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Abstract

People's perception of social robots is essential in determining their responses and
acceptance of this type of agent. Currently, there are few instruments validated for
the European Portuguese population that measure the perception of social robots.
Our goal was to translate, validate, and evaluate the psychometric properties of the
Robotic Social Attributes Scale (RoSAS) to European Portuguese. To achieve this
goal, we conducted a validation study using a sample of 185 participants. We mea-
sured the temporal validity of the scale (over a 2-week interval) and its divergent and
convergent validity using the Portuguese Negative Attitudes toward Robots Scale
and the Godspeed scales. Our data analysis resulted in a shortened version of the
Portuguese RoSAS with 11 items while retaining the original three-factor structure.
The scale presented poor to acceptable levels of temporal reliability. We found a pos-

itive correlation between the warmth and competence dimensions. Further validation
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1 | INTRODUCTION

In the past few decades, many advancements in technology have led
to drastic changes in the way people communicate and interact with
one another. In particular, the creation and introduction of social
robots in many social human environments has opened the door to a
new type of techno-socialization that encompasses the relations and
communication dynamics between humans and technological social
artifacts (Gutierrez et al., 2019; Katz, 2017; Nikitina, 2007). In this
context, these technological artifacts take on the role of interactive
social agents that can help and collaborate with their human counter-
parts in a wide range of tasks (Lee & Nass, 2010; Nass et al., 1994).
The emergence of these computerized agents as social actors has,
thus, resulted in increased concern about the role of different robot-
related characteristics in the users' perceptions, attitudes, and level of
trust toward robots (Anzalone et al., 2015; Edwards et al., 2019;
Hoéflich & El Bayed, 2015). These factors are believed to predict sev-
eral important variables, such as user engagement, which are central

to those developing and studying social robots.

studies are needed to investigate the psychometric properties of this scale.

perception, Portuguese, RoSAS, social robots, validation

1.1 | Assessing the human perception of robots
The Robotic Social Attributes Scale (RoSAS) was designed to assess
the central attributes implicated in human perception of social robots
(Carpinella et al., 2017). Since its creation, it has been used in multiple
studies in the area of human-robot interaction (HRI; e.g., Bonani
et al,, 2018; Pan et al., 2018; Strohkorb Sebo et al., 2018), presenting
good psychometric properties (Carpinella et al, 2017; Pan
et al., 2017). This scale includes three main dimensions around which
perception of social robots is organized: warmth, competence, and dis-
comfort, and it is based on psychological research on human social
perception that also encompasses warmth and competence attributes
(Cuddy et al., 2008). In addition, it draws from and attempts to over-
come the shortcomings of another widespread scale used in HRI
research, the Godspeed series (Ho & MacDorman, 2010; Weiss &
Bartneck, 2015).

The Godspeed series is a set of questionnaires meant to provide
a reliable, validated measure of the dimensions relevant to the evalua-
tion of social robots (Bartneck et al., 2009). The identification of these

750 | © 2021 Wiley Periodicals LLC.

wileyonlinelibrary.com/journal/hbe2

Hum Behav & Emerg Tech. 2021;3:750-758.


mailto:rsaoa@iscte-iul.pt
http://wileyonlinelibrary.com/journal/hbe2
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fhbe2.311&domain=pdf&date_stamp=2021-11-08

OLIVEIRA ET AL.

WILEY_L 7t

main dimensions was conducted in a set of prior studies (Bartneck &
Forlizzi, 2004; Dautenhahn, 2007; Fong et al., 2003) by extracting the
main dimensions usually considered in previous research on social
robotics and then evaluated by the authors in terms of its theoretical
and practical relevance to the field of HRI (Bartneck et al., 2009).
Despite its creation not having followed the traditional standards for
scale development and validation, since its inception, the Godspeed
series quickly became one of the most widely cited (and hence, used)
(Weiss & Bartneck, 2015) instruments to measure HRI in a wide range
of contexts (Ho & MacDorman, 2010), with small regard to its quality
in terms of validity and reliability. Later analysis of the psychometric
properties of this scale revealed a suboptimal level of quality with
concerns about a lack of systematic approach to the original scale
development and validation process, the high correlation between dif-
ferent scale dimensions, and nonreplication of the supposed factor
structure (Ho & MacDorman, 2010; Weiss & Bartneck, 2015).

