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Abstract

This work reports on a pilot study devoted to investigate whether the direct experience of
building a robot by children enables them to obtain a more effective and complex learning of
what a robot is. The study consists of an experiment carried out with eighteen pupils of the same
age, attending a secondary school inUdine (Italy). The experiment was aimed to allow children
to build up a simple robot, and in this experience, the children were supported by two researchers
and by one of their teachers. The results showthat this concrete experience activated in the
children affective, emotional, physical, and social dimensions and brought them to the
development of a more sophisticate conceptualization of robots. The learning by doing approach
was quite effective also in strengthening the children’s social behavior and improving their
mechanical knowledge and manual abilities.
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Introduction

It has been shown that adults can feel uneasy about new technologies and can, in particular, be
troubled by the introduction of social robots into their domestic life [1]. However, as Taipale et
al. [1] report adults are more willing to accept robots in educational settings. Children appear to
positively welcome robots and to be quite entertained by such technologies in the educational
settings: The probable reason is that their imagination is nurtured by robot movies and cartoon
characters and they are familiar with toy robots, from dolls representing a form of proto-robot
to robot transformers [2].

However, according to many studies, gender differences persist in educational settings: For
example in Liu’s study [3], more males than females considered the learning of robotics as a
way to pursue an employment and deepen high-technology knowledge. In addition, in certain
disciplines such as engineering, information science, and physics, a gender gap persists [4]. The
University of Udine addressed this topic organizing the International Workshop “Women and
Science” in January 2005, followed by a specific program addressing this gap and offering grants
to the women who decided to enroll in these courses. The gender gap has to be seen as an
alarming phenomenon not only with regard to scientific matters, where women are less
numerous than men, but similarly, in education where men are less numerous than women.
Both these gender gaps distort the process of teaching as well as learning. In this unequal
framework, robotics has served as an appreciated vehicle for pipelinebased technology literacy
programs [5], because of robotics’ ability to attract and inspire the imagination of pupils (boys
and girls) who are often unmotivated by traditional classroom curricula. In the USA, several
programs such as USFIRST, BEST, and Botball have engaged more than 75,000 students [6]
and also in Europe (and in Italy) similar programs are spreading!. The present pilot study on
educational robotics has been designed by embracing the approach of “pervasive fabrication in
education” [7], which tries to explore dimensions of educational technology. As Druin and
Hendler [5] have stressed, new technologies can reinvigorate the old tradition of students’
learning through driven design and construction. Traditionally, students have often accessed
educational content by building and fashioningv objects with craft materials.

1 The conference “RIE (Robotics and Innovations in Education)” held in Modena (Italy) on November 18-19, 2013,
tried to map and discuss all the initiatives carried out in Italy about robotics and educational innovations.



The use of construction has historically been a conceptual lens through which students could
deal with the physical, natural, and technological world. We believe that even more so today it
is worth to offer to children the possibility to work with artifacts and understand their properties,
as the current education process is invested by a tendency to virtualize and then to dematerialize
(most of the current students’ work remains invisible in the form of files). Combining the analog
with the digital has the potential to enrich the old fabrication practices and to rematerialize the
learning process. This work reports on an experiment carried out in Udine (Italy) involving 9
pairs of children (7 girls, 11 boys), aged 11-12, out of a group of 18 secondary school students
of the same class. The main aim of the experiment was to construct simple, artistic, and narrative
robots from the very beginning with poor and recycled materials, on the premise that the direct
experience in building an object (robot) will enable a more complex knowledge of it at emotional,
affective, memory, gestural, and bodily level. The second aim was to investigate whether in the
experiment, gender differences emerged and in favor of whom (boys or girls). To do so, this
work involves in the experiment girls and boys with the aim to overcome the abovementioned
differences, and it pursues the idea that the adopted strategy can help girls to fill, with respect
to boys, the gap in scientific matters. The present study is grounded on the cited literature [2]
that reports children’s generic, positive attitudes, and reactions toward robots, considering that,
to our knowledge, these attitudes and reactions have been so far partially investigated.
According to Woods [8], children’s perceptions and evaluations of different robot designs might
be considered an unexplored area within robotics research, and the persistence of this gap in
the literature is a serious problem considering that several robots are designed for children.
Woods’ study [8] attempted to fill this gap by investigating how a large sample of children (N "
159) evaluated 40 robot images by compiling a questionnaire about robot appearance, robot
personality dimensions, and robot emotions.

One interesting result of this study is that even primary school-aged children were able to
develop a symbolic relationship with a robot. The present study tries to expand Woods’ research
to other aspects of the relationship between children and robots by investigating children’s
categorical conceptualization about robots and introducing in the theoretical framework the time
factor. To this aim, we designed a children-centered interaction experiment to investigate
children’s initial and final technological frames of robots [9]. This has enabled us to understand
first of all whether the experiment has caused changes in children’s conceptualization of robots
and, if this was true, which ones. Furthermore also changes in the mechanical knowledge as well
as manual skills were explored. The experiment was in fact designed to measure what the
involved children have learned as a whole and in which interaction climax. One important choice
that was taken when the experiment was designed was to work with craft materials and not with
construction kits such as Lego Mindstorms, in order to avoid the limitations pointed out by
Eisenberg et al. [10]. Generally, these kits enable users to reproduce only static and limited
object shapes (robots). Building simple robots is an activity that entails not only fun, but also a
complex process of familiarization with the objects’ substantial structure, collaborative work
practices, as well as, the development of several learning processes. The expectations were that,
through the proposed experiment, children will improve and enrich their conception of robots.
Children were expected to get back more than fun since, through the dyadic interaction, they
would experience all at once, a complex process of social learning [4, 11].

