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Abstract

Personality factors can be predictors of acceptability and intention to use new technologies,
especially regarding education and care fields in the whole lifespan.

The aim of this study was to evaluate the predictive factors and attitudes of curricular and
specialized teachers towards socially assistive robotics and the intention to use robots in teaching
activities.

In our research, we investigated the impact of the personality factors measured with the Big Five
Questionnaire, on acceptability questionnaires derived by Eurobarometer and by the model Unified
Theory of the Acceptance and Use of Technology (UTAUT), administered respectively before and
after showing the possible uses of the robot NAO in education and teaching.

The study was conducted in four schools, participants were 114 teachers (52.07 &+ 8.22), aged 26 to
68 years, of the primary and middle school level.

The results highlight the primary role of the personality factors Openness to Experience and
Extraversion for promoting the acceptability and reduce the prejudicial reject regarding the use of
educational and assistive robotic technologies.

In conclusion, for using at best robotics in education, teachers need to receive appropriate training -
also on the basis of their attitudes and personality traits - to learn how to plan their educational
activities integrating the robotics tools.



1. Introduction

In recent years, the use of new technologies, like robotics, has been tested in many fields of
application and has opened up new views in the world of rehabilitation, psychology and education,
along the whole individual lifespan from kids to elderly.

Indeed, humanoid robots can assist in tasks ranging from coaching elderly patients in physical
exercise (Fasola & Matari¢, 2013; Yousuf, Kobayashi, Kuno, Yamazaki, & Yamazaki, 2012) or in
the field of education and care on the therapeutic applications for children with developmental
disabilities (Diehl, Schmitt, Villano, & Crowell, 2012; Rabbitt, Kazdin, & Scassellati, 2014), to
personalise health education for children (Belpaeme et al., 2012; Blanson et al., 2013), to assist
either teachers in telling pre-recorded stories to preschool children (Fridin, 2014)or parents in home
education (Kang, Freedman, Matari¢, Cunningham, & Lopez, 2005). Robots have been used for
simulating cognitive dysfunction (Conti, Di Nuovo, & Di Nuovo, 2015) and for the subsequent
simulation of rehabilitation treatment (Conti, Di Nuovo, Cangelosi, & Di Nuovo, 2016).

Socially Assistive Robotics (SAR) is the class of robotics that provides assistance to human users
through social, rather than physical, interaction (Feil-Seifer & Mataric, 2011). Currently, the main
populations in which SAR with children has been tested and applied are patients with motor
disorders (Wainer, Feil-Seifer, Shell, & Matari¢, 2006), children with autism spectrum disorders
(Conti, Di Nuovo, Trubia, Buono, & Di Nuovo, 2015; Villano et al., 2011) and kindergarten kids
(Conti, D1 Nuovo, Cirasa, & Di Nuovo, 2017).

In the field of child care, several studies have shown the positive impact of SAR on children with
social disorders (Kozima, Nakagawa, & Yano, 2004; Tanaka, Movellan, Fortenberry, & Aisaka,
2006) and typically developing children (Kozima et al., 2004).

For this reason, the use of technologies in educational processes, including robotics, has been
widely studied and their high acceptance among the students have been proved (Sciutti, Rea, &
Sandini, 2014; Conti, Cattani, Di Nuovo, & Di Nuovo, 2015). However, most studies in this sector
focused mainly on user characteristics, acceptance of robots in the classroom, and interaction
between them and robot but is reduced the literature that focused on the teacher’s perspective
(Buabeng-Andoh, 2012).

Considering that technology-supported educational practices are becoming increasingly introduced
and implemented in the teaching process, the acceptance of innovative educational technology by
teachers is a crucial issue (Hiltz, 1994; Jonassen, Peck, & Wilson, 1999).

The results of various studies have shown that the training allowed teachers to advanced knowledge
and skills in using and integrating robotics in STEM (Science, Technology, Engineering and Math).
Several studies (Chalmers & Macbeth, 2013; Hu & Garimella, 2015) indicated that teachers’
development of knowledge affected positively their confidence in implementing robotics in their
classrooms, after attending workshops and an increase in the number of teachers planning to use
this tool after they have gone through the training. Findings illustrated the importance of training to
support teachers’ development of knowledge and skills about robotics in the classroom. In another
study the author (Eguchi, 2014) noted that robotics provides rich “opportunities to integrate not
only STEM but also many other disciplines, including literacy, social studies, dance, music and art,
while giving students the opportunity to find new ways to work together to foster collaboration
skills, express themselves using the technological tool, problem-solve, and think critically and
innovatively.”

