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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 spreading1. 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 ¼ 

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 school2 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/). 

http://www.arduino.cc/
http://onthecommons.org/commons-move
http://www.coderdojo.com/
http://www.clohemovingtoys/
http://hlt.media.mit.edu/


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); 

c. 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. 



 

 

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 

 

 

 

 

 

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 number 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. 

2. 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. 

 



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 

 

 

 

 



 

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 ¼ 12:679; df = 2; p\0:01); humans were the only 

beings able to look into others’ eyes in a proper way (x2 ¼ 15:898; df = 2; p\0:001); robots 

had more mechanisms than toys while humans did not have them (x2 = 13:119; df ¼ 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. 

 

 



 

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 = not at all, 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 ¼ 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 ¼ 

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. 

 

References 

1. Taipale S, Sarrica M, de Luca F, Fortunati L. How European citizens face up to robots. Paper 

presented at the strategic workshop the future concept and reality of social robotics: challenges, 

perception and applications. Role of social robotics in current and future society. Cost, Brussels, 

10–13 June 2013. 

2. Sugiyama S, Vincent J, editors. Social robots and emotion: transcending the boundary 

between humans and ICTs. No. 1 (1) in special issue of intervalla: platform for intellectual 

exchange; 2013. Accessed 5 Dec 2013. http://www.fc.edu/intervalla/index. 

php?option=com_content&view=article&id=3&Itemid=3. 

3. Liu EZF. Early adolescents’ perceptions of educational robots and learning of robotics. Br J 

Educ Technol. 2010;41:E44–7. 

http://www.fc.edu/intervalla/index


4. Ceci SJ, Williams WM, Barnett SM. Women’s underrepresentation in science: sociocultural and 

biological considerations. Psychol Bull. 2009;135(2):218–61. 

5. Druin A, Hendler J. Robots for kids: exploring new technologies for learning. San Francisco: 

Morgan Kaufman Publishers; 2000. 

6. Botball. Botball Educational Robotics Program; 2009. Accessed 

5 Dec 2013. http://www.botball.org. 

7. Eisenberg M. Pervasive fabrication: making construction ubiquitous in education. In: PerCom 

Workshops. IEEE Computer Society; 2007. p. 193–198. 

8. Woods S. Exploring the design space of robots: children’s perspectives. Interact Comput. 

2006;18(6):1390–418. 

9. Oh K, Kim M. Social attributes of robotic products: observations of child–robot interactions in 

a school environment. Int J Design. 2010;4(1):45–55. 

10. Eisenberg M, Buechley L, Elumeze N. Computation and construction kits: toward the next 

generation of Tangible building media for children. In: Kinshuk, Sampson DG, Isaı´as PT, editors. 

CELDA, proceedings of the IADIS international conference, Lisbon, Portugal, 15–17 Dec 2004. 

p. 423–426. 

11. Stewart J, Williams R, Rohracher H. The wrong trousers? Beyond the design fallacy: social 

learning and the user. In: Rohracher H, editor. User involvement in innovation processes: 

strategies and limitations from a socio-technical perspective. Profil Verlag; 2005. p. 39–71. 

12. Bartlett FC. Remembering: an experimental and social study. Cambridge: Cambridge 

University Press; 1932. 

13. Neisser U. Concepts and conceptual development: ecological and intellectual factors in 

categorization. Emory symposia in cognition. Cambridge: Cambridge University Press; 1989. 

14. Smith ER, Semin GR. Socially situated cognition: cognition in its social context. Adv Exp Soc 

Psychol. 2004;36:53–117. 

15. Dewey J. Experience and education. New York: Kappa Delta Pi; 1938. 

16. Holtzman B, Hughes C, Van Meter K. Do it yourself and the movement beyond capitalism. 

In: Graeber D, Shukaitis S, Biddle E, editors. Constituent imagination. Militant investigations, 

collective theorization. Oakland: AK Press; 2007. p. 44–61. 