Finally, it was expected that girls would benefit more than boys from this experiment, given
the more limited interest generally expressed by women toward this kind of technology. The
theoretical framework in which the experiment has been rooted with regard to children’s notion
of robots is made of the following set of theories that come from social sciences. We refer here
to Bartlett’'s [12] and Neisser’s [13] research on mental schemes that rely on the data one get
from experience. Neisser, in particular, talks about anticipatory schemes deriving from previous
knowledge which originate expectations and beliefs and in turn, guide the individual exploration
of the world. The new knowledge acquired by acting will change these anticipatory schemes and
hence, the subjective expectations and beliefs, originating new behaviors. According to Neisser,
perceiving does not mean to assign an object to a category but build suitable schemes in various
situations and contexts in order to acquire an understanding of the properties that differentiate
it from the other ones. These schemes may undergo changes following the new information



coming from the environment. Bartlett’s and Neisser’s theory is quite useful, but is not free from
shortcomings, because in their vision, learning remains mainly an abstract mental activity [14,
p. 75]. Thoughts and actions are seen only as a function of mental representations advocating
that the entire world is reproduced inside the head [14, p. 75]. To compensate the limitations
of Bartlett’s and Neisser’s theory, the educational guidelines, mechanical concepts, and narrative
ideas of the proposed experiment were drawn from the broad philosophy of “learning by doing”
[15] and Do-It-Yourself (DIY) movement [16-18]. Dewey’s educational strategy [15] is centered
on the pedagogical principle that a child learns by doing, and by the experiential continuum-
continuity of experiences. According to the pragmatic conception of knowledge, learning entails
manipulating objects through meta-cognition [19]. Dewey’s message has been implemented at
a social and political level by the DIY movement, which sustains that the current educational
system does not provide children with any kind of practical competences, and therefore does
not allow them to tie their school abstract learning to their daily experiences.

The DIY movement actually includes a series of new initiatives such as the open-source
software  and hardware = communities  (Linux,  Arduino, http://www.arduino.cc/,
http://www.open-electronics.org/a-look-into-the-open-sourcehardware-community/), the
“makers” movement (http:// www.raisinggeeks.com/blog/maker-movement/), the commons
movement (http://onthecommons.org/commons-move ment-0), and many others. This
ensemble of movements is about social empowerment processes and reacts to the
dematerialization of reality emphasizing the practice and the coming back to matter.With the
support of new technologies (Internet and how-to videos on YouTube, 3D printer, Arduino, and
so on) the DIY movement produces the material part of the “user-generated content,” which we
propose to call the “user-generated goods.”As Jeffrieswrites [20], importance is given to “'value
skills over money, building over buying and creation over consumption.” Besides, the recent
reshaping of the DIY movement has expressed a big push and emphasis in bringing practical
tools into classrooms for a large range of initiatives going from the educational assemblage of
personal computers and their programming in primary and secondary school? to the educational
construction of robots, robot diaries, electronic/computational textiles, etc. [21-24]. In this
research, our point of reference was kept on several existing research projects on these themes3.

The shooting prestige of the matter and concrete experiences is also what is behind the more
recent concepts promoted by the socially situated cognition theories [14], which withstand the
contribution of our sensorimotor abilities, bodily properties, and contexts (including the use of
technological artifacts) to cognition. In this framework, cognition, (see Smith and Semin [14],
p. 56 and 68), cannot but be situated, interactive and flexible, emerging from the interaction
with the context, which is physical, organizational, and social, and therefore is shaped by human
artifacts, physical spaces, and tasks. Therefore, cognition is distributed in the environment,
extended, and empowered by its tools and social resources. As a consequence, learning should
not be seen as detached thoughts but it is better conceived as an adaptation process to, and a
transformation of living conditions [25]. Equally, categorization has to be seen as grounded in
perception, rather than in conceptual features that are detached from the concretely perceived
world. Hence, the socially situated cognition approach suggests that behavior explanations
cannot be derived only from the individual’'s mental representations, but also from the
interactional setting with the social and physical environment. On this theme also, the
sociological perspective intervenes by proposing the notion of frames [26]. In particular, the

2 http://www.theguardian.com/technology/2013/jan/29/google-raspberry-pi-s and http://www.coderdojo.com.

3 Among these projects it is worth mentioning: (a) the CLOHE project devoted to enabling primary classroom teachers
and their students to build moving toys (called Automata) in order to widen their experience and learning
competencies (http://www.clohemovingtoys. eu/www/Home_EN/Home.htm); (b) the PIE Institute project consisting
of a network of educators exploiting practical educational activities to teach science, art, and technology (http://
www.exploratorium.edu/pie/ideas.html); (c) the High-Low tech group that developed the LilyPad platform
(http://hlt.media.mit.edu/); (d) the Code Club project whose aim was to teach children, aged 10—11 years old, to
assemble and program their own operating system and hardware (http://www.codeclub.org.uk/).
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concept of technological frames— such as the frame of the radio—has been outlined by Goffman
[26] in order to describe the cognitive and social framework of a particular technology, which
makes understandable both the artifact in itself and the messages it conveys. Technological
frames enable people to make sense of a particular technology at social level and guide their
expectations and interpretations regarding novelties and advances [27]. Orlikowski and Gash
[28] developed this notion and proposed the technological frames of references (TRF) theory by
combining the Goffman-like interactionist approach with the analysis of social structures. They
[28, 29] argued that these frames arise from the effects of the primary and secondary education,
work experiences, and interactions within social groups such as classmates. Grounded on the
abovementioned theoretical framework, our pilot study was inspired by the following research
questions:

RQ1: Did children change their image of robots after the experiment? If yes, in which direction?
RQ2: What did children learn by building a simple robot?

