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Abstract

Background: Numerous user-related psychological dimensions can significantly influence the dynamics between humans and
robots. For developers and researchers, it is crucia to have a comprehensive understanding of the psychometric properties of the
available instruments used to assess these dimensions as they indicate the reliability and validity of the assessment.

Objective: This study aims to provide a systematic review of the instruments available for assessing the psychological aspects
of the relationship between people and social and domestic robots, offering a summary of their psychometric properties and the
quality of the evidence.

Methods: A systematic review was conducted following the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines across different databases. Scopus, PubMed, and IEEE Xplore. The search strategy encompassed
studies meeting the following inclusion criteria: (1) the instrument could assess psychological dimensions related to social and
domestic robots, including attitudes, beliefs, opinions, feelings, and perceptions; (2) the study focused on validating the instrument;
(3) the study evaluated the psychometric properties of the instrument; (4) the study underwent peer review; and (5) the study was
in English. Studies focusing on industrial robots, rescue robots, or robotic arms or those primarily concerned with technology
validation or measuring anthropomorphism were excluded. Independent reviewers extracted instrument properties and the
methodological quality of their evidence following the Consensus-Based Standards for the Selection of Health Measurement
Instruments guidelines.

Results: From 3828 identified records, the search strategy yielded 34 (0.89%) articlesthat validated and examined the psychometric
properties of 27 instruments designed to assess individuals' psychological dimensionsin relation to social and domestic robots.
These instruments encompass a broad spectrum of psychological dimensions. While most studies predominantly focused on
structural validity (24/27, 89%) and internal consistency (26/27, 96%), consideration of other psychometric properties was
frequently inconsistent or absent. No instrument evaluated measurement error and responsiveness despite their significance in
the clinical context. Most of the instruments (17/27, 63%) were targeted at both adults and older adults (aged =18 years). There
was alimited number of instruments specifically designed for children, older adults, and health care contexts.

Conclusions: Given the strong interest in ng psychological dimensions in the human-robot relationship, thereis a need
to develop new instruments using more rigorous methodol ogies and consider a broader range of psychometric properties. This
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isessential to ensure the creation of reliable and valid measures for assessing people’s psychological dimensionsregarding social
and domestic robots. Among its limitations, this review included instruments applicable to both social and domestic robots while
excluding those for other specific types of robots (eg, industrial robots).

(J Med Internet Res 2024;26:€55597) doi: 10.2196/55597
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Introduction

Background

Thereisagrowing interest in the field of social robotics when
it comesto creating robotsthat can cater to people' sneeds. This
isevidenced by theincreasing number of publications covering
various aspects of robotics [1]. This interest stems from the
desire to develop robots that can engage in social interaction
with humans, serving as collaborators, companions, tutors, and
partners in various applications. Applications of social and
domestic robots cover widespread areas; for instance, they have
been proposed for educational purposes [2], for mental health
and well-being [ 3], to support older adultsin their homes[4-6],
or to support different clinical populations such as people with
autism spectrum disorder [ 7] or dementia[8].

While many studies have explored users’ opinions and
requirements to design and develop this technology to meet
their needsin a participatory design framework [9-13], amajor
challenge for the success of socia robots is the fact that their
mere presence in everyday life does not automatically increase
their chances of being accepted or users' willingnessto interact
with them [14]. Thus, understanding the perspectives and
preferences of peopl e regarding robots representsacrucia point
for their development and acceptance [15-17]. How arobot is
perceived plays a major role in the human-robot relationship
[18]. Existing literature has identified several factors linked to
individuals' predispositions toward robots and how robots are
used [19]. Peoples' robot acceptance is influenced by attitudes
and intentions to use robots [20]. According to the Unified
Theory of Acceptance and Use of Technology [21], factorsin
theintention to use robotsinclude attitude, perceived useful ness,
perceived ease of use, enjoyment, trust, and anxiety. However,
many other psychological dimensions have been investigated
within the human-robot relations, such as beliefs [22],
adaptability, control, companionship, sociability [19],
attractiveness[23], socia presence[24], intentionality [25], and
expectations [26]. Thus, numerous user-related psychological
dimensions can significantly influence the dynamics of the
human-robot relationship. Systematic reviews focusing on
different dimensions related to human-robot interactions with
social robots reportedly indicate that most of the assessments
are made using self-report measurements, raising concerns about
their suitability [27-29].

For developers and researchers, it is crucia to have a
comprehensive understanding of the psychometric properties
of the available instruments. To make a reasoned decision
regarding the use of instruments in research, it is crucial to
possess an understanding of instrument properties and make
comparisons between them [30]. Indeed, psychometric
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properties encompass attributes of an instrument that serve as
indicators of itsreliability and validity [31]. They help ascertain
whether the measure accurately assesses what it is meant to
assess and consistently gauges the intended dimension. In this
context, systematic reviews of instrument psychometric
properties can assist practitioners and researchers in choosing
the most suitable measurement instrument tailored to their
specific needs [32]. These reviews are valuable because they
consider both the instrument psychometric properties and the
methodological quality of the studies conducted to assessthem
[33]. Thisknowledgeis essential for making informed decisions
and effectively evaluating the performance and impact of robots
in various applications.

Objectives

The aim of this research was to conduct a systematic review of
the instruments documented in the literature for assessing
individuals' psychological dimensionsin relation to social and
domestic robots, such as attitudes, beliefs, perceptions, opinions,
and emotions. Inthisreview, instrument refersto aspecific tool
used for data collection and measurement, such as
guestionnaires, scales, and interviews. This review assessed
both the instrument psychometric properties and the quality of
evidence linked to each property with a view to (1) provide
practitioners and researcherswith acomprehensive guide to the
availableinstrumentsand their psychometric properties, enabling
them to make informed choices based on their specific
requirements; and (2) establish indications for the future
development and validation of such instruments.

Methods

Search Strategy and Eligibility Criteria

A systematic review was conducted following the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines[34]. The search was conducted from
June 2023 to July 2023 in the following computerized databases:
Scopus, PubMed, and | EEE Xplore. Thiswas done as searching
at least 2 databases is recommended for the best coverage of
the topic and to decrease chances of inappropriate conclusions
[35]. The search strategy aimed to find literature related to the
validation and assessment of the psychometric properties of
instruments designed to evaluate individuals psychological
dimensions in relation to robots. To accomplish this, the
following index terms—*robot*,” “social,” “home,” “domestic,”
“questionnaire”  “survey,”  “assessment,”  “measure*)’
“psychom*,” “valid,” and “reliab*”"—were used. The search
strategy is provided in Multimedia Appendix 1.

The search strategy aimed to incorporate instruments suitable
for use with social and domestic robots. Therefore, those
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specifically designed for other types of robots were excluded.
The search strategy targeted studies meeting the following
inclusion criteria: (1) theinstrument could assess psychological
dimensions related to social and domestic rabots, including
attitudes, beliefs, opinions, feelings, and perceptions; (2) the
study focused on validating the instrument; (3) the study
evaluated the psychometric properties of theinstrument; (4) the
study underwent peer review; and (5) the study wasin English.
Given the focus of our research, studies centered on industrial
robots, rescue robots, or robotic arms or those primarily
validating technology or measuring anthropomorphism were
excluded. In total, 3 members of the research group
independently assessed the eligibility of the articles after
establishing the criteria with the research team. Initialy, the
titlesand abstracts of the articlesresulting from the search were
screened based on the established criteria. Those that passed
the screening were then evaluated through full-text reading. At
the end of each step (title and abstract screening and full-text
screening), interrater agreement among the 3 reviewers was
evaluated, indicating good agreement (Fleiss k=0.83 and 0.92,
respectively), and any disagreements were resolved through
discussion. The systematic review and protocol were not
registered with any relevant database.

Data Extraction

From the included studies, the following data were extracted
for each instrument: the name of the scale; referencesidentified
during the systematic review process; thetotal number of items;
adescription of the type of items; a description of the construct
measured; a description of the subscales, if any; the number of
items in each subscale; the administration of the instrument;
the target population of the instrument; and the characteristics
of the population used to validate the instrument, including
nationality, sample sizes, and age (mean, SD, and range). A
total of 2 reviewers extracted these data independently, and any
disagreements were resolved through consensus with a third
reviewer.