For this reasons without the teacher’s acceptance, educational technology cannot hope to deliver its
potential value (Zhao, Tan, & Mishra, 2001). Currently, robot developers and practitioners are
concerned about the acceptability of their tools. As a Eurobarometer study of public attitudes
towards robots shows, many people in Europe resist this idea of using robots in caring activities:
60% of EU citizens say that robots should be banned from the care of children, elderly people and
people with disabilities. There is also still considerable opposition to using robots in other ‘human’



areas: 34 % of respondents say robots should be banned in education, 27 % are against the use of
robots in healthcare and 20 % oppose their use for leisure purposes (European Commission, 2012).
While on the one hand the studies begin to be concerned with the “personality” of the robot, i.e. the
physical and expressive characteristics that this must have (De Ruyter, Saini, Markopoulos, & Van
Breemen, 2005), few are still interested in the relationship between the traits of personality and the
acceptability of subject who use robotics, especially in the educational field.

It is not new the idea that individual differences, including personality traits, have an impact on the
use and success of computer systems. It has long been known that personality traits act as
antecedents to attitudes and cognitive behaviours and to the subsequent involvement with
technologies (Agarwal & Prasad, 1999; Harrison & Rainer Jr, 1992; Zmud, 1979).

Several studies have used the aspects of the “Big Five Factors” model (Goldberg, 1990; McCrae &
Costa, 2003) to study the relationship between personality traits and internet and computer
acceptance. These studies examined the five factors that define the model: Extroversion,
Agreeableness, Consciousness, Emotional Stability, and Openness to Experience. These factors
have been studied also in relation to the use of computer tools and social networks (Rosen &
Kluemper, 2008), less about robotics technology.

2. Aims and hypothesis

The aim of the current study was to examine the impact of the Big Five personality traits on
robotics technology acceptance by curricular and specialized teachers. With “specialised” teacher
we mean additional training/specialisation for work with pupils with disability.

To the best of our knowledge, very few studies on robotics systems have examined this impact;
when many professionals in the field of mental health and education begin to use this technology, it
1s important for researchers to determine if a certainly personality type is more likely than others to
use this form of technology. In particular, it was intended to study which specific features are
predictors of greater acceptance; it is expected that positive personality factors will correlate with
equally positive emotions towards the robot and with the perception of utility and intention of use.
While this study is limited in context to SAR and using NAO humanoid robots, it will be important
to know whether certain personality types are more likely than others to accept general forms of
robotics technology.

3. Methods

3.1. Participants

All participants had no previous experience of interaction with social robotic platforms and were
recruited from four schools of primary and middle level. A total of 114 teachers participated in this
experiment; 49 (=42.98%) were specialized for assisting pupils with disabilities. The average age
was 52.07 years, standard deviation 8.22; ages ranged from 26 to 68 years. The 84.21% of the
sample was female, representing the composition of teacher’s general population. As regards
education, 62.26% had a Master’s degree, 25.43% a High School degree. The average years of
experience in teaching were 23.85, while among teachers specialized for disability were 2.17.

The ethical committee of each school approved the experiment protocols, the participants gave us
their written informed consent and all the data were collected in anonymous way.

3.2. Instruments

3.2.1. The NAO Humanoid Robotic Platform
The robotic platform used in our experiments is a NAO robot (Gouaillier et al., 2009) that is 58 cm
tall humanoid robot that looks like a toy and we used Choreographe, a developmental environment
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provided by the robot manufacturer Softbank Robotics (Pot, Monceaux, Gelin, & Maisonnier,
2009) to program its behaviours. NAO robot has 25 degrees of freedom, which allows it to perform
a variety of movements. The robot speaks with a child’s voice, expresses emotions (through verbal
and non-verbal communication), and uses proper vocabulary. In the various studies that have used
it, this robot was perceived by the participants as a smart, non-threatening educational tool (Nalin,
Tabor, Bergamini, & Sanna, 2012) with whom children and the elderly can positively interact
(Lépez Recio, Marquez Segura, Marquez Segura, & Waern, 2013; Shamsuddin, Yussof, Ismail,
Hanapiah, et al., 2012). Furthermore, NAO has pioneered the use of robotic toys as therapeutic and
educational aides and it is widely used in SAR (e.g. Fridin & Belokopytov, 2014; Kim, Park, &
Shyam Sundar, 2013; Shamsuddin, Yussof, Ismail, Mohamed, et al., 2012), especially in
acceptance studies (e.g. Conti, Cattani, et al., 2015; Conti, Di Nuovo, Buono, & Di Nuovo, 2017;
De Graaf & Ben Allouch, 2013).

3.2.2. Big Five Questionnaire - BFQ-2 (Italian adaptation of Caprara, Barbaranelli, Borgogni, &
Secchione, 2007).

Measures the “5 Big Factors” considered fundamental in personality description:

- Extraversion (E): subjects with high scores on this scale are considered “sociable, gregarious,
assertive, talkative, and active”,

- Agreeableness (A): trait associated with being courteous, flexible, trusting, good-natured,
forgiving, cooperative, soft-hearted and tolerant;

- Conscientiousness (C): reflects dependability; that is, being careful, thorough, responsible,
organized, and planful;

- Emotional Stability (ES): absence of feelings of anxiety, worry, insecurity and depression;

- Openness to Experience (OE): commonly associated with traits such as being imaginative,
cultured, curious, original, broad-minded, intelligent, and artistically sensitive; this factor helps
distinguishing creative from more conventional people (Barrick & Mount, 1991).