RQ3: Who (in terms of gender) benefited more from the proposed experiment: boys, girls, or
both to the same extent?

The paper is organized as follows: The following section illustrates the experiment in all its facets:
the subjects involved, the research tools, and the adopted material, as well as, the technical,
mechanic, and sociopsychological steps. “"Results” section reports on the measured results and
the researchers’ and teachers’ viewpoints. The discussion section concludes the paper, giving
some final remarks, as well as underlying the strong and weak points of the proposed study,
and outlining some future directions.

Methods

The collection of the experimental data was made onMay 16, 2013, based on a before-after
design without a control sample (see [30] for reference), assuming “experience” as the
fundamental and unique variable of the experiment. The experiment was developed as a robotic
design activity focused on the one hand, on craft and recycled materials and, on the other hand,
on narrative expressiveness. The aim was to develop among the participants a social learning
on how robots are made and work, as well as to enable them to build a common cultural starting
point and share a common experience. This would come through designed tasks requiring dyadic
interactions and compelling the dyads to improve their relationships and their own technological
self-efficacy by having, at the same time, a lot of fun and satisfaction.

Participants

The secondary school “Pacifico Valussi” in Udine was selected in order to have a sample of
participants mirroring as much as possible the different ethnic complexity of the population in
the region. The school is located in a central area of the city and is attended by both locals and
students from different ethnic origins. The teachers and the Dean of the institute suggested to
run the experiment with the students in the 1st F class. It was thought that offering new
knowledge approaches could stimulate them to integrate with one another and empower their
learning abilities. The experiment was approved by children’ parents, their teachers, and the
Dean of their institute, as well as by the children, which showed enthusiasm in participating.

A written consent was requested to the children’s parents and school authorities before the
experiment took place. The Three Preparatory Phases As mentioned above, the experiment
aimed to assess the following theoretical facets:

a. The children’s attitudes and feelings when engaged in building robots from scratch;



b. Their ability to understand the functioning of simple mechanisms (levers, pulleys, linkages)
and the use of simple tools and materials (screwdrivers, scissors, glue, stickers, cardboard);

. Their cognitive planning behaviors when combining tools and mechanisms for building creative
robots;

d. The way cognition, creativity, and new individual potentialities had developed because of the
shared meanings that were captured and understood through the sequences of planned actions.

The experiment was entirely video recorded in order to analyze, while participating in the
experiment, the children’s emotions, attitudes, and interaction behaviors. The experimental
procedure consisted of three phases. In the first phase, two researchers, in collaboration with
the two teachers of the selected classroom, explained to the pupils how to build from scratch,
step by step, a crank cardboard robot. It was assumed that during this session, children were
pushed to develop abilities and knowledge about basic mechanic concepts and dive into how to
manage scissors, cardboard, and glue by themselves. The second phase required children to
choose a character (animal, robot, human superhero, etc.) and draw it on a piece of paper.
Successively they were asked to locate the character in an environment where some actions
(flying, running, etc.) involving the character could take place and describe them on four
separate pieces of paper. The collected pieces of papers were then randomly distributed so that
each child would get four pieces of papers written by the others. Finally, the children were asked
to assemble a self-moving crank cardboard robot exploiting the mechanic concepts and the tools
seen in the first phase and then develop a short narrative on it to be told to the classmates. The
first and the second phases took place in the same classroom where the children usually had
lessons and the simultaneous presence of their regular teachers was planned. These two phases
took 9 h. In order to implement the third phase, a different room of the school edifice was
prepared as a shooting set (see Fig. 1). Care was devoted to preserve the everyday
environmental conditions (bell sounds, children and teachers voices in the corridor, etc.) in order
to mitigate possible sociopsychological modifications of the children’s spontaneous behaviors
due to the video recording equipment. The third phase required children to reproduce, on their
own, and in 15 min, the same crank cardboard robot they had learned to build during the
previously training phases, exploiting the same tools and materials. To do so, children dyads sat
in front of each other at a desk where all the needed material was available. At the same desk
sat the supervisor ready to help find tools and raw materials (see Fig. 2). The interaction was
recorded by five digital SD cameras positioned according to the schema shown in Fig. 3. After
the experiment, the footage was synchronized and pre-edited to get multi-viewpoint videos as
shown in Fig. 4.



Fig. 2 Snapshot of the children and supervisor at the experiment desk

.

Fig. 3 Camera equipment positioning

Details on Materials, Tools, and Tasks Defined in the Experiment’s Phases

Listed below are the materials and tools exploited through the experiment and the description
of the technical and mechanical steps.