Assessment of the Instrument Properties and
M ethodological Quality

The Consensus-Based Standards for the Selection of Health
Measurement Instruments (COSMIN) guidelines were adapted
to evaluate instrument properties and the methodol ogical quality
of the evidence obtained from the identified studies [36-38].
The instrument properties defined and considered by the
COSMIN guidelines include content validity (which assesses
item relevance, comprehensiveness, and comprehensibility),
structural validity, internal consistency, cross-cultural validity,
measurement invariance, reliability, measurement error, criterion
validity, construct validity, and responsiveness.

Theoverall rating of each psychometric property per instrument
could be sufficient (+), insufficient (=), indeterminate (?), or
inconsistent (+) depending on the scores obtained across all the
studies for that given measure. While “sufficient” or
“insufficient” clearly indicate whether the criteriawere met, the
procedure considered studies as “indeterminate” when they
addressed the relevant aspect but failed to provide sufficient
information to determine whether the criteria had been met
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[36,38]. Furthermore, the “inconsistent” category encompassed
a combination of both “sufficient” and “insufficient” results.
We chose not to resolve inconsistent results but, instead, to
provide this process to individuals interested in using the
reviewed instruments, considering this study a valuable
summary of the instrument properties available to date. In the
context of content validity evaluations, “insufficient” was
assigned to each subcategory (relevance, comprehensiveness,
and comprehensibility) when these aspects were not evaluated
during the devel opment or validation of the measure. In terms
of hypothesistesting for construct validity, and considering the
multiple dimensions assessed using the identified measures,
each study wasindependently eval uated based on thefollowing
suggested generic hypothesis [36]: when the instruments
measure related but dissimilar constructs, correlations should
fall within the range of 0.30 to 0.50, and when they measure
similar constructs, the correlations should be =0.50. We
considered group differences when hypotheses were clearly
stated, supported by theliterature, and used specifically to assess
instrument properties. An important aspect to consider is that,
due to the various constructs that the instrument could assess
and the relatively recent development of these scales, it is
challenging to establish areliable gold standard. Consequently,
this study did not assess criterion validity among theindicators
used to validate the instruments.

The methodological quality of each instrument property in each
study was assessed as* high,” “moderate,” “low,” or “very low”
following the COSMIN guidelines [36-38]. Subsequently, the
overal quality of the body of evidence for each psychometric
property could be downgraded based on 3 factors: risk of bias,
inconsistency of findings (less relevant for content validity),
and imprecision (low sample sizes). It is worth noting that
“indirectness’ was not evaluated because the review lacked a
defined target population.

In total, 2 independent raters extracted data from each record
included in the research process and assessed the risk of bias
for each psychometric property in each study. Any
disagreementsthat arose were resol ved through consensuswith
athird reviewer.

Results

Overview

The search strategy resulted in atotal of 3828 articles. After the
removal of 14.52% (556/3828) of duplicates, afurther 83.49%
(3196/3828) of the articles were excluded during title and
abstract screening. Then, of theremaining 76 articles, 42 (55%)
were excluded during the full-text evaluation for not meeting
the research criteria.

The overall search strategy resulted in the inclusion of a total
of 34 articlesevaluating 27 measuresaimed at ng people's
attitudes toward socia robots. A summary of the research
processis provided in Figure 1. The information extracted for
each measureisreported in Table 1, whereasratings and quality
of evidence are reported in Table 2. In the following sections,
we discuss the results per instrument, grouping them according
to the included population.

JMed Internet Res 2024 | vol. 26 | €55597 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 1. Flowchart of the search and study selection.
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Table 1. Summary of the data extracted for the instruments identified through the systematic review.
Instrument  Study Total Typeof  Constructor  Subscales (humber  Typeof ad- Targetpop- Vaidationpopu- Age of the
name items items constructs of items) ministration  ulation lation nationali- validation
ty and number  population
of participants  (y)
COIRS? Robert 12 Scale Assessopen-  Intrinsicinterestin -~ Self-report  Children American Range 8-11
and van fromOto nesstorobot interacting with a
den 4 interaction robot (3); openness
Bergh to socioemotional
[39] interactions with a
robot (5); openness
to utilitarian interac-
tion with arobot (4)
Robot gratifi- deJong 26 5-point Assessgratifi- Hedonic gratifica-=  Observation-  Children Dutch—24 chil- Mean 9.31
cation ques- etal [40] Likert cation (sought  tion—sought (3); a dren (15mae; (SD 1.15;
tionnaire? scale and obtained) hedonic gratifica- 9 female) range 7-11)
tion—abtained (3);
informative gratifica-
tion—sought (3); in-
formative gratifica-
tion—abtained (3);
social gratifica
tion—abtained (3);
social gratifica
tion—sought (3);
experiential gratifica-
tion—sought (4);
experiential gratifica-
tion—abtained (4)
Robot social Chenet 17 5-point Assessrobot  Perceived presence  Self-report  General Chinese—494  Range18-60
presence al [41] Likert social pres- (4); interaction be- population (174 male; 320
scale? scale ence havior perception female)
(4); interactive ex-
pressionand informa
tion understanding
(4); perceived emo-
tional interdepen-
dence (4); attention
allocation (4); emo-
tional understanding
and expressiveness
)
REIC Bevilac- 41 5-point Assesstheac- Perceived robot per-  Self-report  Older Not report- Mean 62.9
quaeta Likert ceptability of  sonality (11); hu- adults ed—21 (13 (SD 3.9)
[42] scae sARS inthe Man-robot interac- male; 8 female)
older adult tion (10); perceived
population benefit (6); easiness
of use (6); perceived
usefulness (7)
UNRAQ®  Tobiset 34 5-point  Assessolder Interactionwiththe Self-report  General Not report- Mean 52.0
al [43,44] Likert persons needs robot and technical population ed—720(179  (SD 37.0;
scale and require-  issues(10); assistive male; 541 fe- range 19-91)
mentsregard-  role of the robot male)
ingtheproper- (13); socia aspects
tiesand func-  of using the robot
tionsof a (6); ethical issues(5)
robot
Arevisonof Zhanget 20 5-point Parental expec-  Capabilitiesdimen-  Self-report  Parents Not reported Not reported
theTses-Rf @ [49] Likert tationsregard-  sion (5); fictional
scale ing robotsfor  view dimension (5);
health care socia or emotional

dimension (4); play-
ful digtraction dimen-
sion (3); assistive
role dimension (3)
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Instrument  Study Total Typeof  Constructor  Subscales (humber  Typeof ad- Targetpop- Vdidationpopu- Age of the
name items items constructs of items) ministration  ulation lation nationali- validation