3.2.3. Eurobarometer Questionnaire

It was derived from Eurobarometer questionnaire (European Commission, 2012), and consisted of
questions aimed at investigating in the participants the knowledge and attitude towards robotics and
the use of it before their experimental demonstration. For our purpose, we use only 12 items of the
original questionnaire. In particular, are asked to indicate three main areas in which the subject
thinks the robot can be used or otherwise be banned.

3.2.4. Unified Theory of the Acceptance and Use of Technology (UTAUT)

This theory of acceptance and usability derives to a questionnaire proposed by Venkatesh, Morris,
Davis, & Davis (2003), verified by De Ruyter & Aarts (2004) and further improved by Heerink,
Krose, Evers, & Wielinga (2009), resulting in high reliability.

The original UTAUT English questionnaire was translated into Italian language and then back into
English to ensure translation equivalence (Brislin, 1970). Before starting the experiment, we
conducted a pilot study with the questionnaire (N = 4) to confirm the clarity of the instructions the
wording of the questions and to receive any comments to identify potential needs of modification.
In our version, we use only 29 of the 36 questions of the original questionnaire. Three questions are
reversed in negative (12, 17,20) compared to the original and the statements were not grouped by
construct but mixed, in order to maintain a high level of attention and avoid random or preference
responses of participants.

Definitely, participants indicate their agreement level to 29 statements on a five-point Likert scale
including verbal anchors: totally disagree (1) — disagree (2) — neither agree nor disagree (3) — agree
(4) — totally agree (5).

Scores are sub-scales that represent specific robotic acceptance constructs that are:

- Anxiety in the perception of robots (ANX): evoking anxious or emotional reactions when using



the robot;

- Attitude to use them (ATT): positive or negative feelings about the appliance of the technology;

- Facilitating Conditions in their use (FC), objective factors in the environment that facilitate using
the robot;

- Intention To Use (ITU): the outspoken intention to use the robot over a longer period in time;

- Perceived Adaptability (PAD): the perceived ability of the robot to be adaptive to the changing
needs of the user,

- Perceived Enjoyment (PENJ): feelings of joy or pleasure associated by the user with the use of
robot;

- Perception of Sociability (PS): the perceived ability of the robot to perform sociable behaviour;

- Perceived Usefulness (PU): the degree to which a person believes that using the system would
enhance his or her daily activities;

- Social Influence (SI): the user’s perception of how people who are important to him think about
him using the robot;

- Social Presence (SP): the experience of sensing a social entity when interacting with the robot;

- Trust (TR): the belief that the robot can perform with personal integrity and reliability.

3.3. Procedure

The experiment was performed in school rooms that had a good light and without background
noise. All the rooms were equipped with a high definition projector and with non-fixed chairs.

The experiment was carried out during two different afternoon sessions.

During the first session, the teachers filled out the BFQ-2 questionnaire without any time limit.
After a week, the second session was held, consisting of three parts. First, the participants compiled
12 items of Eurobarometer questionnaire. After return of the questionnaire, a video was screened
for the NAO robotic platform in which the robot interacted with children both in the field of
education (Conti, Di Nuovo, Cirasa, et al., 2017) and in a clinical setting (Conti, Di Nuovo, Trubia,
et al., 2015) of about 7 minutes.

At the end of the projection, each participant was given the UTAUT questionnaire that could be
compiled without any time limit. The total time for the second session was about forty minutes.

All participants anonymously filled the questionnaire. A final discussion was held to allow
participants to express their own thoughts and, thus, provide more information for the research.

All questionnaires BFQ-2, Eurobarometer and UTAUT, were compiled in anonymous form, with
the exception of demographic and cultural characteristics. Furthermore, in order to attribute each
questionnaire to a person, each teacher was asked to write a word, number, or letter to remember
and use at each session.

4. Data Analysis

The descriptive analysis of the tendency to the use of technology was performed, using Student's ¢
to evaluate differences between teachers with and without specialization.

Linear zero-order correlations between BFQ factors, UTAUT and Eurobarometer variables were
calculated using Pearson r. Pearson’s correlation was used also to examine the relationship between
educational and assistive use of the robot and educational and assistive rejection of the robot, for
curricular and specialized teachers, and the constructs of the UTAUT questionnaire.

A stepwise multiple regression analysis with the backward method (p to remove=.15) to test the
hypotheses considering BFQ factors as predictors and acceptation as dependent variables.

All the statistical analyses were performed using the Statistical Package for Social Science (SPSS),
version 24.



5. Results

In line with the Eurobarometer research(European Commission, 2012), the perception that teachers
have before the experimental demonstration of the fields where the robot can be used with greater
profit, mainly concerns industrial production (20.17% as the first choice), search and rescue
(16.66%) and home use, e.g. cleaning up (14.91%). None of the respondents predicted the use of
the robot for education as the first choice, while it was a second choice for 2.67% and third choice
for 3.5% of participants.