Materials: old mobile phones, paper, toothpicks, skewers, tape, hot glue, wire, LEDs, button
batteries, toothbrushes, cardboard, straws, tin, copper or aluminum film, and double-sided tape.
Tools: scissors, small screwdrivers, pliers, welders, glue gun, felt-tip pens, soft pencils, and
rulers. Tasks: on the premise that children know that the mobile phone is a tool for
communicating and acquiring information, but ignore the inside of the device and the number of
components it is made of, the technical steps were operationalized in the following tasks: (1)
Open old mobile phones and disassemble them in order to identify the vibration motor. In order
to do this, the children needed to learn how to use very small screwdrivers and recognize the
basic components of a mobile phone. (2) Identify and remove the vibration motor from the
mobile phone shell. (3) Assemble the vibration motor, battery, and toothbrush in a single unit
that moves by itself. (4) Integrate, if possible, a LED into the single unit to have more special,
“magic” effects. Technical steps are fundamental but not sufficient for an effective experiment
as artifacts are both intellectual and aesthetic creations [10]. For this reason, technical steps
always need to be integrated by creative and narrative steps, which were organized as such: (1)
Invent and write a short story and a character to indicate further ways to develop a robot; (2)
sketch your own robot; (3) design the parts that will compose the robot and the simple
mechanisms that have to be used; (4) assemble the various parts (cardboard and wooden
skewers with glue and tape) to obtain a ready-to-go robot, with its own personality. At this point,
the following mechanical steps were introduced: (1) Imagine which simple movements you want
to attribute to the character (raise arms, move a sword, turn the head, etc.). (2) Set up and run
them through a pulley that

Fig. 4 Edited multi-viewpoint frames of the performed recordings

turns the unidirectional movement of the ready-made engine unit created earlier, in a circular
motion so that levers and linkages can be added and the robot can acquire its own life, and
move its limbs. (3) Show that the final robots can interact together in a small arena, moving
around, andbumping, chasing, dancing altogether in a magical chaos.



Evaluation Tools

The evaluation process of new educational interventions such as the proposed robot experiment
is challenging because of the small humber of participants, the lack of a control group, the
difficulty to assess the learning goals, which were to improve children’s categorization of robots
and their technological fluency (intended here as the ability to creatively manipulate the
technology for one’s own use [24]). We chose two different tools.

1.

A simple questionnaire (organized in different sections) to be distributed to the children
both before and after the experiment. The questionnaire included a few personal data
questions (name, class, age, gender, and place of residence), some prior information on
robots, (we asked: Do you know what a robot is? and Do you know cartoons or other TV
programs or movies with robots?) as well on games (we asked: Do you know building
blocks? If yes, do you play with them? Do you know building games with perforated metal
bars, screws, nuts and bolts?), and envisaged future professions (we asked: What job
would you like to do as an adult?). This section was followed by a series of questions
aimed at understanding the children’s prior mechanical knowledge and manual skills. The
third section investigated children’s frames [26, 28] of toys, robots, and human beings.
A final section explored the ability to attribute a robotic identity to a series of machines
children encounter in their daily experience such as a vending machine, vacuum cleaner,
car, computer, mobile phone, bus validation machine, food processor (e.g., kitchen
chopper), oven, PS3/Xbox, airplane, and toy in the shape of a robot. The questionnaire
sections related to robot’s acquaintances, frames of toys, robots and human beings, and
the children’s daily experienced robots were measured on a four-point Likert scale (0 =
not at all, 1 = a few, 2 = enough and 3 = for sure). The questionnaire distributed after
the experiment contained, in addition, new questions aimed to investigate the children’s
appreciation of the experiment.

The video recordings collected during the proposed experiment added rich data on
attitudes, emotions, and behaviors adopted by the children. These data are available to
the scientific community as a source of knowledge to be shared and to be deeply
investigated through video-analyses and we consider them a result of the proposed
experiment. The future plan is to transcribe the dialogues and analyze the interactions
exploiting the interaction process analysis (IPA) methodology. IPA includes 12 interaction
process categories as defined initially by Bales [31] and currently revised by Fahy [32,
33] including nonverbal interactional features. This work will be object of another article
and it is mentioned here in order to exemplify the use of the collected video recordings.

Table 1 Mean values derived from the scores {on a four-point Likent scale: ) =not at all, 1 = a few, 2= enough and 3 = for sure) associated with
the: children mechanical knowledge and manual skills before and after the experiment

Before After
Pravious machanical mowledge
Do you know what a pulley is wsed for? A1 L4TL) L.63 (1.258)
Do vou know what a gear i used for? L22 (L.114) 163 (.50
Do you know what a connecting rod is wsed for? RLINALLL L4 (L)
Do you know what is inside a mobile phone? 1.72 (.895) 2.50 {1.932)
Do you know how to use 2 mobile phone? 239 (979 263 (LT19)
Manual skills
Can you use scissors? 3,00 (000 294 (.250)
Can you use a wtility knife? 244 (. T05) 273 (.5TT)
Can you use ghe? 3,00 (000 294 (.250)
Can you use tape? 289 (4T1) 3,000 {0
Can you make a cardboard square? 233 (B40) LT3 (. TIS)
Can you build a pulley? A2, T32) L1013 (LD6Z)
Can you build a gear? J61 LT 306 (L6SZ)
Can you build a connecting rod? B0 (2120) L31 (L. 13K)

Standard deviations are reponted in parentheses. The values in bold indicate where significant differences, between scores compu ted before and
afier the experiment have been obtained, as resulted from the Wilcoxon st for paired samples