ty and number  population
of participants  (y)
GAToRSY  Koverola 20 7-point  People'satti- Personal-level posi- Self-report  General Finnish—477  Mean 40.23
et al [46] Likert tudestoward tiveattitude (5); per- population (192 male; 283 (SD 13.51);
scale robots sonal-level negative female) all partici-
attitude (5); societal- pants were
level positive atti- aged >18
tude (5); societal- years
level negative atti-
tude (5)
SPRY” Mandl et 18 Semantic Measureso-  Anthropomorphism  Self-report  General German, Austri-  Mean 33.83
al [47] differen-  cial perception (6); morality or so- population an, Swiss,and  (SD 12.66)
tial scale  of robots ciability (6); activity from other
or cooperation (4) coun-
tries—1032
(538 male; 480
female; 14 non-
binary)
SSRIT! Chietd 50 5-point Assesstrustin  Familiarity (4); Self-report  Consumers  Ethnicitieswere Range >18-
[48] Likert interactions robot use self-effica- reported—sam- >65
scale with Al socia o (5); socid influ- ple 1: 452
robotsinser-  €nce(4); technology (38.9% male;
vice delivery ~ atachment (3); trust 60.8% female,
stancein technology 0.2% other);
(3); anthropomor- sample 2: 362
phism (7); robot per- (38.7% male;
formance (9); effort 61% female;
expectancy (4); per- 0.3% other)
ceived service risk
(5); robot service fit
(3); facilitating robot
use condition (3)
ATTUSR-ck Chenet 15 5-point  AssessAT- Unidimensional Self-report  Hedthper- Taiwanese—95 Mean 44.5
al [49] Likert TUSR-Cques- sonnel (95% female)  (SD 11.9;
scale tionnaire for range 25-63)
use with Tai-
wanese health
personnel
Intentional deJong 4 5-point Assesschil-  Unidimensional Self-report  Children Dutch—87 (39 Mean 9.17
Acceptance et a [50] bar scde dren'sinten- male; 48 fe- (SD 0.85;
of Social tion to use so- male) range 7-11)
Robots cia robots
ERAS Sismanet 17 5-point Measurethe  Engagement (5); en- Self-report  Children Not report- Range 10-13
al [51] Likert attitudes of joyment (4); anxiety ed—232 (128
scale school stu- (4); intention (4) male; 104 fe-
dents toward male)
the use of hu-
manoid robots
in educational
settings
SE-HRI™ der Put- 18 6-point  Measure peo- Unidimensional Self-report  General German—450  German:
ten and Likert pl€e's per- population (288 femae; 4 mean 25.15
Bock [52] scale celved self-ef- unknown); (SD 6.66;
ficacy in deal- American—209 range 18-
ing with (104 male; 105  59); Ameri-
robots female) can:; mean
26.48 (SD
9.11; range
16-69)
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Instrument  Study Total Typeof  Constructor  Subscales (humber  Typeof ad- Targetpop- Vdidationpopu- Age of the
name items items constructs of items) ministration  ulation lation nationali- validation
ty and number  population
of participants  (y)
SE-HRI der Pit- 10 6-point Mesasure peo-  Unidimensional Self-report  Genera English-speak- Mean 36.91
short version ten and Likert pl€e's per- population ing and Ger- (SD 13.97;
Bock [52] scale celved self-ef- man-spesking  range 18-82)
ficacy in deal- sample—196
ing with (101 male; 95
robots female)
MCRS" Nomura 21 7-point  Measure Basicmoral concern  Self-report  General Jepanese—group  Mean 20.1
et a [53] Likert moral concern  (12); concern for population 1: 121 (66 (SD 1.6) for
scale for robots psychological harm male; 55 fe- group 1,
9 male); group 2:  range 20s-
200 (100 male;  60sfor
100 female) group 2
ROSA < Carpinel- 18 9-point Measureso-  Warmth (6); compe- Self-report  Genera Not report- Not report-
laeta (note: Likert cid perception  tence (6); discomfort population ed—210(105 ed—~Por-
[54]and 10for  scade of robots (6) male; 104 fe- tuguese sam-
Oliveira  Por- male; 1 not ple: mean
etal [55] tuguese identified); Por- 23.40 (SD
version) tuguese—185  5.21; range
(45% male; 18-35)
55% female)
HEXACO- Sirietad 60 5-point Evaluatehow Empathy, altruism,  Self-report  General Italian—133 Mean 34.46
60 for [56] Likert people per- or sociability; integri- population (not reported)  (SD 14.17;
HRIPP scale ceivetheper- ty; dependability; range 19-65)
sonality traits  self-confidence
of robots
Sense of Akalinet 12 Semantic Measuresense Sense of safety (6); Self-report  Genera Not report- Mean 35.48
safety and a [57] difference of safety and  sense of security (6) population  ed—100 (47 (SD 10.58;
security for scales security for male; 53 fe- range 14-62)
robotsin el- robotsin elder- male)
der care” care
PERNODY Kamide 33 7-point Evaluatehu-  Familiarity (12); Self-report  Generd Japanese—380 Mean 20.31
et a [58] Likert manoid robots  utility (7); motion population university stu-  (SD 2.89)
scae (4); controllability dents (140
(5); toughness (5) male; 239 fe-
male; 1 un-
known)
Multidimen- Ninomiya 49 7-point Assess atti- Familiarity (6); inter- Self-report  Adults Japanese—175 Japanese:
sional Robot et al [59] Likert tudestoward  est (7); negativeatti- (77.8% male); mean 22.3
Attitude scae domestic tude (5); self-effica- Tai- (SD 1.9);
Scae robots cy (4); appearance wanese—130  Chinese:
(7); utility (5); cost (46.9% male); mean 23.6
(3); variety (3) Chi- (SD 1.6);
nese—40.5%  Taiwanese:
male mean 24.2
(SD 5.0)
RUSH" Turjaet 6 5-point Measurerobot  Unidimensional Self-report Hedthcare Finnish—3 Sample 1:
al [60] Likert use self-effica workers samples: 200 mean 43.2
scale cy in hedth home care (SD 11.8;
care work workers(93.5% range 19-
femae), 1889  65); sample
nurses (89.8%  2: mean45.5
female),and (SD 12.1;
1554 nursesand range 17-
physiothergpists  68); sample
(95% female)  3: mean47.5
(SD 10.4;
range 19-70)
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Instrument  Study Total Typeof  Constructor  Subscales (humber  Typeof ad- Targetpop- Vdidationpopu- Age of the
name items items constructs of items) ministration  ulation lation nationali- validation
ty and number  population
of participants  (y)
RASS Nomura 11 6-point Measuringthe Anxiety toward Self-report  General Japanese: 400  Japanese:
et a [61] Likert anxiety that communication capa population university stu-  mean 21.4;
and Cai scale preventsindi-  bility of robots (3); dents (197 Chinese:
et a [62] vidualsfrom  anxiety toward be- male; 199 fe- sample 1
interacting havioral characteris- male; 4 un- range 18-
with robots tics of robots (4); known); Chi- >60 and
that havefunc-  anxiety toward dis- nese: samplel sample?2
tionsof com-  course with robots composed of range 18-60
municationin  (4) 305 adults (138
daily life male; 167 fe-
male) and sam-
ple 2 composed
of 740 adults
(319 male; 421
female)
RERS! Nomura 18 7-point Measure peo- Expectation asa Self-report  Genera Not report- Not reported
and Kan- Likert ple's expecta-  conversation partner population  ed—2s0 univer-
da[63] scae tionsfor rap-  (11); expectation for sity students
port togetherness (7) (not reported)
Child-robot  Stratenet 13 5-point Assesschild-  Closeness (5); trust  Self-reported  Childrenin  Dutch—87 chil- Mean 9.17
relationship  al [64] bar scales robotrelation-  (4); perceived social middle dren (39 male;  (SD 0.85;
formation® shipformation support (5) childhood 48 female) range 7-11)
Almeremod- Heerink 41(30  5-point Acceptanceof Anxiety (4); attitude Self-reported  Older Dutch—experi- Dutch—ex-
e eta [21] forthe Likert assistiveso-  toward the assistive adults ment 1: 40 old-  periment 1:
and Heet Man- scae cia agentsby socia agent (3); fa- er adults (18 range 65-89,
a [65] darin older adults cilitating conditions male; 22 fe- experiment
version) (2); intention to use male), experi- 2. N AY ex-
(3); perceived adap- ment 2: 88 par- periment 3:
tiveness (3); per- ticipants (28 range 65-94,
ceived enjoyment male; 60 fe- and experi-
(5); perceived ease male), experi-  ment 4:
of use (5); perceived ment 3: 30 0ld-  gnge 65-89;
sociability (4); per- er adults (8 Chi-
ceived usefulness male; 22 fe- nese—mean
(3); socid influence male), andex- 703 (SD
(2); socid presence periment 4: 30 7.5)
(5); trust (2) older adults (16
male; 14 fe-
male); Chi-
nese—317
(55.5% female)
Frankenstein Nomura 30 7-point Measureac-  Genera anxiety to-  Self-reported Genera Japanese (the  Range 20s-
Syndrome  eta Likert ceptance of ward humanoid population questionnaireis 60s
Question- [66,67] scale humanoid robots (13); appre- asoavalablein
naire robots, includ-  hension toward so- English)—1000
ing expecta-  ciad risksof hu- (500 male; 500
tionsandanxi- manoid robots (5); female)
etiesregarding  trustworthiness for
thistechnolo-  developers of hu-
gy inthe pub- manoid robots (4);
lic expectation for hu-
manoid robotsin
daily life (5)
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Instrument  Study Total Typeof  Constructor  Subscales (humber  Typeof ad-  Target pop-

Vaidationpopu- Age of the

name items items constructs of items) ministration  ulation lation nationali- validation
ty and number  population
of participants  (y)
NARSY Nomura 14 (the 5-point Measurehu-  Negative attitudes ~ Self-reported General Japanese—240  Jaee—Ten
etal [68], Por- Likert mans nega-  toward situations of population university stu-  22.0 (SD not
Picarraet tuguese scale(7- tiveattitudes interaction with dents (146 reported);
a [69], andPol- pointLik- toward robots robots (6); negative male; 92 fe- Ameri-
Pochwetko ishver- ert scae attitudes toward the male; 2 un- can—range
etal [70], sions for the social influence of known); Ameri- 18-25; Por-
Syrda et have12 Por- robots (5); negative can—>54 under-  tguee—age
a [71], items,  tuguese attitudes toward graduate stu- 18-71; Pol-
and Xia andthe and Pol- emotionsin interac- dents (13 male; ish—mean
andLe-  English ishver- tion with robots (3; 41 female); Por- 29.36 (SD
Tendre version  sions) note: the Portuguese tuguese—4 10.15); En-
[72] has 11 and Polish versions studieswitha  glish—range
items) have 2 dimensions, total sampleof  18-55
NARHTY and 997 (401 male;
NATIRY, and the 598 femdle: 3
English version has not reported);
Polish—213

3dimensionsmeasur-
ing different con-
structs)

(80male; 91 fe-
male; 42 not re-
ported); En-
glish—28 uni-
versity students
and staff (14
male; 14 fe-
male)

8COIRS: Children’s Openness to I nteracting With a Robot Scale.
BThe name of the instrument was not provided in the original article.
°REI: Robot-Era Inventory.

dSAR: socially assistive robot.