The RoSAS proposed to build on the perceptual dimensions
advanced by the Godspeed series by incorporating insights from human
social perception. In particular, the RoSAS builds on the premise that
people make automatic social inferences about other social actors and
that the process of social categorization can be extended to robots and
other technological artifacts (Carpinella et al., 2017; Lang et al., 2013;
Lee & Nass, 2010; Nass et al., 1994; Stroessner & Koya, 2021). This lat-
ter premise has been widely adopted and served as a background to
much recent research in social robotics and computing (Lang
et al., 2013). In this context, much of the research has been oriented
toward the measurement of the social outcomes of the implementation
of social robots in human social environments, such as effects on human
engagement in prosocial behaviors (Correia et al., 2019), human disclo-
sure of information to social robots (Noguchi et al., 2018), and the ability
of robots to nudge human decision-making toward a predefined
intended goal (Hashemian et al., 2019).

In developing the RoSAS, the authors considered research involv-
ing the stereotype content model (Cuddy et al., 2008). This model,
prominent in social psychology, suggests that human perception is
mainly anchored around two main dimensions: warmth and compe-
tence. In addition, initial factor analyses prompted the recognition of a
third dimension that measures feelings of discomfort toward robots.
These three dimensions (warmth, competence, and discomfort) paral-
lel the dimensions of likeability, perceived intelligence, and security
concerns (respectively) included in the Godspeed questionnaire. How-
ever, the ROSAS possessed stronger psychometric qualities
(i.e., higher eigenvalues and higher levels of reliability) compared with
the Godspeed questionnaire, thus offering a more parsimonious man-
ner to evaluate individuals' perceptions of social robots.

In the original validation study, participants were asked to evalu-
ate how closely various terms (e.g., social, strange, reliable) were asso-
ciated with their perception of robots, using a Likert-type format scale
ranging from 1 (definitely not associated) to 9 (definitely associated;
see Study 2 in Carpinella et al., 2017). Factor analyses revealed the
existence of three factors, each of which was composed of six items.
The dimension of warmth is measured by collecting judgments of a

robot on the terms (in the original version) happy, feeling, social,

organic, compassionate, and emotional. The competence dimension
includes capable, responsive, interactive, reliable, competent, and knowl-
edgeable. Finally, perceptions of discomfort are captured by the items
scary, strange, awkward, dangerous, awful, and aggressive.

The original authors underline the practical potential of this scale in
three main areas: (1) as a tool to evaluate preexisting robots; (2) as a way
to inform the development of new robots, especially human-like robots
designed to mimic human appearance and behavior, and (3) to serve as a
standardized metric for those conducting HRI research (Carpinella
et al, 2017). The scale was not intended to replace other metrics
employed in social HRI such as the Godspeed questionnaire or measures
of specific attributes. However, it presents a parsimonious and validated
general scale that might be of value to researchers and developers of
social robots (Carpinella et al., 2017). It has been used in over 200 studies
in various countries in its brief existence.

Despite widespread international use of the RoSAS, no validated
version of this scale exists in any language other than the original English.
This instrument has been adapted for use in several other languages,
including Portuguese (Bonani et al., 2018; Correia et al., 2019), French
(Spatola et al., 2018), Danish (Suvei et al., 2018) to study how partici-
pants create and change their perception of social robots after inter-
acting with them. However, translating and validating questionnaires in
different languages is critical for ensuring that results are reliable, valid,
and methodologically sound (Colina et al., 2017; Tsang et al., 2017).

2 | GOALSAND HYPOTHESIS

Our goal was to validate and evaluate the psychometric properties of
the Portuguese translated version of the RoSAS scale. The scale vali-
dation was preregistered using Open Science Framework preregistra-
tion services (see Anonymous). In particular, we evaluated the
convergent validity using the Godspeed scale and the divergent valid-
ity using the Negative Attitudes toward Robots Scale (NARS; Nomura
et al., 2006; Picarra et al., 2015). We also evaluated test-retest valid-
ity, construct validity, and conducted a confirmatory factor analysis
(CFA) to validate the arrangement and item allocation of the original
scale and the model fit of the translated scale. In this context, the fol-

lowing hypothesis were formulated and tested:

1. The CFA of the Portuguese version of RoSAS would replicate the
three-dimensional structure (i.e., warmth, competence, and dis-
comfort) observed in the original English version of the scale.