Results

Before running the experiment, all the children reported of knowing what a robot was; the
majority of them also reported knowing some cartoons or movies having robots as principal
character. The most known robots came from movies-cartoons such as Iron Man, Futurama, and
Toy Story. Almost all the children were familiar with Lego material, but only half of them declared
to often play with it. The game “Meccano” was not familiar to more than a half of the children.
The question “"What job would you like to do when you grow up?” received extremely fragmented
answers before and after the experiment. Only one child maintained to pursue, before and after,
a technological profession (“the roboticist” before and “the computer science expert” after). The
remaining children choose more traditional professions. Fourteen indicated the same profession
both before and after the experiment, whereas, of the remaining four, two were not coherent
with their before and after choice and two did not indicated the after choice. To assess the
changes the experiment had produced on the children’s acquaintances of mechanical knowledge,
manual skills, robot technological frames, and daily experienced robots, their answers measured
on a four-point Likert scale (0 = not at all, 1 = a few, 2 = enough and 3 = for sure) were
averaged and considered as “mean values” to the proposed questionnaire questions. These
mean values and their standard deviations (before and after the experiment) were then
computed. These data are exemplified in the present paper through a set of tables (Tables 1, 2,
3) reporting for each questionnaire section, the computed values, before and after the
experiment, and their standard deviations (between parentheses). The computed values were
then compared using the Wilcoxon signed rank nonparametric test for paired samples [34,
chapter 3] in order to identify significant changes in the children conceptualizations, manual
abilities, and mechanical skills. Table 1 summarizes these mean values (on a four-point Likert
scale: 0 = not at all, 1 = a few, 2 = enough and 3 = for sure) for the mechanical knowledge and
manual skills possessed by children before and after the experiment. Table 2 summarizes the
mean values attributing characteristics to toys, robots, and human beings before and after the
experiment. Table 3 summarizes the mean values obtained for the questionnaire section devoted
to investigate to what extent children conceptualize as robots daily experienced devices. For all
the tables, standard deviations

Table 2 Children mean values (on a four-point Likernt scale: ) =notatall, | =a few, 2 = enough and 3 = for sure) attributing to toys, robots, and
human beings, before and after the experiment, the features listed on the rows

Toy perception Robot perception Human being perception

Before After Before After Before After
It has a baitery 1.94 (.935) 1.75 (931) 206 (93E) 1.E8 (1.204) A1 (4710 75 (1. 183)
It moves 144 (. TE4) 1659 (11014) 239 (TTE) 158 { B06) 2350 (.837) 263 (619
It moves by itself L3 {L0<43) LIS (LAWH0) 1.94 {1.056) 1.69 { 246) 267 (594) 2.38 (.B83)
It is intelligent 1.56 (2.148) 106 (1L181) 244 (1.947) 206 {574) 267 (594) 231 {1.014)
It speaks 117 {.985) 138 {1.088) 159 (1.079) 1.38 { B83) 244 (984) 231 {.946)
It looks into my eyes 139 (2.118) 131 (2243) 1.50 (2.034) 1,25 (10000 239 (TTR) 250 (2.1
It locks like a human 161 {10%2) 1753 {2.1435) 172 (2.137T) 206 {2.144) 1651 {1290 263 (2.054)
It looks like an animal 1.39{1.243) 113 {857) 150 (2.007) 263 (2.7H) B9 (1.132) 1.13 {1.258)
It has gears, mechanizsms 1LE3 {1150 2 {00 2,28 (.938) 250 {1.966) A1 (1092) 100 {1.265)
It has an engine 1.83 (.024) 163 {1.025) 1.94 (938) 313 {2.4485) 50 (.985) 1.13 {1.147)
I can control it LT8{1.114) 181 {1L.16T) 1.94 (1.259) 1.50{1.033) A7 (.514) 75 {1L06E)
It keeps me company L11{1133) 188 {2247) 144 (922) 194 {2112) 13 {1249 22542113
I play with it 206 (2.12T) 225 (2017 L6l (1.037) 2.50 (2.683) A3 {12000 L75 {L.291)
It is like a cartoonfmovie character LT {12000 150 {1.033) L17 (857) 200 {2.008) AT (18 5) 119 (911)
Itis good 1.33 {1L.0&S) 138 {1.025) 172 (2109 2.56(1.931) 183 {1.098) 1.88 {.957)
It eats and sleeps (.60 {.916) 1060 {1.265) 161 (2.1446) 188 (2.2TT) 272 (.669) 2.25 {1.D6S)

Standard deviations are reponted in parentheses. The values in bold indicate where significant differences, between scores computed before and
after the experiment have been obtained, as resulted from the Wilcoxon test for paired samples



Table 3 Are they robots?

Before Afer
A vending machine is a rohot 228 (B26) 163 (1.025)
A vacuum cleaner is a robot 228 (95K)  2.00 (T3
A caris a robat 156 (1087 1.75 (.B56)
A computer is a robaot 206 (99E) 213 (1.258)
A mobile phone iz a robot 167 (1.188) 238 (2.062)

A validation machine in a bus isa robot 200 (9700 169 ((793)

A food processor (chopper, blender, L7E (BOE) 213 (957)
grinder) is a robot

An oven is a robot L17 (LO98) 144 (1.365)
A PS3/Xbox is a robot LT2 (L0749 194 (998

An airplane is a robot L6I (LO3T) 294 (2.489)
A robot-shaped 1oy is a mbot LET (L188) 181 {1.109)