CUNRAQ: Users' Needs, Requirements, and Abilities Questionnaire.
fTSES-R: Technol ogy-Specific Expectation Scale-R.

9GATORS: General Attitudes Toward Robots Scale.

NSPRS: Socid Perception of Robots Scale.

ISSRIT: Social Service Robot Interaction Trust.

IAl artificial intelligence.

KATTUSR-C: Chinese version of the Attitudes Toward The Use of Social Robots.
|ERAS: Educational Robot Attitude Scale.

MSE-HRI: Self-Efficacy in Human-Robot Interaction Scale.
"MCRS: Moral Concern for Robots Scale.

%R0oSAS: Robotic Social Attributes Scale.

PHRI: human-robot interaction.

9PERNOD: Perception to Humanoid scale.

'RUSH: Robot Use Self-Efficacy in Healthcare Work.

SRAS: Robot Anxiety Scale.

'RERS: Rapport-Expectation With a Robot Scale.

UNot available.

YNARS: Negative Attitudes Toward Robots Scale.

YWNARHT: negative attitudes toward robots with human traits.
XNATIR: negative attitudes toward interactions with robots.
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Table 2. Results obtained from the overall rating (OR) quality of evidence (QoE)2

Vagnetti et al

Instrument  Content validity Structural  Interna Cross-cul- Measure-  Reliability Construct
validity consistency tural validi- mentinvari- vaidity
ty ance
Overal Relevance Comprener Comprener OR QOE OR QOE OR QoE OR QoE OR QoE OR QoE
siveness sibility
OR QoE OR QoE OR QoE OR QoE

COIRS? 4 Low _d Low 4, Low + Low + High + Hgh f — — — — — 4 Low

Robot gratifi- + Low + Low - Low - Low ? Low = Low — — — — - — *  Very

cation ques- low

tionnaire”

Robot social  + Mod- + Mod- + Mod- + Mod- + Mod- + High — — —_ - —_ - —_ —

presence erate erate erate erate erate

scale

RE| - Very + Low - Very - Very ? Very - Very — — —_ - —_ - ? Very
low low low low low low

UNRAQ - Veay - Vay - Vay - Vay — — + Hgh — — — — + Mod — —
low low low low erate

TSES-R¥ - Vey - Veay - Vey - Veay ? Vey + Mod — — — — —_- — —_- —
low low low low low erate

GATORS + Very + Low - Very - Very + High + High — — —_ - —_ - + High
low low low

SPRS™ - Very - Low - Very - Very - High + High — — —_ - —_ - + High
low low low

SSRIT" + Mod- + Mod- + Mod- + Low + High + High — — —_ - —_ - + High
erate erate erate

ATTUSR-C® * Very + Very - Very + Very ? Mod- + Mo — — —_ - —_ - —_ —
low low low low erate erate

Intentional - Very - Very - Very - Low + Mod- + Mo — — + Low — — + Very

Acceptance low low low erate erate low

of Social

Robots

ERASP - Mod- - Mod- - Mod- + Mod- ? High + High — — — — —_ — —_- —
erate erate erate erate

SE-HRIY + Very + Vey - Very + Very + High + High — — —_ - —_ - + High
low low low low

SE-HRI - - - — — - - - - — + High — — - — - — + High

(short ver-

sion)

MCRS' - Very - Very - Very - Very ? Mod- + High — — — - — — ? Very
low low low low erate low

ROSASS - Very - Very - Very + Low + High + High — — — - + Mod + Mod-
low low low erate erate

HEXACO- - Very =+ Very - Very - Very ? Very — — —_ - —_ — —_ — —_ —

60for HRI% low low low low low

Sense of - Very - Very - Very - Very ? Very + Mo — — — - —_ - —_ -

safety and low low low low low erate

security for

robotsin el-

der care”

PERNODY ~— Vey - Low - Vey - Vey ? High + High — — —_ - —_ - —_ -
low low low
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Instrument  Content validity Structural  Internal Cross-cul- Measure-  Reliability Construct
validity consistency tural validi- mentinvari- vaidity
ty ance

Overal Relevance Comprener Comprener OR QOE OR QOE OR QoE OR QoE OR QoE OR QoE
siveness sibility
OR QoE OR QoE OR QoE OR QoE

Multidimen- - Very -  Vey - Low - Vey — — + High — — — — —_- — —_- —

sional Robot low low low

Attitude

Scale

RUSHY - Very - Very - Very - Very ? High + High — — — — —_- — - Very
low low low low low

RASW + Mod- + Mod- + Mod- ? Mod- + High + High — — —_ - —_ - + High
erate erate erate erate

RERS* - Very +  Vey - Very - Very ? Very + Mod — — — — —_- — ? Low
low low low low low erate

Child-robot * Very = Vey -  Vey + Low + Mod- + Mod — — — — —_- — *  Very

relationship low low low erate erate low

formation”

Almeremod- + Mod- + Mod- + Mod- ? Mod- + High + High — — —_ - + High ? Low

e erate erate erate erate

Frankenstein - Mod- - Mod- - Mod - Mod- ? Mod- + High - Very — — —_ - —_ —

Syndrome erate erate erate erate erate low

Question-

naire

NARS/ - Low - Low - Low - Very - High + High - Very — — + Low % High

low low

3\leasurement error and responsiveness are absent from the table because no article assessed these properties, and criterion validity is not reported in
accordance with the explanation given in the Methods section.

BCOIRS: Children's Openness to Interacting With a Robot Scale.
CInconsistent rating.

nsufficient rati ng.

esufficient rating.

"Blank cells represent psychometric properties that were not evaluated for that instrument.
9 ndeterminate rating.

P The name of the instrument was not reported in the origina article.
IREI: Robot-Eral nventory.

Iy NRAQ: Users' Needs, Requirements, and Abilities Questionnaire.
KTSES-R: Technol ogy-Specific Expectation Scale-R.

|GATORS: General Attitudes Toward Robots Scale.

MSPRS: Social Perception of Robots Scale.

NSSRIT: Social Service Robot Interaction Trust.

OATTUSR-C: Chinese version of the Attitudes Toward the Use of Social Robots.
PERAS: Educational Robot Attitude Scale.

9SE-HRI: Self-Efficacy in Human-Robot Interaction Scale.

'MCRS: Moral Concern for Robots Scale.

SROSAS: Robotic Social Attributes Scale.

'HRI: human-robot interaction.

UYPERNOD: Perception to Humanoid scale.

VRUSH: Robot Use Self-Efficacy in Healthcare Work.

WRAS: Robot Anxiety Scale.

*RERS: Rapport-Expectation With a Robot Scale.

YNARS: Negative Attitudes Toward Robots Scale.
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Instrumentsto Assess Children’s Psychological
Dimensions Towar d Robots

The Children’s Openness to Interacting With a Robot Scale
[39] measures openness to new experiences and psychological
boundaries related to robot interactions. The scalewas devel oped
through focus groups with parents, teachers, and researchers
and underwent cognitive pretesting with colleagues and
researchers. During the validation, exploratory factor analysis
(EFA) revealed a 3D structure with good internal consistency
(Cronbach a ranging from 0.72 to 0.78) and sufficient structural
validity (root mean sguare error of approximation
[RMSEA]=0.07; comparative fit index [ CFI]=0.93; root mean
sguare residual=0.07) for the 3 dimensions. Construct validity
was assessed by correlating the average Children’s Openness
to Interacting With a Robot Scale score with those of other
scales. However, correlations were not performed with the
subscales, making the construct validity for each subscale
unclear. A comparison by age and gender found no significant
differences, although the purpose of the comparison was not
reported.