At the same time, the first areas in which robots' use should be banned are leisure (14.91%),
education (14.03%) and care of children, elderly and the disabled (9.64%). However, the 34.32% of
the sample claims that robots “should not be forbidden in any field”.

Table 1 reports the comparison and differences between the teachers with and without
specialization.

Table 1 -Differences between the two groups of teachers, and statistical significance.

Specialized Curricular Differences
Teachers Teachers
M SD M SD t p
Teaching Experience (years) 21.96 10.07 26.67 1081 -2.03 .04

Do you think that in education the robots .20 .70 .08 .50 .87 38
should be used as a priority?

Do you think that in care of children, .41 .88 .19 .62 1.23 22
elderly, and disabled the robots should be

used as a priority?

Do you think that in education the robots .88 1.18 1.22 1.26  -1.28 .20
should be banned?

Do you think that in care of children, .61 1.03 75 1.02  -60 .54
elderly, and disabled the robots should be

banned?

Anxiety 3.17 1.01 2.94 1.08 .99 32
Intention to Use 2.98 .99 2.80 .84 .88 37
Perceived Usefulness 3.25 .85 2.98 .86 143 .15

Examining the correlations in the participants’ sample, emerges with statistical significance (p <.05,
after Bonferroni’s correction) that the Extraversion factor (E) correlates with Perceived Usefulness
(PU=.21), Social Presence (PS=.32) and also with Social Influence (SI=.31). Furthermore, teachers’
Extraversion correlates with Attitude (ATT=.273), with Perceived Enjoyment (PENJ=.32) and
Perceived Adaptability (PAD =.35). Finally, the Extraversion shows a significant correlation with
Facilitating Conditions (FC=.36) and Intention to Use robots (ITU=.35); this could explain the
correlation existing between Extraversion and the teachers' agreement with the Eurobarometer item
affirming that “robots are a good thing for society, because they help people” (r =.27).

The Agreeableness factor (A) is directly related to the general interest that the sample demonstrates
for scientific discoveries and technological developments (r=.27), and the agreement that robots are
a good social support in the Eurobarometer questionnaire (r=.22). Agreeableness is also related to
Perceived Enjoyment (PENJ =.19) and Perceived Adaptability (PAD =.29).

Conscientiousness factor (C) correlates with interest in scientific discoveries and technological
developments (r=.25), and with the perception that robots can be a good social support (r=.21).

The Emotional Stability factor (ES), which is the control of emotions and impulses, is directly
related to more Anxiety in the perception of robots (ANX=.25), more Perceived Enjoyment
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(PENJ=.21), Perceived Adaptability (PAD=.19), Perception Sociability(PS=.21) and Trust
(TR=.21) in robotic fields.

The Openness to Experience(OE) correlates directly with interest in scientific discoveries and
technological developments (r=.34), with the idea that robots can be social support (= .35) and
specifically “robots are needed because they can do jobs that are too fatigued or dangerous for
people” (r=.21). Openness to Experience (OE) allows for to find in technology a good ally for
Perception Sociability (PS =.19) because it is believed that “the robot will be able to increase future
job opportunities” (r=.18). All this is supported by Attitude (ATT=.31), a good perception of
technology usefulness (r=.24), Perceived Enjoyment (PENJ=.39) and Perceived Adaptability
(PAD=.29) in the Intention To Use (ITU=22) of robot. To confirm this, we find that the factor
Openness to Experience(OE) is inversely related to the reject to use of the robot in educational (r=-
.19) and assistive (r=-.22) fields. However, a condition of Openness to Experience(OE) involves
also a tendency to Anxiety (ANX =.26) typical of the new conditions.

Finally, the Lie scale (L), which provides a measure of the respondent's propensity to give a falsely
positive outlook in a social context, is directly correlates with Social Influence (SI=.22), with Social
Presence (SP=.20) and with Trust (TR=.22). Finally, the subject who tends to create a favourable
self-distortion (with a higher Lie score) tends to give a better perception of assistive robotics
regarding the variables of influence and social presence of trust.

Multiple regression analyses have evaluated the incidence of BFQ test factors (considered as
predictors) on individual variables of the questionnaires regarding acceptability; only the variables
resulted significant in the previous correlational analysis were included in the regression model.
The results are shown in Tables 2, 3a and 3b.

In Table 2 we can see that Agreeableness (A) and Emotional Stability (ES) are predictors of
Acceptance the social utility of the robot, while Openness to Experience (OE) is a predictor of both
interest in technology and also the acceptance of the social utility of the robot.

Table 2 - Multiple regressions - Predictors: BFQ factors; dependent variables: Interest in
technology and Acceptance the social utility of the robot (Eurobarometer).