2. The Portuguese version of RoSAS would exhibit a good level of
test-retest reliability over a 2-week interval between applications.

3. Warmth and competence would be positively correlated with the
dimensions of likeability, perceived intelligence, and perceived safety of
the Godspeed questionnaire. Discomfort was expected to negatively
correlate with all of the dimensions of the Godspeed questionnaire.

4. The warmth and competence dimensions of RoSAS was expected
to negatively correlate to the items of NARS. In contrast, the dis-
comfort dimension was predicted to positively correlate to the
items of the NARS.
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3 | METHOD
An Ethical Research Committee approved the study before data col-
lection and all relevant ethical guidelines were followed (Anonymous).
This study was conducted in three phases. First, we translated
the original English scale to Portuguese and examined its translation
equivalence using the back-translation method proposed by Guillemin
et al. (1993). Then, we collected data from a sample of Portuguese
native speakers to evaluate the scales' psychometric properties.
Finally, we collected data from the initial set of respondents to evalu-

ate test-retest reliability.

3.1 | Sample

Using the G*Power software (version 3.1.9.6 for macOS; Faul
et al., 2007, 2009), we estimated a necessary sample size of 195 par-
ticipants. We included only young adults (18-35 years old) living in
Portugal and excluded participants who were native speakers of other

variations of Portuguese (in particular, Brazilian Portuguese).

3.2 | Procedure for validation

3.2.1 | Translation and back-translation

The original version of the RoSAS scale was translated into Portu-
guese (European) by two bilingual Portuguese native speakers. A third
individual (one of the authors, also bilingual and native Portuguese)
checked the translation and coordinated with the other two transla-
tors to solve disagreements. The back-translation was conducted by a
native Portuguese individual with academic training in English transla-
tion and later checked by a bilingual native English speaker and by
one of the authors (native Portuguese speaker).

A committee composed of the individual with training in English
translation, one of the authors (Portuguese native speaker), and a
bilingual English native speaker reviewed the back-translated version
and agreed upon a final version. Disagreements were resolved using a
decentering technique and adding multiple synonym alternatives to
accommodate all different possible translations, thus increasing
redundancy and improving the likelihood of better comprehension
(Brislin, 1973; Feinstein, 1987). The original study instructions for par-
ticipants were also analyzed, and changes were implemented to

improve clarity before the start of the data collection.

3.2.2 | Pilottest

To ensure that the questionnaire was easy to understand, we asked a
convenience sample of 10 native Portuguese speakers to answer the
survey. Participants were provided a printed version of the question-
naire and told to pay attention to the phrasing of the questions. They
were asked to indicate if there was any instruction or sentence that

was difficult to understand. Small changes were made to the question-

naire at this stage based on participants' comments.

3.2.3 | Main data collection

A convenience sample of participants was recruited using a snow-
ball strategy for disseminating the survey in social media and
through a voluntary pool of participants. The latter group of partici-
pants was compensated for their participation with course credits.
The data collection was completed using the Qualtrics platform for
online surveys.

Participants were told that the study's main aim was to investi-
gate people's perceptions of certain social groups, so as not to influ-
ence their responses or willingness to participate in the study. After
providing informed consent, participants responded to the following

instruments:

e The Portuguese version of the RoSAS scale asking participants to
indicate the extent to which they associated various words with
social robots. The words presented correspond to the 18 translated
items of the original RoSAS. Participants responded using a 9-point
scale, with lower values indicating weaker associations and higher
values reflecting stronger associations. In addition, one attention-
check item requesting that participants select a particular response
value was also included.