17. Levine F, Heimerl C. Handmade nation: the rise of DIY, art, craft, and design. New York: 

Princeton Architectural Press; 2008. 

18. Sennett R. The craftsman. New Haven: Yale University Press; 2008. 

19. Anzai Y, Simon HA. The theory of learning by doing. Psychol Rev. 1979;86(2):124–40. 

20. Jeffries A. At Maker Faire New York, the DIY movement pushes into the mainstream. The 

Verge; 2013. Accessed 14 Feb 2014. http://www.theverge.com/2013/9/23/4760212/maker-

faire-newyork-diy-movement-pushes-into-the-mainstream. 

21. Buechley L, Elumeze N, Eisenberg M. Electronic/computational textiles and children’s crafts. 

In: Proceedings of the 2006 conference on interaction design and children. IDC ’06. New York: 

ACM; 2006. p. 49–56. 

22. Hamner E, Lauwers T, Bernstein D, Nourbakhsh IR, DiSalvo CF. Robot diaries: broadening 

participation in the computer science pipeline through social technical exploration. In: AAAI 

spring symposium: using AI to motivate greater participation in computer science. AAAI; 2008. 

p. 38–43. 



23. Hamner E, Lauwers T, Bernstein D, Stubbs K, Crowley K, Nourbakhsh I. Robot diaries interim 

project report: development of a technology program for middle school girls. Pittsburgh: 

Robotics Institute; 2008. CMU-RI-TR-08-25. 

24. Hamner E, Lauwers T, Bernstein D. The debugging task: evaluating a robotics design 

workshop. In: AAAI spring symposium: educational robotics and beyond. AAAI; 2010. p. 20–25. 

25. Cole M, Derry J. We have met technology and it is us. In: Sternberg RJ, Preiss DD, editors. 

Intelligence and technology: the impact of tools on the nature and development of human 

abilities. Mahwah: Lawrence Erlbaum Associates; 2005. p. 209–28. 

26. Goffman E. Frame analysis: an essay on the organization of experience. New York: Harper 

& Row; 1974. 27. Davidson E. A technological frames perspective on information technology and 

organizational change. J Appl Behav Sci. 2006;42(1):23–39. 

28. Orlikowski WJ, Gash DC. Technological frames: making sense of information technology in 

organizations. ACM Trans Inf Syst. 1994;12(2):174–207. 

29. Orlikowski WJ. Using technology and constituting structures: a practice lens for studying 

technology in organizations. Organ Sci. 2000;11(4):404–28. 

30. Bailey KD. Methods of social research. New York: The Free Press; 1982. 

31. Bales RF. Interaction process analysis. A method for the study of a small group. Chicago: 

The University of Chicago Press; 1950. 

32. Fahy PJ. Use of the Bales model for analysis of small group communications in the analysis 

of interaction in computer-based asynchronous conferences. In: Boumedine M, Ranka S, editors. 

Proceedings of the IASTED international conference on knowledge sharing and collaborative 

engineering. Calgary: ACTA Press; 2004. p. 44–49. 

33. Fahy PJ. Online and face-to-face group interaction processes compared using Bales’ 

interaction process analysis (IPA). Eur J Open Distance eLearn. 2006;1:1–10. Retrieved March 

10, 2013 from http://www.eurodl.org/materials/contrib/2006/Patrick_J_Fahy.htm. 

34. Corder GW, Foreman DI. Nonparametric statistics for non-statisticians: a step-by-step 

approach. New Jersey: Wiley; 2009. 

35. Nourbakhsh IR. Robot futures. Cambridge: MIT Press; 2013. 

36. Waytz A, Gray K, Epley N, Wegner DM. Causes and consequences of mind perception. Trend 

Cogn Sci. 2010;14(8):383–8. 

37. Gray HM, Gray K, Wegner DM. Dimensions of mind perception. Science. 

2007;315(5812):619. 