Interest in | Acceptance  the
BFQ technology social utility of
the robot
R*=.155 R’=.162

pt p p t p
Extraversion .00 .03 .97 05 61 54
Agreeableness 06 58 56| 25 250 .01
Conscientiousness d6 1.61 .11 | -.07 -70 .48
Emotional Stability -03 -36 .71 | -26 -2.81 .00
Openness to Experience | .29 2.89 .00 | .22 221 .02

Tables 3a and 3b shows that Extraversion is predictor of all of the variables of the UTAUT, with the
exception of Anxiety.

Agreeableness is only predictor of Perceived Adaptability, while Conscientiousness besides being a
predictor of Perceived Adaptability, is also a predictor of Perceived Usefulness and Perception
Sociability.

Finally, Emotional Stability is predictor of Anxiety, whereas Openness to Experience is predictors
of Attitude, Perceived Enjoyment and Perceived Usefulness.



Table 3a - Multiple regression - Predictors: BFQ factors; dependent variables: Anxiety (ANX),
Attitude towards robots (ATT), Intention To Use them (ITU), Perceived Enjoyment (PED) and
Perceived Adaptability (PAD)

Anxiety Attitude Intention to Perceived Perceived
BFQ Use Enjoyment Adaptability

R’=.115 R’=.140 R’=.160 R’*=.230 R’=.209

p ¢t p|p t p|p t p| B t p|P t p
Extraversion -.05-51 .60].18 196 .05|.33 3.54 .00 .22 247 .01| 26 2.82 .00

Agreeableness .05 51 61(.07 72 47(.08 .83 40| .08 .81 41| .23 236 .02
Conscientiousness | .05 .55 .57|-.07 -.075 451-.16 -1.65 .10|-.15 -1.63 .10|-.11 -1.66 .09

Emotional 19 2.05.04|.05 53 59]-01 -.10 91|.09 1.05 29|.07 86 .38
Stability

Openness to 19 191 .06|.22 224 .02|.11 1.15 25| .30 3.17 .00| .14 146 .14
Experience

Table 3b - Multiple regression - Predictors: BFQ factors, dependent variables: Perceived
Usefulness (PU) and Perception Sociability (PS)

Perceived Perception
BFQ Usefulness Sociability
R*=.126 R’=.165
p t p p t p
Extraversion 18 1.85 .06 30 3.19 .00
Agreeableness -.04 -39 .69 08 .79 42

Conscientiousness | -.17 -1.75 .08 -17 -1.80 .07
Emotional Stability | .08 .91 .36 14 1.56 .12

Openness to 22 216 .03 | 07 71 47
Experience

A further analysis was devoted to assess separately for curricular and specialized teachers the
correlations between educational and assistive use or rejection of the robots, and UTAUT
questionnaire constructs Perceived Enjoyment, Usefulness and Intention to use (table 4).



Table 4 - Pearson correlations separate for curricular and specialized teachers between
educational and assistive use or rejection of the robots, and UTAUT questionnaire constructs
Perceived Enjoyment, Usefulness and Intention to use.

Perceived Perceived Intention to Use
Enjoyment(PENJ) Usefulness (PU) (ITU)
curric. special. curric. special. curric. special.
Do you think that in education the
robots should be used as a priority? 00 23 00 31" -09 15
Do you think that in care of
children, elderly, and disabled the
robots should be used as a priority? .29 12 .20 31 27 33"
Do you think that in education the
robots should be banned? -20 -30° -10 427 -.26 -28"
Do you think that in care of
children, elderly, and disabled the
robots should be banned? -23 -.07 -.17 -27 -.14 -.26
IAge -.07 .00 -.12 .07 =32 .06
Teaching Experience (years) -.06 .04 -.09 .09 -34" .04

p<.05 " p<.0l

Perceived Enjoyment (PENJ) of specialized teachers is inversely related to the reject to use robots
in educational sector (=-.30).

Perceived Usefulness (PU) the teachers with specialization correlate positively to use the robot as a
priority in an assistive sector or rather in the care of children, the elderly and the disabled (=.31) and
in the educational context (=.31). To confirm this, we find that there is a negative correlation with
the reject to use robots in the educational sector (=-.42).

Teachers with specialization also intend to use robotic tools in the assistive context (=.33) and do
not reject them in the educational sector (=-.28).

In the teachers without specialization Intention To Use (ITU) is inversely proportional to teaching
experience, that is those with less years of work tend to be more willing to use robots during their
teaching activities.

Finally, the correlations regarding age and teaching experience are low and not statistically
significant (p>.05) for all the variables, except intention to use which inversely correlates with
teaching experience.

6. Discussion

In this paper, we reported the results of a study on traits of personality and acceptance of robotic
technology in the education field by a group of teachers, both curricular and specialized, of the
primary and middle school level.

The study confirmed the reliability of the UTAUT model and questionnaire and its applicability in
the context of education.

Results have shown that Openness to Experience plays a decisive role in the interest of scientific
discoveries and technological developments, such feelings of joy or pleasure, associated with the
use of the robot, develop the belief that the using the system would improve its daily activities.