e The Portuguese Negative Attitudes toward Robots Scale (PNARS;
initially developed by Nomura et al., 2006 and validated for the
Portuguese population by Picarra et al., 2015) composed of
12 items. NARS is divided into three subscales: one relative to neg-
ative attitudes toward robots with human traits (NARHT), one rela-
tive to negative attitudes toward interactions with robots (NATIR),
and a third one concerning negative attitudes toward the social
influence of robots. This scale includes items like “I would feel very
nervous just standing in front of a robot” and I feel that if | depend
on robots too much, something bad might happen.” Higher scores
indicate more negative attitudes toward robots. The Portuguese
NARS (henceforth, PNARS) has only two factors: NATIR and
NARHT, with six items each. Participants were asked to indicate
the extent they agreed or disagreed with each statement, using a
7-point scale. Lower values represent lesser agreement, and higher
values represent stronger agreement.

e A translated version of the Godspeed questionnaire composed of
13 items. These 13 items correspond to the subscales of likeability
(5 items), perceived intelligence (5 items), and perceived safety
(3 items). Participants were asked to indicate to which extent each
item corresponded well to their impressions about robots, using a
5-point semantic differential scale. Lower values indicated more nega-
tive evaluations, and higher values reflected more positive evaluations.

e A set of sociodemographic questions for sample characterization.
This set of questions inquired about participants' sex, age, level of
education, native tongue, frequency and familiarity with psychol-

ogy studies, and previous interaction with robots.
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The order of presentation of all scale items was randomized. After
responding to these questionnaires, participants were presented with
a debriefing statement, which included an explanation of the study
goals. They were also invited to participate in the second part of the
study, to take place 15 weekdays after their initial participation.

Participants who agreed to participate in the second stage were
contacted via email 15 days later. This message provided a link for the
second part of the study, and participants were given 3 days to
respond. Email information was stored separately from their
responses to the first part of the study and deleted immediately after
the conclusion of data collection to avoid any risks to participants’
right to anonymity and confidentiality.

The second part of the study was composed of the same Portu-
guese version of the RoSAS scale. Participants' responses to both
parts of the questionnaire were linked using a personal unique
identification code.

After completing the second part of the study, participants were
again presented with a debriefing statement explaining the goal of this
study. In addition, they were provided the first author's email contact
to use in case of questions, suggestions, or requests. Participation in
the first part of the study took approximately 15 min, and the second

part took approximately 5 min to complete.

4 | RESULTS

4.1 | Data analysis procedure

The data were analyzed using IBM SPSS and AMOS software (both
version 26). The scales presented some missing values, the distribu-
tion of which was analyzed using Little's MCAR test. This test rev-
ealed that a few existing missing values were missing at random
(p >.005) and were replaced using the expectation-maximization
method.

To analyze the structural properties of the scales, we conducted
CFA. The best factor organization was achieved iteratively by examin-
ing item loadings onto each dimension (removing items with loadings
<0.40), analyzing the consistency of the items of each subscale, and
assessing the impact of (removing or maintaining) each item on the
subscale consistency. Moreover, the suitability of the data for struc-
ture detection was evaluated using the Kaiser-Meyer-Olkin and
Bartlett's test of sphericity.

Next we conducted structural equation modeling (SEM), and
according to recommendations (Boateng et al., 2018; Ximénez, 2006),
we report the following indicators for goodness-of-fit: the y?/df, the
square root mean residual (SRMR), the comparative fit index (CFl), and
the root mean square error of approximation (RMSEA). The following
thresholds for each indicator were considered acceptable: y2/df < 3,
SRMR < 0.08, CFl > 0.09 and RMSEA < 0.08. In terms of validity and
reliability, we sought average variance extracted (AVE) values higher
than 0.5 and squared AVE values superior to maximum shared vari-
ance values (for convergent and discriminant validity, respectively);

and composite reliability values superior to 0.7.

Following recommendations to improve goodness-of-fit (Hu &
Bentler, 1999; Picarra et al., 2015; Schumacker & Lomax, 2010), we con-
sidered the factor loadings of each item of the scale, the modification
indices, the presence of cross-loadings, and interitem correlations.

Temporal reliability was assessed by analyzing Cronbach's alpha
(@). In this context, if .06 > a = .05, we considered the reliability to be
poor; if .07 > a 2 .06, we considered the reliability to be questionable;
if 08 > a 2.07, we considered the reliability to be acceptable; if
.09 > a 2 .08, we considered the reliability to be good. Cronbach's a
below .05 and superior to .09 were considered unacceptable and
excellent reliability indicators, respectively.