The questionnaire developed by de Jong et a [40] aimed to
assess children’s uses of and gratifications regarding social
robots based on the literature on children’s mediagratifications.
After abrief interaction with a social robot, 88 Dutch children
were interviewed. Through coding of their responses to an
open-ended question, categories of gratificationswereidentified,
and a questionnaire was developed to measure 4 types of
gratification. The items were derived from previous
guestionnaires and children’s answers. The gratification types
were subsequently categorized into sought and obtained,
although the theoretical rationale for this choice was not
provided. During the validation, 2 subscales did not reach
sufficient internal consistency. The EFA resultsdid not provide
information about the goodness of the 8D solution. Some of the
subscales did not provide sufficient evidence for the expected
hypothesis tested by the authors (Pearson correlations ranging
from 0.12 t0 0.78).

The Intentional Acceptance of Social Robots [50] is a
unidimensional instrument developed to assess children’s
intentional acceptance of social robots, defined as children’s
intention to use asocial robot repeatedly or for along period in
their daily life. Theresearchersreviewed existing measuresand
focused on the scale by Heerink et al [21]. They adjusted and
refined items by referencing specific activities and adapting the
language for children, through discussions, and with suggestions
from primary school teachers. The items were also trandated
into Dutch. Pilot-testing with 4 children led to further
adjustments. The confirmatory factor analysis (CFA) revealed
a good fit of the data (N=87, x%=3.6, P=.16; CFI=0.97;
standardized root mean square residual=0.04). Measurement
invariance was assessed between boys and girls, showing
sufficient results. Internal consistency showed sufficient results
for the overall sample (range 0.72-0.85). According to
hypothesis testing, the scale showed enough correlation with
the enjoyment measure (r=0.49) but low correlation with other
measures (ie, social presence [r=0.24] and social anxiety
[r=-0.20]).

https://www.jmir.org/2024/1/e55597
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The Educational Robot Attitude Scale [51] was developed
through a process involving the creation of an item pool based
on existing literature. The scale was reviewed by experts for
content and face validity. A pilot test with 20 schoolchildren
was conducted to assessitem comprehension. The scale showed
a 4D solution according to EFA (fitting indexes were not
reported). Thereliability of the scale was satisfactory (Cronbach
o ranged from 0.81 to 0.85).

Straten et al [64] developed a measure to assess child-robot
relationships using 3 self-report scales of closeness, trust, and
perceived social support in which constructs were derived from
theories of interpersonal relationships. The researchers
developed the scales by reviewing existing measures and
refining item content trand ated into Dutch. Comprehensibility
was assessed through teachers and pilot studies. The measure’s
validation demonstrated agood model fit based on CFA results

(N=87, x%:,=62.3, P=.47; CFI=0.999; standardized root mean
square error [SRMR]=0.052). Hypothesis testing with

concurrently measured variables, which were significantly
shortened, yielded mixed results.

Instrumentsto Assess Psychological Dimensions of
Adults (Aged =18 Years) Toward Robots

Chen et a [41] proposed a 6D questionnaire to assess robots
social presence. Researchers retrieved papers related to social
presence and identified questionsfor ahuman-robot interaction
scale divided into theoretical dimensions following expert
evaluation and trandation. A total of 3 experts in artificial
intelligence, psychology, and sociology respectively assessed
the proposed definition and model, tested face validity, and
reviewed content and discriminant validity for each dimension
of the scale. Then, 5 respondents experienced in using social
robotswereinvited for structured interviewsto assessthe clarity,
precision, repetition, conflict, and understandability of the
questionnaire. Validation results indicated good fit from EFA
(chi-square-to—df ratio=2.160; RM SEA=0.048; Tucker-Lewis
index [TL1]=0.928; normed fit index=0.939; Adjusted Goodness
of Fit Index [AGFI]=0.926; SRMR=0.052; CFI=0.966;
goodness-of-fit index [ GFI]=0.950), and the Cronbach a values
were of >0.70.

The Users' Needs, Requirements, and Abilities Questionnaire
[43,44] was developed through a process that involved a
literature review and collaboration with the ENRICHME project
partners. It is an instrument that can be used to collect data on
the use of socia robots in the care of older people. The
validation sample consisted of 720 older adult participants, 125
of whom repeated the assessment 2 weeks apart. Evaluation of
psychometric properties indicated good Cronbach o values for
each dimension (al >0.70) and test-retest reliability for each
subscale measured using the intraclass correlation coefficient
(range 0.81-0.93).

The General Attitudes Toward Robots Scale[46] was devel oped
to assess attitude as a predisposition to respond favorably or
unfavorably to objects in the world and makes a distinction
between personal and societal levels of attitudes toward robots,
differentiating them between positive and negative. In the pilot
study, the authors only reported that the measure was devel oped
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partly based on other instruments. The 4D factor was considered
adequate as it fell between the suggested factors of different
evaluation methods. Only 2 of the dimensions had a Cronbach
a value of >0.70. The authors developed a revised version of
the questionnaire by conducting a pilot study, extracting items
from other instruments, and collecting new items through open
guestions posted in science fiction forums and robotics-oriented
Facebook groups. The authors further refined these items
through various EFAs. The final version of the questionnaire
consisted of 20 items along with 4 criterion items. A CFA
indicated good fit (x?;5,=430.0, P<.001; CFI=0.91; TL1=0.896;
RMSEA=0.058, 90% CI 0.052-0.064; SRMR=0.057), and the
Cronbach a valuesfor each subscale were of >0.70. Correlations
with the Negative Attitudes Toward Robots Scale (NARS)
indicated mixed results (range 0.2-0.8); however, the authors
did not report a specific hypothesis and, given that the General
Attitudes Toward Robots Scal e measures attitude toward robots,
we would have expected strong correlations of >0.50.

The Social Perception of Robots Scale [47] was developed as
a short scale for measuring social perceptions of robots that
comprises  sociability, = competence, morality, and
anthropomorphism that can be applied to different robots in
diverse research settings. Although a definition for each scale
was provided, the authors did not describe a theoretical
background for the socia perception dimension and for its
subcomponents. The authors composed items based on 3
different instrumentsto address the 3 main dimensions of social
perception. The EFA results indicated a 3D factor
(anthropomorphism, morality or sociability, and activity or
cooperation), and a subsequent CFA did not indicate good fit
(X%115=508.1, P<.001; RMSEA=0.101; CFI=0.796; TLI=0.759;
SRMR=0.096). Regarding internal consistency, the third
dimension resulted in alow index (Cronbach a=0.64), whereas
thefirst and second dimensions had sufficient indexes (Cronbach
0=0.82 and 0.85, respectively). Regarding hypothesis testing,
only some of the expected correl ationswere confirmed (r range
0.08-0.96), indicating mixed results.

The Salf-Efficacy in Human-Rabot Interaction Scale [52] was
developed to create a German and an English version of avalid
and reliable instrument for measuring people’s perceived
self-efficacy in dealing with robots. The first version of the
Self-Efficacy in Human-Raobot Interaction Scale consisted of
items that were either adapted from different questionnaires or
theoretically generated. An EFA indicated a 2D solution
(namely, self-efficacy and loss of control), which showed good
internal  consistency (Cronbach 0a=0.945 and 0.864,
respectively). A CFA was conducted with the German version
of the measure and a different sample; however, it did not reach
sufficient structural validity (chi-square-to—df ratio of 5.21 and
poor valuesfor the other fit indexes: RMSEA=0.097; CFI=0.84;
SRMR=0.055), and a subsequent analysis with reduced items
indicated a 1-factor solution and a good model fit
(chi-square-to—df ratio=2.98; RMSEA=0.066; CFI=0.95;
SRMR=0.029). This result was replicated for the English
version. The comprehensibility of the German version was
assessed with 6 older adults. Hypothesistesting performed with
correlations indicated sufficient values (r>0.30); however, we
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should note that, with only 1 scale, a general self-efficacy
measure was closeto thisvalue (r=0.271 for the German sample
and r=0.298 for the English sample). The authors al so proposed
ashort version based on resultsfrom the EFA. A CFA indicated
good fit of the short version for both the German and English
samples. In addition, hypothesis testing indicated correlations
of >0.30; however, thiswastrue also for 1 scale that the authors
used as a discriminant measure.