In addition, Conscientiousness allows perceiving the robot capable of adapting to the changing
needs of the user, even of social behaviour, and this leads to think that the use would improve its
daily activities.

However, the personality factor that has a determining role is Extraversion, where we find subjects
sociable, assertive, talkative, and active. We have reported how all the constructs of the UTAUT are
related to this personality factor, with the exception of anxiety. In the teachers without
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specialization the Intention To Use is inversely proportional to teaching experience, that is those
with less years of work (i.e. the younger teachers) tend to be more willing to use robots during their
teaching activities.

In conclusion, we have found that in order to plan the use of robots in the educational field, is
appropriate to considerate the personality of the teachers, both with specialization and without
specialization. In order to effectively integrate robotics in education and continue to bring the
typical Extraversion and curiosity of the early years of experience, teachers need to receive
appropriate training to learn how to program and integrate the tools into their teaching (Vollstedt,
Robinson, & Wang, 2007).Some researchers (Alemdar & Rosen, 2011) stressed that well-trained
teachers along with an appropriate theoretical and pedagogical foundation are essential to
successful integration of robotics in the classroom.

We highlight that the meaningful benefits of technology including robotics can be achieved if those
tools are accepted, used and implemented by skilful and knowledgeable teachers to support
students’ educational needs (Thomaz et al., 2009). For this reason, the implementation of robotics
requires providing teachers with sufficient training to ensure they feel comfortable with
programming and how to integrate robotics in the activities (Santos et al., 2016; Vollstedt et al.,
2007).

One limitation of the study is the use of videos as stimuli. We have shown a video to the
participants, it is difficult to know their interpretation and imagination. Indeed, the videos are useful
to understand indirect interaction and impressions from perception, but in order to understand the
effect of embodiment, it is necessary to conduct real interactions among robot and users.

Acknowledgements

The authors gratefully thank the head teachers of the Comprehensive Institutes: Cavour, Edmondo De
Amicis, Federico di Svevia, and Raffaello Sanzio of Catania, and all the teachers who participated in this
study.

Thanks to the psychologists Carla Cirasa and Roberta Masotta who cooperated in the collection of data.

The work of Daniela Conti was supported by the European Union’s H2020 research and innovation program
under the MSCA-Individual Fellowship grant agreement no. 703489.

References

Agarwal, R., & Prasad, J. (1999). Are individual differences germane to the acceptance of new
information technologies? Decision Sciences, 30(2), 361-391.

Alavi, M. (1994). Computer-mediated collaborative learning: An empirical evaluation. MIS
Quarterly, 159—-174.

Alemdar, M., & Rosen, J. H. (2011). Introducing K-12 teachers to LEGO Mindstorm Robotics
through a collaborative online professional development course. In 2011 ASEE Annual
Conference & Exposition (pp. 22-959).

Barrick, M. R., & Mount, M. K. (1991). The big five personality dimensions and job performance:
a meta-analysis. Personnel Psychology, 44(1), 1-26.

Belpaeme, T., Baxter, P. E., Read, R., Wood, R., Cuayahuitl, H., Kiefer, B., ... Enescu, V. (2012).
Multimodal child-robot interaction: Building social bonds. Journal of Human-Robot
Interaction, 1(2), 33-53.

Blanson, O. A., Bierman, B. P. B., Janssen, J., Neerincx, M. A., Looije, R., Van der Bosch, H., &
Van der Giessen, J. A. M. (2013). Using a robot to personalise health education for children
with diabetes type 1: a pilot study. Patient Education and Counseling, 92(2), 174-81.

11



Brislin, R. W. (1970). Back-translation for cross-cultural research. Journal of Cross-Cultural
Psychology, 1(3), 185-216.

Buabeng-Andoh, C. (2012). Factors influencing teachers’ adoption and integration of information
and communication technology into teaching: A review of the literature. International Journal
of Education and Development Using ICT, 8(1), 136—155.

Caprara, G. V, Barbaranelli, C., Borgogni, L., & Secchione, M. (2007). Big Five Questionnaire-2.
Firenze (IT): Giunti OS.

Chalmers, C., & Macbeth, P. (2013). Creating synergy in teacher education through robotics-based
STEM activities. In Australian Teacher Education Association (ATEA) Conference, 30 June-3
July, Queensland University of Technology, Brisbane, QLD.

Conti, D., Cattani, A., Di Nuovo, S., & Di Nuovo, A. (2015). A cross-cultural study of acceptance
and use of robotics by future psychology practitioners. In 24th IEEE International Symposium
on Robot and Human Interactive Communication, RO-MAN, (pp. 555-560). IEEE.

Conti, D., Di Nuovo, A., Cirasa, C., & Di Nuovo, S. (2017). A comparison of kindergarten
storytelling by human and humanoid robot with different social behavior. In Proceedings of
the Companion of the 2017 ACM/IEEE International Conference on Human-Robot Interaction
(pp- 97-98). ACM.