Mean values derived from the scores given o the set of statements
listed in the rows before and afier the experiment on a four-point
Likent scale. Standard deviations are reponted in parentheses

are reported in parentheses. The values in bold indicate where significant differences, between
scores computed before and after the experiment emerged, as results of the Wilcoxon test for
paired samples. The Wilcoxon signed rank nonparametric test for paired samples showed that
there was a significant increase in the children’s perceived knowledge on how to use a pulley (z
= -2:766; p\0:01), a gear (z = -2:843; p\0:01), and a connecting rod (z = -3:100; p\0:01).
For all the other items related to mechanical knowledge, no significant changes were observed.
As to the manual skills involved in the experiment, we recall that they included the use of simple
tools like scissors, utility knifes, glue, and tape for making a square with cardboard, using
scissors, constructing a pulley, a gear, and a connecting rod. In this case, the only significant
differences before and after were observed in the manual ability to construct a pulley (z = -
3:352; p\01), a gear (z = -3:446; p\0:01), and a connecting rod (z = -2:169; p\0:05). In order
to assess howthe experiment changed the children’s frames for robots and to what extent they
were able to distinguish among robots, toys, and especially human beings, the Friedman
nonparametric test for K-dependent samples [34, chapter 5] was applied to the mean values
obtained, before and after the experiment, on the questionnaire conceptualization section. What
was significantly different in these mean values was that robots and toys differently from humans
had a battery (x2 = 25:633; df = 2; p\0:001); human beings, followed by robots, were more
able to move than toys (x2 = 16:656; df = 22; p\0:001); humans more than robots and toys
moved by themselves (x2 = 8:943; df = 2; p\0:05); humans were more intelligent than robots,
while toys were not so (x2 = 11:474; df = 2; p\0:01); humans were able to speak more than
robots, while toys did so very limitedly (x2 ¥4 12:679; df = 2; p\0:01); humans were the only
beings able to look into others’ eyes in a proper way (x2 ¥4 15:898; df = 2; p\0:001); robots
had more mechanisms than toys while humans did not have them (x2 = 13:119; df V4 2;
p\0:01); robots had an engine more often than toys, while humans did not have it (X2 = 12:610;
df = 2; p\0:01); children could control robots even more than toys, while humans were out of
their control (x2 = 19:607; df = 2; p\0:001); and finally, that humans ate and slept while robots
did it somehow and toys very little (x2 = 20:310; df = 2; p\0:001). After the experiment, it
turned out that children were convinced that robots and toys differently fromhumans had a
battery (x2 = 7:840; df = 2; p\0:05); human beings followed by robots were more able to move
than toys (x2 = 16:656; df = 2; p\0:001); humans more than robots and toys moved by
themselves (x2 = 8:943; df = 2; p\0:05); humansweremore intelligent than robots, while toys
were not so (x2 = 12:824; df = 2; p\0:01); humans were able to speak while robots and toys
did so very limitedly (x2 = 6:760; df = 2; p\0:05); humanswere the only beings able to look
into others’ eyes in a proper way (x2 = 6:863; df = 2; p\0:05); humanswere those who look
more like humans, but followed in this by robots (x2 = 6:978; df = 2; p\0:05); robotsmore than
humans and toys look like an animal (x2 = 6:391; df = 2; p\0:05); robots had more mechanisms
than toys while humans did not have them (x2 = 6:259; df = 2; p\0:05); robots had an engine
more often than toys, while humans did not have it (x2 = 14:604; df = 2; p\0:01); children
could control toys better than robots, while humans were out of their control (x2 = 8:537; df =



2; p\0:05); and finally that robots were more “good” than humans while for toys the problem
did not really exist (x2 = 7:625; df = 2; p\0:05). In summary, the children reconfirmed the
majority of their previous conceptualizations. However, the previous significant difference about
eating and sleeping disappeared and three new significant differences emerged (“looking like a
human being,” “looking like an animal,” “being good”). In addition, the Wilcoxon test for paired
samples showed that there was no significant difference between the children’s conceptualization
of toys, robots, and humans before and after the experiment. However, some tendencies deserve
to be underlined since they show interesting effects of the lively experience. In this context, it
was observed that before the experiment children were quite sure on the robot intelligence, on
its ability to move, having mechanisms, and having a battery. After the experiment, these
certainties faltered, except for the robot having mechanisms, while children became more aware
of robots having an engine, appearing more like an animal or a human, being good, being easy
to play with, and hard to be controlled. Before the experiment, the children’s anticipatory scheme
of a toy tended to be fostered on features it did not show (nearly 1 in the scale) such as a toy
does not eat and sleep, does not keep me company, and is not like a cartoon/ movie, does not
speak, or look into my eyes, or look like an animal. Furthermore, children were quite vaguely
convinced (between 1 and 2 in the scale) that a toy has a battery, moves by itself, has
mechanisms and an engine, can be easily controlled, and they play with it. After the experiment,
some toy features were reinforced, such as the idea that toys moderately move, speak, eat,
sleep, keep them company, and are more like a cartoon character. Whereas, they tended to be
even less convinced that the toy has a battery, is intelligent, looks like an animal, has an engine
and, according the Wilcoxon signed rank nonparametric test for paired samples, they were less
significantly convinced that a toy does not move by itself (z = -2:070; p\0:05). Before the
experiment, children showed very positive and solid anticipatory conceptual schemes for human
beings. Children were strongly persuaded that human beings can definitely eat and sleep, move
by themselves, are intelligent, speak, and look into their eyes. After the experiment, these
schemes faltered in various directions, some of them being reinforced and others weakened. The
changes were not significant, except for “playing with them.” Before the experiment, human
beings were not seen as somebody to play with, while after they were (z = -2:218; p\0:05). A
further way to investigate whether the children’s technological frames regarding robots were
changed was through the questionnaire section devoted to define to what extent a series of daily
experienced devices were considered as robots. Table 3 reports the children’s answers to these
questions before and after the experiment. Before the experiment, the children perceived the
vacuum cleaner and the vending machine as the most robot-like devices, followed by the
computer and the bus validation machine. After the experiment, the lost robot-like devices
tended to be airplanes, mobile phones, and kitchen food processors. The abovementioned
changes in children’s technological frames, even though not statistically significant, need further
examinations considering the small sample of subjects involved in the experiment. Our
understanding is that they are outcomes of collective experiences, social learning, and “learning
by doing” processes. In addition, we must underline that the task to define a robot is quite
difficult even among scholars. As pointed out by Nourbakhsh “Never ask a roboticist what a
robot is. The answer changes too quickly... robots are a new form of living glue between our
physical world and the digital universe” [35, preface p. xiv—xv]. Finally, the children’s answers
to the questionnaire section added after the experiment and aimed to understand how children
evaluated the experience they had made, showed that they enjoyed it and they would have liked
to repeat it. Table 4 illustrates these results.