Bivariate correlations were calculated between all items of the
RoSAS scale and between its subdimensions and the subdimensions
of the other scales included in this study, using both the entire sample
and separately for each sex.

Independent t-tests were conducted to examine potential mean
differences in the participant's scores for each dimension of the
RoSAS according to previous interaction with robots (coded in binary
terms: with and without) and according to sex.

Across all analyses, we used the standard a = .05 cut-off crite-
rion. Thus, the null hypothesis was rejected when p < .05 and not

rejected when p > .05.

4.2 | Descriptive statistics
We collected data from 205 participants. Of those 205, 20 were
excluded for failing to answer correctly to the attention check item. A
total valid sample of 185 participants was used for the preliminary val-
idation analysis. Most of the participants in this study were female
(~55%), with ages ranging between 18 and 35 years (M = 23.40;
SD = 5.21). Approximately 43% of the participants reported having a
university degree (bachelor's degree: 28.10%; master's degree:
14.60%; doctoral degree: 0.50%). The participants reported being
somewhat familiar with research in psychology (M = 3.56; SD = 1.76)
and participated in psychology studies frequently (M = 4.15;
SD = 1.97). Most participants reported either never interacting with a
robot (n = 84) or interacting with a robot at least once (n = 82). The
remaining 13 participants reported that interacting with robots is
something they consider a normal activity. All participants were native
speakers of Portuguese, and almost all participants identified them-
selves as being Caucasian Europeans.

Of the original 185 participants, 85 participated in the second
part of the study after the 15 weekday interval.

4.3 | Structure of the RoSAS

We initially conducted a CFA using maximum likelihood estimation to
evaluate the goodness-of-fit, allowing each item to load only on one fac-
tor and the factors to correlate. In the initial CFA, we observed that the
original scale structure did not present a good fit to our data, with sev-

eral items not loading onto the expected dimensions (see Table S1).
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TABLE 2 Average scores for the

. M+ SD
warmth, discomfort, and competence
dimensions of the Portuguese RoSAS Dimension Overall Women Men t p d
Warmth 2.32+1.56 214 +1.46 2.53+1.65 1.69 .09
Discomfort 415+ 1.70 426 +1.56 402 +1.85 -0.97 .34
Competence 5.78 +1.67 547 + 1.63 6.16 + 1.65 0.79 .005

Note: N = 185. The t and p values presented refer to comparing the mean scores for each category

between men and women.

Abbreviation: RoSAS, Robotic Social Attributes Scale.

The PNARS presented good levels of internal consistency both
for the NATIR dimension (0.83) and for the NARHT dimension (0.80),
superior to those reported in the validation study (0.75 and 0.73,
respectively, Picarra et al., 2015; see Table Sé for consistency values
according to sex).

The Godspeed items also presented good levels of consistency
for perceived likeability and perceived intelligence; however, the per-
ceived safety dimension presented unacceptable consistency (see
Table Sé). Furthermore, upon inspecting the factorial structure of the
Godspeed scales, we observed that the items did not present the
expected structure (see Table S2). In particular, the item “quiescent”
did not present acceptable loadings (i.e., >0.40) in any of the dimen-
sions. As such, we removed this item and estimated a second model.

The removal of this item generated a different model that pres-
ented a conceptual structure distinct from the original scale and of
the organization of the first model estimated. Because the resulting
factors could not be aggregated coherently in terms of their meaning
(see Table S2), we opted to examine each of these three models sepa-
rately (see Table 3). The interdimension correlations, however, were
calculated only for the first and second model, given that the lack of
coherent organization of the items of Model 3 made it difficult to
interpret constructively (see Table S2).

As expected, we found the RoSAS' competence dimension to be
negatively correlated with both the NARHT and NATIR dimensions of
PNARS; and the discomfort dimension to be positively correlated with
both. The warmth dimension was negatively correlated with NARHT
but was not significantly correlated with NATIR (see Tables S7
and S8).

Regarding the Godspeed scales, we found that warmth was not
significantly correlated with perceived likeability in neither of the
models we estimated. However, warmth was negatively correlated
with perceived intelligence in Model 1 (corresponding to the scale's
original configuration) and with perceived intelligence and safety in
Model 2 (estimated based on the organization of the scale's items in
the CFA).