Conti, D., Di Nuovo, S., Buono, S., & Di Nuovo, A. (2017). Robots in education and care of
children with developmental disabilities: a study on acceptance by experienced and future
professionals. International Journal of Social Robotics, 9, 51-62.

Conti, D., Di Nuovo, S., Cangelosi, A., & Di Nuovo, A. (2016). Lateral specialization in unilateral
spatial neglect: a cognitive robotics model. Cognitive Processing, 17(3), 321-328.

Conti, D., Di Nuovo, S., & Di Nuovo, A. (2015). Cognitive robotics for the modelling of cognitive
dysfunctions: A study on unilateral spatial neglect. In Development and Learning and
Epigenetic Robotics (ICDL-EpiRob), 2015 Joint IEEE International Conference on (pp. 300—
301). IEEE.

Conti, D., Di Nuovo, S., Trubia, G., Buono, S., & Di Nuovo, A. (2015). Use of Robotics to
Stimulate Imitation in Children with Autism Spectrum Disorder: A Pilot Study in a Clinical
Setting. In /EEE RO-MAN (pp. 1-6).

De Graaf, M. M. A., & Ben Allouch, S. (2013). Exploring influencing variables for the acceptance
of social robots. Robotics and Autonomous Systems, 61, 1476—1486.

De Ruyter, B., & Aarts, E. (2004). Ambient intelligence: visualizing the future. In Proceedings of
the working conference on Advanced visual interfaces - AVI 04 (p. 203).

De Ruyter, B., Saini, P., Markopoulos, P., & Van Breemen, A. (2005). Assessing the effects of
building social intelligence in a robotic interface for the home. Interacting with Computers, 17,
522-541.

Diehl, J. J., Schmitt, L. M., Villano, M., & Crowell, C. R. (2012). The Clinical Use of Robots for
Individuals with Autism Spectrum Disorders: A Critical Review. Research in Autism Spectrum
Disorders, 6(1), 249-262.

Eguchi, A. (2014). Robotics as a learning tool for educational transformation. In Proceeding of 4th
International Workshop Teaching Robotics, Teaching with Robotics and 5th International
Conference Robotics in Education, Padova, Italy (pp. 27-34).

European Commission. (2012). Eurobarometer Special 382: Public Attitudes towards Robots.
12



Brussels, Belgium.

Fasola, J., & Matari¢, M. J. (2013). A Socially Assistive Robot Exercise Coach for the Elderly.
Journal of Human-Robot Interaction, 2(2), 3-32.

Feil-Seifer, D., & Mataric, M. (2011). Automated detection and classification of positive vs.
negative robot interactions with children with autism using distance-based features. In
Proceedings of the 6th international conference on Human-robot interaction (pp. 323-330).
ACM.

Fridin, M. (2014). Storytelling by a kindergarten social assistive robot: A tool for constructive
learning in preschool education. Computers and Education, 70, 53—64.

Fridin, M., & Belokopytov, M. (2014). Embodied Robot versus Virtual Agent: Involvement of
Preschool Children in Motor Task Performance. International Journal of Human-Computer
Interaction, 30(6), 459-469.

Goldberg, L. R. (1990). An alternative* description of personality”: the big-five factor structure.
Journal of Personality and Social Psychology, 59(6), 1216.

Gouaillier, D., Hugel, V., Blazevic, P., Kilner, C., Monceaux, J., Lafourcade, P., ... Maisonnier, B.
(2009). Mechatronic design of NAO humanoid. 2009 [EEE International Conference on
Robotics and Automation. http://doi.org/10.1109/ROBOT.2009.5152516

Harrison, A. W., & Rainer Jr, R. K. (1992). The influence of individual differences on skill in end-
user computing. Journal of Management Information Systems, 93—111.

Heerink, M., Krose, B., Evers, V., & Wielinga, B. (2009). Measuring acceptance of an assistive
social robot: A suggested toolkit. In Proceedings - IEEE International Workshop on Robot and
Human Interactive Communication (pp. 528-533).

Hiltz, S. R. (1994). The virtual classroom: Learning without limits via computer networks. Intellect
Books.

Hu, H., & Garimella, U. (2015). Beginner Robotics for STEM: Positive Effects on Middle School
Teachers. Research Highlights in Technology and Teacher Education 2015, 61.

Jonassen, D. H., Peck, K., & Wilson, B. G. (1999). Learning with technology: A constructivist
approach. Upper Saddle River, NJ: Merrill.

Kang, K. Il, Freedman, S., Matari¢, M. J., Cunningham, M. J., & Lopez, B. (2005). A hands-off
physical therapy assistance robot for cardiac patients. In Rehabilitation Robotics, 2005. ICORR
2005. 9th International Conference on (pp. 337-340). IEEE.

Kim, K. J., Park, E., & Shyam Sundar, S. (2013). Caregiving role in human-robot interaction: A
study of the mediating effects of perceived benefit and social presence. Computers in Human
Behavior, 29, 1799-1806.

Kozima, H., Nakagawa, C., & Yano, H. (2004). Can a robot empathize with people? Artificial Life
and Robotics, 8(1), 83-88.