Table 4 Children's appreciation of the proposed tasks {means are
derived from the scores given to the set of statements (listed in the
rows) after the experiment

Total means
I really enjoyed this activity 275 (.3TT)
T had fun 2,94 (250
I would like to do this activity again 3,00 (.00

This activity was useful 281 (408




Are There Gender Differences?

In order to determine whether boys’ and girls’ answers were significantly different, the
nonparametric Mann-Whitney test [34, chapter 4] for independent samples was applied to the
mean values derived fromthe scores measured on a four-point Likert scale (0 = notatall,1 = a
few, 2 = enough and 3 = for sure). It turned out that before the experiment the boys’ knowledge
about how to use a gear (z = -1; 977; p\0:05) andwhat is inside amobile phone (z = -2:393;
p\0:05) was significantly better than girls, whereas, no significant differences were found for
manual skills. As for toy conceptualizations, girls tended to be more aware than boys that toys
are often like a cartoon/movie character (z = -1:946; p ' 0:052) andwere significantly
persuaded that toys eat and sleep (z = 1:972; p\0:05), whereas no significant differences were
observed for robot conceptualization. As for the conceptualization of the human being, girls were
more significantly than boys persuaded that human beings, move by themselves (z = -2:023;
p\0:05). After the experiment, boys were more confident than girls that humans are able to look
into their eyes (z = -2:168; p\0:05) and that the validation machines in a bus (z =-1:899; p ¥
0:58) and the oven (z = -2:322; p\0:05) are robots. No significant differences emerged between
boys and girls regarding the appreciation of the experiment. In order to better understand how
the conceptualizations and perceptions of the boys and the girls changed through the
experiment, a Wilcoxon signed rank nonparametric test for paired samples was separately
applied to each group before and after it. It turned out that boys through the experiment had
quite improved their understanding on what a connecting rod is used for (z = -2:220; p\0:05),
and in building a pulley (z = -2:555; p\0:05) and a gear (z = -2:539; p\0:05). As for the robot
conceptualization, after the experiment they tended to be less sure in their ability to control it
(z =1:897; p = 0:058).

The girls” knowledge in using a pulley (z = -2:070; p\0:05), a gear (z = -2:392; p\0:05), a
connecting rod (z = -2:323; p\0:05), and on what is inside a mobile phone (z = -2:060; p\0:05)
significantly improved after the experiment. Moreover, girls significantly improved their abilities
to construct a pulley (z = -2:333; p\0:05), a gear (z = -2:414; p\0:05,) and a connecting rod
(z = -2:333; p\0:05). As for the human being conceptualization, after the experiment the girls
tended to be less sure that humans can be conceived as entities that move by themselves (z =
-1:890; p = 0:059) and are intelligent (z = -1:841; p = 0:066), while they tended to be more
sure to be able to control them (z = -1:890; p = 0:059). In addition, they were more persuaded
that an airplane (z = -1:890; p = 0:059) rather than a vacuum cleaner (z = -2:070; p\0:05)
might be considered as a true robot. From these results, it can be concluded that girls benefited
more than boys from the experiment in improving their mechanical knowledge and manual skills.

Researchers’ and Teachers’ Viewpoints

During the experiment, researchers and teachers had the opportunity to closely observe the
relational interaction and socialization among the students. “Participant observation” provided
precious insights on the usefulness of these learning-by-doing activities. During the experiment,
very loud moments alternated with moments of silence and concentration. In particular, the
teachers who knew the class repeatedly underlined the students’ dedication (in some cases
defined as exceptional) in developing the narrative and assesmbling their robot’s mechanisms.
The climax was collaborative and enthusiastic even though not always easy to manage because
of the noise and chatter. Some students revealed to be very proud, sometimes in a highly
emotional way, in showing their own robot to their schoolmates. Researchers and teachers also
noticed how in some cases, the relational and motivational schemes of the class had varied



during the experiment: For example, some boys, known as restless, distracted and unmotivated,
were able to invent the most effective and imaginative narratives. Others, usually very shy and
isolated, were endorsed by the peer group as talented and endowed of compelling manual skills.
Others were appreciated for their designs. None of the students appeared displeased to
participate. On the contrary, all of them strongly wanted to complete their work, even if this
costed extra school hours. During the experiment, many students repeatedly asked whether it
was possible to take their creations home, to which they clearly attached value. It can be said
that the proposed activity was effective in increasing the integration among classmates, as well
as the pupils’ personal skills, and self-esteem. The experiment also offered an additional
approach for getting to know and discover skills typically disregarded by the current educational
settings.

