic traditions and research fields, we understand both 
quality and variety of the studies to limit the generalizability and applicability of 
the results in informing normative considerations. The research on interactional 
effects of SATs is still in its infancy. Careful consideration of empirical evidence 
is necessary to avoid inconclusive generalizations, misinterpretations, and biases.

A good example can be given in regard to our first theme (affective reac-
tions and attitudes towards interaction). This theme gathers empirical evidence 
in regard to attitudes and affective reactions of users based on their experience 
with SATs. It shows an overall positive attitude, highlighting the participants 
face engagement with SATs open-minded, curious, and well aware of potential 
benefits. Especially in new research fields in which only little data exists, atti-
tudes of stakeholders can be a valuable source for ethical arguments if under-
stood as based on normative intuitions or basic preferences such as protection of 
self-interests or other basic values deemed worthy of protection (Bedke, 2008; 
Vandemeulebroucke et  al., 2018b). They can, hence, be used to explore poten-
tial ethical caveats and to raise new arguments. They are also of viable interest 
to ethical design approaches aiming to foresee possible negative consequences 
(Vandemeulebroucke et al., 2018b).

The positive attitudes point to arguments in favor of using and furthering the 
development of SATs as it seems to be the case that stakeholders do not sense to 
be at risk of being violated in basic values. Such claims can be advanced further 
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by pointing to the differences between studies including a general population 
(European Commission, 2012) and those which are based on actual experiences. 
While in the first case the attitude seems to be rather skeptical and hesitant, the 
actual experience seems to lead to a positive change (Baisch et al., 2018). Criti-
cal intuitions, hence, seem to be less stable, are suspected to build upon fictional 
ideas of technological care, and do not survive confrontation with reality (Fren-
nert et al., 2017).

We do not deny general claims that experience actually changes attitudes. How-
ever, our critical appraisal indicates that such arguments need to be handled with 
caution. Nearly all studies we investigated are susceptible to a non-response bias in 
their selection of participants. A non-response bias is a distortion of data based on 
the sampling procedures or the procedures of data collection which can influence 
samples towards specific attitudes. As almost all studies in our subset used purpo-
sive methods of sampling or heavily relied on the participant’s willingness and curi-
osity to take part it should be no surprise that these samples show a more positive 
attitude and it is not unlikely that the noted overall positive attitude is attributable to 
such a distortion of the sample.

As a result, these considerations warrant a careful referencing of the existing 
empirical evidence. To our understanding, more research is needed to improve the 
methodological quality of respective studies. This should include rethinking recruit-
ment methods to avoid biases. Considering different academic fields involved, more 
interdisciplinary approaches are worthwhile yet less often represented in this field. 
We also hold it is important to develop study designs that are able to capture the 
different perspectives included in different methodologies in a methodical way as 
all of them deliver important insights into different aspects of the interaction with 
SATs. A suitable way may, hence, be to further the development of mixed-methods 
approaches in which different perspectives and data sources are able to supplement 
each other and methodically contribute to a deepened understanding.

Implications of Social Interfaces

Results on the quality of interaction especially connect to the question of ethical 
acceptability of social interfaces. On the one hand, our results support the assump-
tion that social interfaces are valued by users to interact with respective devices and 
to get easy access to the supportive services these devices offer. This is in line with 
existing empirical evidence and ethical arguments highlighting the advantages of 
this way of interacting as a way to benefit from technological arrangements with-
out extensive knowledge or technical abilities (Vandemeulebroucke et  al., 2018b). 
However, ethical debates have also extensively discussed features of social inter-
faces against the background of manipulations and deceptions of users based on the 
misconception of SATs as a “real” social presence (Danaher, 2020; Sharkey & Shar-
key, 2012; Sparrow & Sparrow, 2006). These arguments usually define deceptions 
as knowingly creating false beliefs and defend their moral inadequacy by pointing 
to the fact that a person’s beliefs and their congruence with the world are a nec-
essary prerequisite to exercise one’s autonomy to a full extent (Matthias, 2015). 
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Others have argued that knowingly creating false beliefs about the nature of techni-
cal devices such as SATs deprives persons of their right to be treated as an end in 
themselves and is, hence, a violation of dignity (Decker, 2008; Sparrow & Sparrow, 
2006). These arguments deserve special attention in the use of SATs in healthcare as 
it is usually directed towards specifically vulnerable groups, that is, persons whose 
condition (e.g. health, age) indicates an elevated risk of being violated in their moral 
goods or interests (Boldt, 2019).

Our review confirms assumptions regarding the vulnerability of user groups. 
This is shown by the respective study populations. Concerning the question of mor-
ally problematic misconceptions that could be classified as deceptions, the empiri-
cal data seems to indicate frequent occurrences at a first glance. This applies with 
respect to the ascription of internal states, wishes, and desires by users as well as 
regarding behavioral cues indicating that users might find themselves in a relation-
ship with a real social being. The problem of deception, hence, seems to be far away 
from being a merely theoretical or philosophical problem. However, the data also 
indicates that matters might be more complicated. For example, several studies 
explicitly commented on their results or highlighted within their findings that users, 
while showing respective behavior or ascribing respective states to the devices, were 
well aware of the technical nature. This was indicated by, for example, being able to 
address the technical level of the device, evaluating its performance as a machine, or 
exercising respective behavior towards the device.