Nomura et al [53] developed the Moral Concern for Robots
Scale. A definition or atheoretical background of moral concern
was not clearly provided. The Moral Concern for Robots Scale
was obtained by adopting items from existing questionnaires.
In addition, they created items based on human moral treatment
and scenes of possible robot abuse. Through a
guestionnaire-based survey, the collected data were analyzed
using factor analysis, resulting in a 2-factor structure. Nofitting
statisticswere reported. Each dimension indicated good internal
consistency (Cronbach 0=0.912 and 0.876). Most of the
correlations conducted by the authorsfor construct validity were
of <0.30, and 2 dimensionsindicated high correlations with the
developed measure, namely, “ Mental state” and “ Social partner”;
however, they were not assessed using validated measures, so
these results could not properly be considered as evidence of
construct validity.

The HEXACO-60 for Robots [56] is based on the HEXACO
model of personality and proposes that individuals are
characterized by 6 domains. The authors adapted the items of
the HEXACO-60 original questionnaire [73] addressing “a
robot” as the subject of each original item. Even though the
construct was clearly described and had a theoretical
background, a representative population was not involved in
the dlicitation of relevant items; thus, relevance was considered
indeterminate. The authors performed an EFA that indicated a
4D solution; fitting statistics were not reported.

Akalin et a [57] developed ascaleto evaluate the sense of safety
and security of robots for older adult care. The authors
developed the items after videos of different types of robot
interactions were shown to participants; 3 items were based on
the Godspeed Questionnaire Series [74]. Definitions of safety
and security used to construct items were not clearly reported.
The authors calculated the Cronbach o for the 2 dimensions
and for each video scenario presented to the participants. All
the Cronbach a values reported were of >0.70, indicating good
internal consistency of the scales. Factor analysiswas performed
to identify the most important item associated with the 2
dimensions.

The Robotic Social Attributes Scale (RoSAS) developed by
Carpinella et al [54] assesses warmth, competence, and
discomfort perceived in robots. While the first 2 dimensions
were drawn from socia psychology, they lacked a clear
definition, making it challenging to assess the content of items
related to these dimensions. The development of this scale
involved 4 studies. In the first study, an EFA was conducted on
the Goodspeed Questionnaire Series[74], resulting in 3 factors
reflecting anthropomorphism, perceived intelligence, and
likeability. In the second study, participantswere presented with
the Godspeed items, a list of attributes from the stereotype
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content model, and the Bem Sex-Role Inventory [75,76].
Participants indicated whether each item was associated with
robots. EFA reduced the number of items and suggested 3
dimensions: warmth (Cronbach a=0.91), competence (Cronbach
0=0.84), and discomfort (Cronbach a=0.82). The third study
trialed the developed RoSAS, presenting participants with
familiar and unfamiliar animals and human linguistic categories
to demonstrate that the dimension of “discomfort” emerges
when individuals are evaluating robots. In the fourth study, the
guestionnaire was validated by comparing different types of
robots to assess whether participants' perceptions varied based
on the scale. However, references to support the hypotheses
were not provided. In a separate study, Oliveira et al [55]
performed a Portuguese trandation of the RoSA S and assessed
the comprehension of its items. A CFA suggested that the 3
dimensions were a good solution (CFI=0.98; RM SEA=0.05;
SRMR=0.06), leading to a reduction in the number of items.
Correlations with other measures for construct validity and
reliability assessments yielded conflicting results.

The Rapport-Expectation With a Robot Scale[63] wasdesigned
to measure peopl €' s expectations regarding rapport with robots.
To create this scale, students watched science fiction movie
clipsfeaturing robots and were asked about their feelingstoward
interacting with robots, distinguishing between fictional and
real robots. Itemswere devel oped based on participant responses
and from previous research. Subsequently, an EFA was
conducted with a small sample, revealing a 2D solution
(Cronbach 0=0.919 and 0.848). Unfortunately, no fit indexes
werereported. To assess construct validity, the same participants
were used, with the assumption that there would be variations
in their responses based on the different video clips they had
viewed. Differences in scores were indeed found, but it is
difficult to interpret these results as there was no provided
evidence to support the formulated hypothesis. Subsequently,
an experimental task was carried out to evaluate predictive
validity. However, the results were inconsistent asonly 1 of the
2 hypotheses was confirmed.

The Robot Anxiety Scale (RAS) [61] was developed to measure
anxiety that inhibits people from interacting with robots. The
items for this scale were generated through a pilot survey, and
content validity was assessed. A subsequent EFA reveaed a
3D factor solution. Following this, a CFA indicated a good fit
(GFI1=0.949; AGFI=0.917; RMSEA=0.066) for each scae
(Cronbach a=0.840, 0.844, and 0.796). Construct validity was
evaluated by comparing the RASwith 2 other anxiety measures,
all showing correlations of <0.30. Cai et a [62] trandlated the
scale from Japanese to Chinese and assessed its
comprehensibility and item content validity. Their study
included a CFA that confirmed the RAS's structural validity
(chi square-to—df ratio=3.26; SRMR=0.02; CFI=0.99;
GFI=0.96; TLI1=0.98; RMSEA=0.06), and correlations for
construct validity indicated good construct validity (absolute
values of r ranged from 0.42 to 0.81). Overall, the correlations
between the 2 studies yielded mixed results.

The Frankenstein Syndrome Questionnaire (FSQ) devel oped
by Nomura et al [67] is a questionnaire to gauge people’'s
acceptance of humanoid robots. To devel op this questionnaire,
a survey was conducted to gather opinions, attitudes, and
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feelings regarding humanoid robots from studentsin both Japan
and the United Kingdom. A group of experts|later reviewed the
extracted items for content validity. The questionnaire was
administered on the web, and a factor analysis revealed a 4D
solution (Cronbach a range 0.693-0.909). GFls were not
reported. In a subsequent study, the cross-cultural validity of
the FSQ was examined [66], revealing differencesin responses
between Japanese and UK populations.

Nomura et a [68] developed the NARS to assess the
predispositions in behavior or reactions toward robots. They
initially gathered opinions through a pilot survey extracting 13
sentences and obtained an additional 20 sentencesfrom 2 other
measures. The content validity was confirmed through expert
discussions. During the validation, an EFA revealed a 4-factor
structure, and a CFA indicated a good fit (GFI=0.900;
AGFI=0.856; RMSEA=0.080), with Cronbach a coefficients
ranging from 0.648 to 0.782. Construct validity was assessed
using Pearson correlation with a measure of anxiety, but all
coefficientswere of <0.30. Test-retest reliability, assessed using
Pearson correlation, showed mixed results: 2 subscales had
good reliability (r=0.706 and r=0.740), but the “Negative
attitudes toward emotions in interaction with robots” subscale
did not (r=0.538). Syrdal et al [71] assessed the NARS in the
English population after trandlating it. They removed 3 items,
although the Cronbach a was not reported for each subscale.
They conducted a principal component analysis to assess item
loadings on each dimension. Construct validity was assessed
using 12 personality traits [77], yielding mixed results. A
Portuguese validation of the measure was conducted by Pigarra
et a [69], resulting in a 2D solution and a good model fit
(CFI=0.93; TL1=0.90; RM SEA=0.065). Each subscal e showed
good internal consistency (Cronbach a=0.73 and 0.75), although
construct validity was not evaluated using other standardized
measures. The Polish version of the measure, as conducted by
Pochwatko et a [70], resulted in a 2D solution with 2 items
removed. Both subscales exhibited good internal consistency
(Cronbach 0=0.84 and 0.79), but the study did not provide
sufficient information to assess construct validity. Xia and
LeTendre [72] conducted a cross-cultural validation of the
questionnaire, recruiting American and internati onal-background
students. A CFA confirmed the 3-factor structure (CFI1=0.93;
TLI=0.91; RMSEA=0.08; SRMR=0.08), and internal
consistency was al so confirmed (Cronbach a ranged from 0.773
t0 0.818). The study revealed differences between the 2 groups
of students. It isimportant to note that the structural validity of
the NARS vyielded conflicting results, with some studies
suggesting a 3D solution whereas others proposed a 2D solution.

The Perception to Humanoid scale developed by Kamide et a
[58] was designed to assess people’s perspectives when
evaluating humanoid robots. University students were required
to describe their impressions after viewing a video recording
of a humanoid robot. The responses were categorized into
groups and adapted into items. An EFA indicated a5D solution,
with each dimension demonstrating good internal reliability
(Cronbach a ranging from 0.79 to 0.86). However, no CFA or
GFlIswere reported.