In addition, as expected, we also found that the discomfort
dimension of RoSAS was negatively correlated with all of the God-
speed dimensions.

When considering the original configuration of the Godspeed
scales, we found competence to be positively correlated to per-
ceived intelligence and likeability. When considering the alterna-

tive configuration, we found that competence was positively

correlated with perceived likeability but not with other
dimensions.
As expected, all of the dimensions of the Godspeed scales were

negatively associated with both dimensions of the PNARS.

5 | DISCUSSION, LIMITATIONS, AND
CONCLUSION

The use of subjective measures is common in many areas of research,
including HRI. In this area, subjective measures can determine how
users perceive certain aspects of social robots or their interaction with
them, influencing how future social robots are designed and devel-
oped. Thus, it follows from the important practical implications of the
results that access to validated subjective measures that present both
good levels of reliability and validity is a fundamental necessity for
researchers in this area.

RoSAS is a scale developed by Carpinella et al. (2017) that has
been used to evaluate users' perceptions of social robots in multiple
studies. In this paper, we sought to validate the RoSAS for the
European Portuguese-speaking population. To investigate the psycho-
metric properties of this scale, we collected responses from a sample
of 185 native Portuguese individuals. We examined the scale's reli-
ability (both across time and items) and criterion validity (in relation to
the PNARS and Godspeed scales).

Based on SEM, we propose a shortened version of the original
scale in Portuguese, with 11 items instead of the original 18, while
maintaining the original three-factor structure. The Portuguese ver-
sion of RoSAS also presents good psychometric properties, satisfying
all the relevant recommended criteria to evaluate model fit, composite
reliability, and convergent and divergent validity (see Table 1).

In terms of criterion validity and following our hypotheses, we
found that competence is negatively associated with both dimensions
of PNARS; and that comfort is positively associated with them. These
results were expected as PNARS items measure general negative atti-
tudes. In other words, participants who associated robots with
warmth and perceived them to be competent tended to have fewer
negative attitudes toward them. In contrast, participants who report
higher levels of discomfort with social robots tended to have more
negative attitudes toward them.

We found only partial support regarding our hypothesis about
the warmth dimension, which we expected to be negatively



| WILEY.

Scale configurations of the RoSAS and Godspeed scales and translated items

TABLE 3

Godspeed (Model 2)

Godspeed (Model 1)

RoSAS

Perceived intelligence

Perceived safety

Perceived likeability

Perceived intelligence

Perceived safety

Perceived likeability
(Dis)Like/ (Gosto/

Competence

Discomfort

Warmth

(In)Competent

Anxious/Relaxed

(Dis)Like/ (Gosto/

(In)Competent

Anxious/Relaxed

Dangerous Competent

Emotional

(Ansioso/ (Competent/

Nao gosto)

(Competent/

(Ansioso/Relaxado)

(Perigoso) (Competente) Nao gosto)

(Emocional)

OLIVEIRA ET AL.

Incompetente)

Relaxado)
Agitated/Calm

Incompetente)

Ignorant/

(Un)Friendly

Agitated/Calm Ignorant/

Strange Interactive (Un)Friendly

Feeling

Knowledgeable

(Agitado/Calmo)

(Amigavel/Pouco

Amigavel)
(Un)kind (Simpético/

Knowledgeable

(Agitado/Calmo)

(Amigavel/Pouco

(Interativo)
Amigavel)
(Un)kind (Simpatico/

(Estranho)

(Sentimental)

(Ignorante/Culto)

(Ignorante/Culto)

(I)Responsible

(I)Responsible

Quiescent/Surprised

Aggressive Responsive

Happy (Feliz)

(Responsavel/

Pouco simpatico)

(Responsavel/

(Passivo/

Pouco simpatico)

(Responsivo)

(Agressivo)

Irresponsavel)

Irresponsavel)

Surpreendido)

(Un)Intelligent

(Un)Pleasant

(Un)Intelligent

(Un)Pleasant

Scary

Compassionate

(Inteligente/Pouco

Inteligente)
Foolish/Sensible

(Agravavel/Pouco
agradavel)
Awful/Nice

(Inteligente/Pouco

Inteligente)
Foolish/Sensible

(Agravavel/Pouco
agradavel)
Awful/Nice

(Assustador)