Similar findings, for example by Nass and Moon (2000), have described this 
behavior as part of media- or technological competencies, that is, the ability to inter-
act with technological artifacts “as if” they were social entities while at the same 
time being perfectly aware that the counterpart is a technical arrangement and not 
an animate being. If this is the case, our findings neither confirm nor disprove argu-
ments on manipulation and deception but warrant refinement of these arguments in 
line with this empirical evidence. First, the evidence implies that not every observ-
able behavior or respective ascription is a sign of a misconception in the sense of 
deception. Second, and even more important, being able to interact with devices on 
these two levels (“as if” and as device) is a necessary competence to profit from 
a social interface while avoiding falling for false beliefs as outlined above. This 
includes the ability to transcend the technical nature of the devices, to understand its 
social presence as part of its interface, and to be able to decide to communicate on 
this level.

Regarding the former, this indicates the need for more research to understand 
how users experience interactions with SATs and how they manage two different 
levels of these interactions and not fall for deception. A more detailed description of 
these competencies would be required. Secondly, the empirical results indicate that 
ethical arguments regarding deceptions and manipulations have to be revisited to 
include the crucial role of the aforementioned competencies as a probable dividing 
line between the useful and easy access to complex technical structures and ethically 
inadmissible deception. This is especially important as technical literacy that would 
be presupposed as part of these competencies surely varies with the cognitive abili-
ties of users and, hence, would also be part of the possible decline of these abilities 
in case of certain diseases.
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Questions of Relations and Autonomy

Finally, our results indicate that functionality of devices is often limited or is per-
ceived to be limited due to a lack of understanding. In these cases, users either 
become frustrated or tend to align their way of acting and interacting with the real or 
perceived limitations of their SAT.

From a medical ethics perspective focusing on autonomy, this finding raises 
important questions. It has been argued on various occasions that SATs are devices 
to enhance autonomy of their users. They allow, for example, to maintain ways of 
acting and satisfy important needs that would not have been possible to exercise 
otherwise or would have been left unsatisfied without them. Our findings, however, 
indicate that this improvement in user autonomy comes at certain costs. Especially 
due to limited functionality or limited understanding, users have to adapt to the tech-
nical rationality of the devices to be able to make use of them. Despite all efforts in 
user-centric designs in recent years, it seems to be the case that users often change 
behavior, habits, and patterns to suit their SAT, not vice versa. From a perspective of 
autonomy, this has to be understood as a source of concerning losses in determining 
own choices which need to be carefully balanced against possible benefits connected 
to the use.

In ethical debate, this aspect has been largely overlooked so far. This is the case, 
first, as most empirical study designs follow a classic “interventionist paradigm”, 
neglecting the impact of people’s behavior and handling on technology itself. This 
approach is critically assessed by new theories on co-constitution of age and technol-
ogy (Peine & Neven, 2019). Secondly, prominent concepts of autonomy in health-
care often rely on an individualistic perspective. These concepts focus on abilities 
and competencies of an individual to act and decide freely and are, hence, concerned 
with the capacities of an independent decision-maker and the absence of external 
influences on these capacities. Yet, broader accounts of autonomy have stressed that 
social surroundings and relations of decisions and decision-makers play an impor-
tant role in determining an agent’s ability to decide. These accounts draw attention 
to social conditions which may limit or foster a person’s ability to decide and pursue 
their goals and preferences. Aligning to the technical rationality of a device to make 
use of it provides an illustrative example of such influences. In this regard, our find-
ings suggest reconsidering the concepts of autonomy used in this debate to be able 
to adequately consider such relational and conditional effects.

Conclusion

Based on a comprehensive review, we have synthesized existing empirical evidence 
on relational and interactional effects of SATs in healthcare with the aim of evalu-
ating the significance and impact of existing empirical knowledge on ethical argu-
ments concerned with SATs.

In regard to such empirically informed ethical judgments, our review shows cer-
tain pitfalls and potential problems of commonly made arguments. First, it seems 
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to be important to be cautious about the reliability and validity of empirical claims 
that can be drawn from studies on SATs. Our quality appraisal shows a very diverse 
landscape. An important limitation of the data is a ubiquitous selection bias found 
in most of the studies. Secondly, we have highlighted the need to consider the role 
of empirical evidence in arguments on manipulation and deception through social 
interfaces. Evidence indicates that these arguments warrant further refinement as 
their assumptions do not seem to capture the reality of human-machine-interaction. 
Finally, our results indicate a new facet of arguments on autonomy and use that has 
been largely overlooked so far.

Strength and Limitations

With this, we present – to our knowledge – the first comprehensive review of empir-
ical evidence on interactional and relational effects of SATs and its impact on the 
ethical debate. We have to concede, however, that this work comes with certain limi-
tations. First, one has to be aware that this report covers only evidence in non-com-
parative study designs while data on comparative study designs is reported sepa-
rately. This way of reporting is based on the assumption that empirical statements 
drawn from different types of studies play a different role in ethical arguments and, 
hence, should be treated separately. Nevertheless, this implies that this report does 
not cover all available evidence nor is it able to assess the impact on all ethical argu-
ments and cannot provide a complete overview. Secondly, one has to be clear that 
our considerations and conclusions should not be treated as generalizable statements 
or as arguments for or against a specific technology or SATs in general. As the 
included studies vary in used artefacts, settings, population’s cultural backgrounds, 
and other aspects, it is neither adequate nor possible to generate such statements. It 

Fig. 2  Schematized model of influences
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has to be noted, however, that the goal of our work was not to infer such generaliza-
tions but to give an overview of the existing empirical data and assess its impact on 
existing ethical arguments. With this in mind, our work shows the potential for cer-
tain pitfalls and unwarranted claims, one needs to be aware of. Whether these prob-
lems apply to arguments made toward a specific technology would then be a matter 
of further and detailed inspection but is not part of our work here.
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