To assess attitudes toward domestic robots, Ninomiyaet al [59]
developed the Multidimensional Robot Attitude Scale. The

JMed Internet Res 2024 | vol. 26 | €55597 | p. 14
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

authors did not provide a specific definition of “attitude,” and
they generated scale items based on descriptions provided by
study participants. EFA was conducted, revealing a 12D
structure. Subsequently, 2 to 7 items were selected for each
factor based on their loadings with the aim of ensuring sufficient
differentiation among them. The Cronbach a values for most
dimensions exceeded 0.70 except for the valuefor the* control”
dimension, which was 0.643.

The Social Service Robot Interaction Trust [48] assesses
consumers' trust in interactionswith artificial intelligence social
robots. The scale€'s items were generated through a literature
review process and interviews, subsequently evaluated through
a focus group. An EFA revealed an 11-factor solution. The
Cronbach a vaues ranged from 0.82 to 0.94, and a CFA
indicated agood mode fit (RM SEA=0.03; CFI=0.96; TLI=0.96;
SRMR=0.05). Concurrent validity was assessed by comparing
the Socia Service Robot Interaction Trust with the Interpersonal
Trust Scale [78] and the Technology Artifact Scale [79],
revealing high correlations (r=0.78 and r=0.84, respectively).

Instrumentsto Assess Older Adults' Psychological
Dimensions Towar d Robots

The Robot-Era Inventory [42] was designed to measure older
adults’ acceptance of social robots across 5 dimensions based
on the Robot-EraModel proposed by the authors. Theinventory
items were derived from existing scales found in the literature.
A preliminary validation of the questionnaire was conducted.
Theinternal consistency analysisyielded mixed results, with 2
of the proposed subscales showing insufficient Cronbach a
values (0.67 and 0.69). Construct validity was assessed by
examining the correlations between the Robot-Era Inventory
and the Unified Theory of Acceptance and Use of Technology,
although a clear hypothesis was not reported. The associations
between the dimensions showed mixed results.

The Almere model was developed to test the acceptance of
assistive social agents by older adults [21]. The questionnaire
items were adapted from the UTAUT to fit the context of
assistive robot and screen agent technology, specificaly
addressing older adult users in a care home environment.
Additional constructswere considered, and items were adapted
from questionnaires in the literature. A path analysis was used
to test hypothesized rel ationships among the dimensions. In an
experiment comparing responsesto arobot in more social versus
less socia conditions, differences were found on 4 subscales.
The study showed sufficient internal consistency of the
instrument. He et a [65] translated the Almere Technology
Acceptance Questionnaireinto Mandarin Chinese and evaluated
its psychometric properties among older adultsin China. They
performed a content analysis with 6 experts. EFA followed by
CFA reveded a 9D solution (chi square-to—df ratio=2.006;
RM SEA=0.0609; root mean-square residual=0.059; GFI=0.816;
incremental fitindex=0.913; TL1=0.896; CFI=0.912). Cronbach
a coefficients indicated mixed results, ranging from 0.664 to
0.891, indicating varied internal consistency across dimensions.
The test-retest reliability coefficient was satisfactory, with an
overall value of 0.980 and domain-specific valuesranging from
0.918 t0 0.986 [65].
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Instrumentsto Assess Psychological Dimensions of
Health Care Professionals Toward Robots

The Robot Use Sdlf-Efficacy in Healthcare Work [60] is a
measure developed and validated with health care workers to
assess their self-efficacy in using robots in their work. There
was no reported information regarding theitems’ devel opment.
The validation of the measure indicated sufficient internal
consistency (Cronbach a=0.90); only factor loadings of the
factor analysis performed were reported. Regarding correlations
performed for construct validity, results obtained for the 6-item
version of the measure were not reported. Instead, the authors
performed a correlation analysis for the short version of the
measure (3-item version). Most correl ations with other measures
were insufficient (r<0.30) except for one (r=0.33), which was
measured with only 1 item, and its validation was not reported.

The Chinese version of the Attitudes Toward the Use of Social
Robots (ATTUSR-C) [49] questionnaire is a modified and
translated version of the questionnaire proposed by Costescu
and David [80]. Although the original version provides a clear
definition of “attitude,” the study was not aimed at validating
the questionnaire, and there was no evidence of concept
icitation or literature search initem generation. In thisversion,
a panel of 5 expert academic nursing professors assessed the
content validity of the ATTUSR-C questionnaire, rating item
clarity and appropriateness. Itemswith an item content validity
index of <70% were eliminated. In addition, 10 clinica
instructors assessed the instrument for face validity by
evaluating the clarity of each questionnaire item. This process
indicated  sufficient evidence for relevance and
comprehensibility of theitems; however, the professionalswere
not asked about the comprehensiveness of the items, and thus,
it was evaluated as insufficient. During validation, the EFA
interpretation led to a 1D solution, with no reported fit indexes.
The Cronbach a was sufficient (0.84).

Among the instruments designed for hedth care, we can
highlight the Technology-Soecific Expectation Scale-R [45],
which was developed to assess parents expectations in
health-related robot interactions. The scale consists of items
adapted from the work of Alves-Oliveira et a [81], and
additional items were created by the authors, organized into 3
dimensions. Principal component analysiswas used to determine
theitem loadingsfor each dimension; however, fitindexeswere
not reported. Each subscale demonstrated good internal
consistency (Cronbach a=0.869, 0.839, and 0.800). Details
regarding the sample used for this analysis were not provided.

Discussion

Principal Findings

The use of social robots has generated substantial research
interest, and it is unsurprising that numerous studies have
explored the variables that influence the human-robot
relationship. This exploration is essential for understanding
peopl€e's attitudes toward these emerging technological tools.
Thisreview aimed to provide both practitioners and researchers
with an up-to-date framework of psychometrically validated
instrumentsfor ng the psychological dimensionsrelevant
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to the interaction with socia and domestic robots. This
systematic literature review identified a total of 27 validated
measures across 34 articles. These findings suggest a growing
interest in psychological constructs related to understanding
human-robot  relationships, indicating their increasing
importance and relevance. Indeed, as detailed in Table 1, the
dimensions assessed using the validated scales encompass
different constructs.

Although it indicates validated instruments to assess different
dimensions, thisreview also highlightsimportant limitationsin
terms of psychometric properties. To enhance the quality and
accuracy of the available instruments, these limitations should
be considered in future development or revisions of instruments
for assessing people’'s psychological dimensions related to
robots. Most of the studies (24/27, 89%) primarily concentrated
on assessing the structural validity (12/24, 50% of evidence)
andinternal consistency (26/27, 96%, of which 18/26, 69% had
ahigh quality of evidence) of theinstruments. Construct validity
was considered for 63% (17/27) of the instruments (7/17, 41%
with a high quality of evidence). Cross-cultural validity was
evaluated for only 7% (2/27) of the instruments (both of which
exhibited low quality of evidence), and measurement invariance
was evaluated for only 4% (1/27) of theinstruments (low quality
of evidence). Notably, the measurement error and responsiveness
aspects were disregarded across al the instruments. Content
validity was identified in most of the studies (26/27, 96%);
however, none of them exhibited an overall high quality of
evidence. Moreover, there was a noticeable scarcity of tools
specifically tailored for children, older adults, and health care
contexts. This highlightsthe necessity for the development and
validation of instruments encompassing a more comprehensive
range of psychometric properties. Such an approach isvital for
the advancement of this growing area of research, ensuring that
assessmentsare not only thorough but a so tailored to the unique
characteristics and needs of diverse populations and contexts.

Regarding content validity, many studies (17/26, 65%)
inadequately assessed this property, often demonstrating very
low methodol ogical quality and neglecting aspects such asitem
relevance, comprehensiveness, and comprehensibility. This
result aligns with previous findings from other reviews, which
have shown that studies often offer unclear definitions of
constructs or fail to provide any definition at all [28,29]. Thus,
given the interest in validating instruments, the importance of
considering this aspect should be further stressed. Content
validity refersto how the content of the scale adequately reflects
the construct the instrument isintended to measure [82], and it
is considered to be the most important measurement property
[37]. Relevance and comprehensiveness refer to how well the
items are aligned with the construct of interest, ensuring that
all key aspects of the construct are thoroughly evaluated [38].
Comprehensibility considers how well items are interpreted,
which can have an impact on the quality of responses and
measurement accuracy [83]. Therefore, careful consideration
of the construct’s definition and its theoretical basis should be
taken during the development of the instrument to enhance
methodol ogical rigor and improve the quality of the assessment.