(Empatico)

(Pateta/Sensivel)

(Péssimo/

(Pateta/Sensivel)

(Péssimo/

Fantastico)

Fantastico)

Abbreviation: RoSAS, Robotic Social Attributes Scale.

associated with both dimensions of PNARS. In our data, this variable
was negatively associated with NARHT, but not NATIR. This finding
suggests that the items of the warmth dimension seem to capture
(or evoke) essentially aspects related to the perception of robots with
human traits and less to aspects related to interaction with robots.

Besides PNARS, we also examined the relationships between
responses to RoSAS items and Godspeed items. We did this even
though the Godspeed scales have not yet been validated for the
European-speaking Portuguese population. Nonetheless, we pursued
this issue because of the conceptual proximity between these mea-
sures and because the Godspeed has also been used many times in
studies with Portuguese participants. In this context, we argue that its
use and the information collected during this study is potentially infor-
mative and valuable for the community.

The Godspeed scales used in this study did not present good psy-
chometric qualities. As proposed by Bartneck et al. (2009), the original
model did not fit well with our data, with the items displaying a differ-
ent organization than the one expected. In our study, the items
allowed structure detection explaining approximately 49% of variance.
However, the resulting factorial structure (see Table S2) did not corre-
spond conceptually to the dimensions it proposed to measure
(i.e., perceived likeability, perceived intelligence, and perceived
safety).

The final factorial structure revealed a considerable overlap
between items that were supposed to belong to the perceived intelli-
gence dimension and items that were supposed to fit in the perceived
safety dimension (Factor 1 of the final model in Table S2). The items
belonging to the perceived likeability dimension in the original model
were divided into two factors in our analysis (Factor 2 including (Dis)
Like; Awful/Nice and (Un)Pleasant and Factor 3 including (Un)Friendly
and (Un)Kind; see Tables 3 and S2).

In addition, we cannot compare our findings regarding the facto-
rial structure of the Godspeed scales to other validation and evalua-
tion attempts, given that, to the best of our knowledge, none exist.
The original proposal collected and summarized a small number of
items that had been used in previous empirical studies to measure the
concepts of interest and reported only internal consistency measures
(Bartneck et al., 2009). A later qualitative analysis of the use of the
Godspeed scales revealed more in terms of its psychometric proper-
ties. However, this analysis added two main limitations in its use: one
regarding the inconsistency in the use of the initially proposed answer
format, and another observation concerning the participants' concerns
regarding the repetitiveness of the items and the difficulty in assigning
some high-level attributes to the robots.

It is notable in our analysis that, contrary to our expectations, we
found no correlation between warmth and perceived likeability. The
consistent findings of both models estimated for these scales seem to
indicate that (a) warmth is negatively correlated to perceived intelli-
gence, (b) competence is positively correlated with likeability, and
(c) discomfort is negatively correlated with all Godspeed dimensions.
When considering the original configuration of the Godspeed dimen-
sions, competence presents a positive correlation with perceived

intelligence, as expected.
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In terms of the temporal reliability of the scale, we found overall poor
values of correlation between pre-postmeasurements. However, these
poor levels of temporal reliability seem to be partially tied to the sex of
the respondent, with women consistently presenting worse values of reli-
ability across all dimensions compared with their male counterparts.

In general, all subscales presented acceptable or good levels of
internal consistency. One exception was the set of items that origi-
nally composed the subdimension of perceived safety (which can
likely be explained, in part, by the weak loadings of the “quiescent”
item on this dimension).

Regarding the relation between dimensions of the RoSAS, we
found a positive correlation between the warmth and competence
dimensions, but no other significant correlations, suggesting that par-
ticipants who perceive robots as being more competent also per-
ceived them higher in terms of warmth.

This study focused on developing and utilizing a psychometrically
validated general scale of robotic social perception in a new language,
broadening the tools available to HRI researchers and robot designers.
We look forward to the development of RoSAS scales adapted for
other cultural settings with a continued focus on the psychometric

properties of the scales as it is translated into other languages.
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