Lopez Recio, D., Marquez Segura, E., Marquez Segura, L., & Waern, A. (2013). The NAO models
for the elderly. In Proceedings of the 8th ACM/IEEE international conference on Human-robot
interaction (pp. 187-188). IEEE Press.

McCrae, R. R., & Costa, P. T. (2003). Personality in adulthood: A five-factor theory perspective.
Guilford Press.

13



Nalin, M., Tabor, M., Bergamini, L., & Sanna, A. (2012). Children’s perception of a Robotic
Companion in a mildly constrained setting: How children within age 8 — 11 perceive a robotic
companion Categories and Subject Descriptors. In Human-Robot Interaction 2011 Conference
Workshop on Robots with Children.

Pot, E., Monceaux, J., Gelin, R., & Maisonnier, B. (2009). Choregraphe: A graphical tool for
humanoid robot programming. In Proceedings - IEEE International Workshop on Robot and
Human Interactive Communication (pp. 46-51).

Rabbitt, S. M., Kazdin, A. E., & Scassellati, B. (2014). Integrating Socially Assistive Robotics into
Mental Healthcare Interventions: Applications and Recommendations for Expanded Use.
Clinical Psychology Review.

Rosen, P. A., & Kluemper, D. H. (2008). The impact of the big five personality traits on the
acceptance of social networking website. AMCIS 2008 Proceedings, 274.

Santos, I. M., Ali, N., Khine, M. S., Hill, A., Abdelghani, U., & Al Qahtani, K. A. (2016). Teacher
perceptions of training and intention to use robotics. In Global Engineering Education
Conference (EDUCON), 2016 IEEE (pp. 798-801). IEEE.

Sciutti, A., Rea, F., & Sandini, G. (2014). When you are young, (robot’s) looks matter.
Developmental changes in the desired properties of a robot friend, in Robot and Human
Interactive Communication, 2014 RO-MAN: The 23" IEEE International Symposium on IEEE
(pp.567-573).

Shamsuddin, S., Yussof, H., Ismail, L., Hanapiah, F. A., Mohamed, S., Piah, H. A., & Zahari, N. L.
(2012). Initial response of autistic children in human-robot interaction therapy with humanoid
robot NAO. 2012 IEEE S&8th International Colloquium on Signal Processing and Its
Applications, 188—193.

Shamsuddin, S., Yussof, H., Ismail, L. 1., Mohamed, S., Hanapiah, F. A., & Zahari, N. 1. (2012).
Initial Response in HRI- a Case Study on Evaluation of Child with Autism Spectrum Disorders
Interacting with a Humanoid Robot NAO. Procedia Engineering, 41, 1448—1455.

Tanaka, F., Movellan, J. R., Fortenberry, B., & Aisaka, K. (2006). Daily HRI evaluation at a
classroom environment: reports from dance interaction experiments. In Proc 1st Annual Conf
on HumanRobot Interaction HRI (pp. 3-9).

Thomaz, S., Aglaé, A., Fernandes, C., Pitta, R., Azevedo, S., Burlamaqui, A., ... Gongalves, L. M.
G. (2009). RoboEduc: a pedagogical tool to support educational robotics. In Frontiers in
Education Conference, 2009. FIE 09. 39th IEEE (pp. 1-6).

Venkatesh, V., Morris, M., Davis, G., & Davis, F. (2003). User acceptance of information
technology: Toward a unified view. MIS Quarterly, 27, 425-478.

Villano, M., Crowell, C. R., Wier, K., Tang, K., Thomas, B., Shea, N., ... Diehl, J. J. (2011).
DOMER: A Wizard of Oz interface for using interactive robots to scaffold social skills for
children with Autism Spectrum Disorders. In Human-Robot Interaction (HRI), 2011 6th
ACM/IEEE International Conference (pp. 279-280).

Vollstedt, A.-M., Robinson, M., & Wang, E. (2007). Using robotics to enhance science, technology,
engineering, and mathematics curricula. In Proceedings of American Society for Engineering
Education Pacific Southwest annual conference, Honolulu: Hawaii.

Wainer, J., Feil-Seifer, D., Shell, D. A., & Matari¢, M. J. (2006). The role of physical embodiment
in human-robot interaction. In Proceedings - IEEE International Workshop on Robot and
Human Interactive Communication (pp. 117-122).

14



Yousuf, M. A., Kobayashi, Y., Kuno, Y., Yamazaki, K., & Yamazaki, A. (2012). Establishment of
spatial formation by a mobile guide robot. In Human-Robot Interaction (HRI), 2012 7th
ACM/IEEE International Conference (pp. 281-282).

Zhao, Y., Tan, S. H., & Mishra, P. (2001). Teaching and learning: Whose computer is it? Journal of
Adolescent and Adult Literacy, 44(4), 348-381.

Zmud, R. W. (1979). Individual differences and MIS success: A review of the empirical literature.
Management Science, 25(10), 966-979.

15