Discussion and Final Remarks

The results reported above are preliminary and need to be supported by further investigations.
However, they positively enlighten the first question posed in the introductory section of the
present paper (RQ1: “Did children change their image of robots after the experiment?”). The
children improved their categorization of robots. They were able to go deeply inside the
simulative aspects that characterize robots. For example, the children understood that robot
capacity to talk is not much better than that of a toy. The similarities and differences among
toys, robots, and human beings became more resolute: human beings are solely similar to
human beings, while robots can assume also animal features. It was clear for children that
controlling a robot is more complex than controlling a toy and that humans cannot be controlled
by them. Therefore, after the experiment, they admitted that their control capabilities regard
mainly toys. In addition, the children perceived the human beings as more intelligent than
robots: Here, the interesting thing is that children not only recognized that robots are made
intelligent by humans (who of course cannot but be more intelligent than robots) but also that
children ascribed thoughts to robots, up to a certain extent [36]. Additionally, the children
perceive robots as more “'good” than humans probably because they understood that robots are
programmed and cannot be bad. Robots are seen as “moral agents,” according to Aristotle’s
classical distinction between moral agents and moral patients [37] and children ascribed moral
responsibility to them [36]. If it is realistic to expect bad behaviors from human beings, this is
not the case with robots because they are automatically good, attributing to them something
like the “experience” (the capacity to sense and feel) and “agency” (the capacity to plan and
act) dimensions as advocated by Waytz et al. [36]. Moreover, the children acquired a more
sophisticate idea of robots in terms of how much of humans they reproduce, in mechanical terms,
and in terms of other technologies that show robot characteristics, such as computers and mobile
phones. Another feature attributed to robots is that children can play with them and that playing
with robots is more satisfying and amusing than playing with simple toys and humans. Here, it
is not clear whether children think of adults who may appear too busy for this activity or their
peers with whom they have difficulties to play with.

Overall, the children acquired a more realistic vision of the toy, as having fewer abilities than
robots and presenting less affordance both at mechanical and cognitive level. Finally, the children
confirmed a robust conceptualization of human beings. These results also seem to suggest that
technological artifacts not only embody collective experience, intelligence, and knowledge but
also preserve and convey them [14]. This is confirmed by the fact that the experience made by
the participants seems to have increased both their practical abilities and their conceptual
schemes on the matter. As for our second research question (RQ2: “What did children learn by
building a simple robot?"), the children changed their knowledge on how to use a pulley, a gear,
and a connecting rod, and also their manual ability to build them. Our expectations that children
learned easily from building and inventing, and experienced a complex process of social learning
seem to be positively confirmed, bringing further support to the “learning by doing” educational
strategy. As for our third research question (RQ3: “"Who benefited more from this experiment,



boys, girls, or both to the same extent?”), it can be concluded that girls benefited significantly
more than boys from the experiment. This is a particularly interesting result because it shows
that when girls have the same possibility as boys to be exposed to information and practice
about mechanical issues and to enhance manual skills, and they are encouraged to learn, in the
end, they become more empowered than boys. Although it is well known that in several
situations girls improve more if they are in an all-female environment, this mixed environment,
in our case, demonstrated to be all the same effective in terms of the girls” empowerment. The
abovementioned results and observations, on the one hand, confirm the children’s sense of ease
at using technology and in particular robots. On the other hand, they suggest that building a
robot entails an effective process of social learning, produces changes in the conceptualizations
of the items at the stage (robots, toys, human beings), and is at the same time very much
appreciated by the children involved. Coming from a pilot study and involving a very small
number of participants, these preliminary results do not have the pretense to advance the
different the theories (mental schemes, learning by doing, socially situated cognition and
technological frames) that guided the design of our research project. However, with respect to
them, the reported results represent somehow a theoretical progress since they suggest that in
order to produce a genuine, interdisciplinary design of the experiment a triangulation of these
theories is needed. Only by making these theories resonating one with each other it was possible
in fact to create an effective theoretical framework that could account of the cognitive changes
observed through the experiment.

Limitations of the Research and Future Directions

This study involved a small number of participants and did not have a control group. These two
elements prevent to generalize the obtained results (limitations). However, the study introduces
a strong narrative and exploits the technology as an enabler for cooperative work, fun, and
metacognition on robots (originality). To overcome the limitations, a new experiment has been
planned devoted to explore the perceptions about robots among a numerous group of children
in primary and secondary classes of different schools, located in a wider geographical area. We
have already carried out a survey administrating the same questionnaire proposed in this
experiment to 660 subjects, and we plan to repeat the present experiment dividing the involved
subjects in an experimental and control group in order to quantitatively assess the effects of
“learning by doing”. Moreover, there is a plan to run the proposed experiment at the university
with the students of the Multimedia Communication and Information Technology class (i.e.,
experts in human-machine interaction) in order to investigate differences due to age/cognitive
levels. These future studies can help to add up quantitatively on how the mental schemes of
social robots change through experimental activities and how the gender issues posed in the
present study can be overawed.
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