Measurement error and responsiveness were not addressed in
any of the studies identified. Measurement error indicates the
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amount of error, systematic and random, that could not be
attributed to a true change in the construct measured [82]. It
could be assessed through minimally important change, which
indicates whether a change in the measurement is considered
important [84], or the smallest detectable change, which
indicates whether the change in scoreis of sufficient magnitude
to have a low probability of being a random error [85].
Responsiveness indicates how the instrument could detect
change over time in the measured construct [86], which is
considered to reflect longitudina validity [87]. However, even
if they areimportant, we should also note that these 2 properties
place a strong emphasis in the clinical context [87,88]. Thus,
we suggest considering these 2 properties with caution and
within the context and aim for which the instrument is used.

Most studies (24/27, 89%) primarily focused on structural
validity, typicaly through EFA or CFA, as well as interna
consistency as measured using the Cronbach a. However, it is
important to note that several studies (12/24, 50%) had
“indeterminate” findingson structural validity and did not report
goodness-of-fit statistics for their models or provide sufficient
information to assess the appropriateness of their structural
models. This result expands upon what Naneva et a [29]
previously reported. Thus, the results suggest improvement of
the structural assessment of the instruments. It could be
suggested to report the goodness of fit in exploratory analysis
[89] and further conduct confirmatory analyses to evaluate
model fit in relation to this psychometric property. Indeed, while
EFA is an exploratory approach to determine the appropriate
number of factors, CFA requires a strong empirical foundation
andistypically usedin later phases on empirical and theoretical
grounds [90].

Regarding cross-cultural validity, only 7% (2/27) of the
instruments, the NARS [72] and the FSQ [66], assessed this
aspect. However, in both cases, there was insufficient evidence
to demonstrate cross-cultural validity, and the quality of the
methodology was low. Despite the challenges associated with
considering this property, cross-cultural validity offersvaluable
instruments for diverse cultures [91]. Itsimportance is evident
from the multinational studies conducted on the topic of
human-raobot interactions [92,93] and is also highlighted by the
diverse nationalities of the validation samples included in this
review. This aspect should be given further consideration in the
context of psychologica measurements for human-robot
relations, with particular attention to the methods used.

Similarly, measurement invariance was examined in only 3%
(1/34) of the studies [50]. This is particularly concerning as it
would indicatethat differences between groups eval uated using
most of these instruments could be due to group-specific
characteristics rather than to true differencesin the dimensions
assessed by them [94]. Thus, they should be interpreted with
some caution.

Reliability, which refersto the proportion of the overall variance
inthe measurethat can be attributed to true differences between
individuals[36], or, in other words, how the variability observed
between individuasisnot influenced by errors[95], waslargely
overlooked. Only 15% (4/27) of the instruments provided
evidence for the assessment of this property: the Users’ Needs,
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Requirements, and Abilities Questionnaire; the RoSAS; the
Almere model; and the NARS [44,55,65,68]. Consequently,
many of the identified instruments did not demonstrate
reliability, which represents a significant limitation of most
available instruments.

When assessing construct validity, a significant proportion of
studies (14/17, 82%) used correlations with other instruments.
Nevertheless, these correlations often yielded inconsistent
results. A problem faced in thiseval uation wasthat many studies
(7/14, 50%) did not establish hypotheses regarding expected
correlations beforehand. In the validation of these measures, it
is recommended to formulate valuable and clear hypotheses
that address the construct under investigation.

Most of the instruments (17/27, 63%) reviewed had a target
population of young adultsto older adults; however, we should
note that they did not consider measurement invariance due to
age-related differential item functioning, and thus, it could not
be established whether certain items could favor individuals
from different age groups with different backgrounds or due to
specific responseformats[96]. In thisregard, thisaspect should
be considered when developing these instruments. Only 7%
(2/27) of theinstruments, the Robot-Eralnventory [42] and the
Almere model [21], were designed specifically for the older
adult population. However, they exhibited limited psychometric
properties, indicating the need to develop instruments for this
specific demographic group.

Only 11% (3/27) of the instruments considered the clinical
context. The Robot Use Self-Efficacy in Healthcare Work [60]
and ATTUSR-C [49] were designed for health care
professionals, whereas the Technology-Specific Expectation
Scale-R focused on parents’ expectations [45]. However, these
3instrumentsonly demonstrated sufficient internal consistency,
indicating that there is still a need to devel op psychometrically
valid and reliable instruments in the health care context. This
is particularly important given the literature’s emphasis on the
use of social robotsin health care settings [97].

This review indicated that only 19% (5/27) of the instruments
in the literature were validated for children. Most of them (3/5,
60%) only demonstrated sufficient structural validity and
internal consistency, suggesting that the available measures to
assess the psychological dimensions of children toward robots
have important limitations. Consequently, there is a need for
the development of improved instruments for children.

Finaly, it is worth noting that most of the reviewed studies
(26/27, 96%) did not effectively useitem response theory. While
there is some debate regarding the best approach [98], given
the conditions of the validation study [99], authors should also
take this framework into consideration.

Degpite this review indicating a strong interest in devel oping
instruments to assess the psychological facets of the
human-robot relationship, it aso highlights that only some
psychometric properties are systematically considered, whereas
other important ones tend to be overlooked. Psychometric
properties indicate whether the instrument used is a valid and
reliable form to assess the dimension of interest [31]. Poorly or
incompl etely validated instruments have limited use for specific
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conditions, populations, and countries [100]. Limitations in
these properties may raise concerns regarding the accuracy of
reported outcomesin research and in making informed decisions
[101].

A significant limitation of the available instruments is the
absence of consideration or clear description of context for the
robot’s use during development and validation. A precise
delineation of the use context isan integral aspect of instrument
development and content validity evaluation [38], which serves
to indicate the relevance of the developed items composing the
instrument. This isimportant as there is preliminary evidence
suggesting that the context in which the robot is presented or
used may impact the components of human-robot interaction
[29]. Thisinformationiscritical for practitionersand clinicians
as it indicates the appropriate use of these instruments for
specific purposes and clinical populations.

This suggests a need to develop instruments with a broader
range of psychometric properties through studies with higher
methodological quality of evidence. The analysis suggeststhat,
in addition to the commonly assessed psychometric properties,
particular attention should be paid to content validity,
cross-cultural validity, reliability, measurement invariance, and
construct validity through rigorous methodologies. Particular
attention should be paid to targeted groups and the potential
application of the instruments in different contexts.
Measurement error and responsiveness remain important
properties, and their assessment should be guided by the
rationale of the developed instrument. Researchers should
consider that these properties have significant weight in a
clinical context.

While this study yielded intriguing results, it is important to
acknowledge its limitations. The review and analysis in this
study primarily focused on questionnaires suitable for ng
social and domestic robots. However, it is crucial to note that
guestionnaires tailored for other specific types of robots, such
as industrial robots, exist and warrant evaluation to offer
valuable insights into those domains as well. In addition, there
are alternative measures in the existing literature for assessing
psychological constructs in the context of human-robot
interaction. In thisregard, it is worth mentioning the Godspeed
Questionnaire Series [74]. The search strategy in this review
focused on studies dedicated to the validation of instruments,
considering eligible those that addressed this aspect as one of
their primary objectives. In the context of the relatively novel
field of instrument development for human-robot interactions,
it was not feasible to identify gold standards for assessing
criterion validity in this review. Nevertheless, it is worth
emphasizing that the findings of this study may contribute to
the identification of gold standards for other instrumentsin the
future. Indeed, there is significant variability in their use, with
some scales being rarely used whereas others are more
commonly used (eg, the Almere model) in the literature. The
cause of this variability cannot be definitively determined.
Notably, the NARS, the Almere model, and the RAS are the
oldest scales identified in the systematic literature, potentially
contributing to their continued use. This raises the possibility
that certain important constructs may be systematically
overlooked or the psychometric properties of the instruments
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might be disregarded. The primary objective of thisreview was
to offer acomprehensive overview of theinstruments available
to measure various dimensions and conduct a critical selection
based on the currently available psychometric properties of
these instruments. As another aspect to consider, individuals
may have distinct preferences regarding various physical
characteristics of robots, and these preferences are likely
influenced by personal factors. However, the extent to which
appearance can impact or enhance the human-robot relationship
remains atopic that requires more comprehensive exploration.
Indeed, determining theideal form that an agent, such asarobot,
should take is particularly challenging [102].

Conclusions

Numerous psychometrically validated instruments exist for
assessing various psychological constructs within the realm of
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