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Abstract. Since the acronym STEM (Science, Technology, Engineering, Math-
ematics) was firstly introduced by the US National Science Foundation to bring 
technology and engineering into regular K-12 curriculum, Robotics has proven 
itself to be the sum of STEM disciplines. This paper presents an extra-curricular 
experience held in a formal environment with the aim to foster culture on tech-
nology and, in particular, on smart cities. Final assessment strategies included 
questionnaires and crossword puzzles to evaluate students’ perception of activi-
ties and the knowledge they acquired. Data were processed and compared with 
the objectives of the project: increasing interest in learning school’s subjects, 
stimulating students to work in team and transforming students’ attitude towards 
ICT. Results showed that robotics engagingly teach traditional concepts while 
applying them to compelling real-world problems. Authors hope that this re-
ported experience may give a useful contribution in favor of the introduction of 
Robotics in K12 education. 

Keywords: Educational Robotics, STEM, Primary School, Lower Secondary 
School. 

1 Introduction 

The acronym STEM stands for Science, Technology, Engineering, and Mathematics 
and it has become a customary term since the National Science Foundation (NSF) used 
it for the first time. Actually, STEM education does not only refer to teaching and learn-
ing in STEM subjects, but it attempts to transform the typical teacher-centered class-
room into a new approach which requires students to discover by themselves, to solve 
problems with a positive trial-and-error approach, actively engaging them in a project 
to explore and eventually find a solution to a given problem [1-2]. Experiences in the 
field carried out worldwide used Robotics as a learning tool in K12 education to realize 
an integrated STEM education. Such experiences gave some evidences of the actual 
multidisciplinary approach and effectiveness of Educational Robotics (ER) to foster the 
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skills for the 21th century, Computational Thinking or to teach basic subject like Phys-
ics and Math [3-5]. An experience in a primary school of Rome, where Robotics is a 
curricular subject and aims at developing skills like logical reasoning and technological 
proficiency, reported that activities greatly engaged students and positively impacted 
teamwork. Moreover, students gained such confidence in programming that by the end 
of the primary school they were able to solve elementary problems by means of NI 
Labview, a professional development environment for a visual programming language 
commonly used by industries and universities [6]. Another study reported that robots 
in schools fostered collaboration and problem-solving skills, engaged students in deep 
reflection, as they solved problems and collaborated with their peers, and helped them 
in developing perseverance, motivation and responsiveness [7]. One study explored 
students’ attitude and motivation during robotics’ activities and it found out that envi-
ronmental factors (gender, peers, parents and teachers) play an important role in posi-
tively influencing students’ attitude and motivation during robotic activities [8]. The 
reasons why researchers are investigating what Robotics and STEM education are ca-
pable of can be found, partly at least, in the wide interest in preventing early school 
leaving (ESL) and fostering a technological literacy to help students to find a job in the 
future. At European level, in fact, the Digital Single Market strategy aims to open dig-
ital opportunities for people and businesses developing a digital talent pool. Today 
around 45% of Europeans have only basic digital skills, while 37% of the labor force, 
has insufficient digital skills [9]. In Italy, the Ministry of Education (MIUR) established 
a National Plan for Digital Schools (PNSD) to bring technology and digital education 
into school. The project presented in this paper was funded by MIUR under the call 
“Promotion of digital citizenship” (D.D. prot.n. 1227 of 16 november 2015), which 
aimed specifically to identify schools capable of fostering concepts and raising aware-
ness on the topic of digital citizenship and digital culture (ICT technologies, OER, ICT 
literacy and online security). The school I.C. “G. Solari” identified the possible inter-
ventions on the didactic path of its students and chose to involve other organizations in 
the design of activities: the local municipality of Loreto, the Università Politecnica delle 
Marche and the innovative start-up TALENT srl. The project aimed at introducing pri-
mary and lower secondary school students to Smart Cities, Renewable energies, STEM 
and Educational Robotics. To assess the overall experience, the authors formulated two 
means of evaluation, a questionnaire and a crossword puzzle, that were intended to 
assess the three main objectives of the project: 

1. increase interest in learning school’s subjects (Obj. 1); 
2. stimulating students to work in team, developing their autonomy as a group to cope 

with the difficulties of the task, helping each other to cover gaps in their basic 
knowledge (Obj. 2); 

3. transforming students’ attitude towards ICT world into a positive and proactive one 
(Obj. 3). 

Obj. 1 is connected to preventing ESL. To turn the activities of the project into mean-
ingful experiences, learning concepts related to the Smart Cities was linked directly 
with the city in which students live in and with what they learn at school. This meant 
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that students got the active role in learning, designing, building, programming and dis-
seminating their artefact. This aspect was investigated in the questionnaire by analysing 
the dimension of well-being in the classroom, which is an environmental factor influ-
encing the positive attitude towards STEM [8]. Obj. 2 relates to training teamwork 
skills, like autonomy, communication, creative problem-solving and conflict resolution 
between members of the team. This is one of the most investigated skill in this kind of 
experiences, according to [5]. Lastly, concepts and tools from the ICT world, like ro-
botics, coding and renewable energies, in the present project are connected to motivat-
ing, expressive, gratifying, meaningful and authorial experiences, thus fostering a pos-
itive attitude toward the ICT world. Obj. 3 is one of the general objectives of PNSD 
and one of the most investigated aspect in literature [5,7-8]. Similar objectives can be 
found also in [10], where students from an upper secondary school were involved in a 
School-Work turnover programme with ER. Along with these three main objectives a 
set of abilities and meaningful context adaptations had been set out: 

 stimulating students to develop computational thinking, to learn coding, robotics and 
digital technology fundamentals;  

 fostering the development of soft skills, especially critical thinking, analytical skills, 
design capacity, problem solving, teamwork and communication skills; 

 increasing the effectiveness of the educational methods through innovation of tech-
niques and tools and through specific teachers’ training; 

 promoting active participation between students since an early age to the local com-
munity and raising awareness to environmental issues (i.e. source of energy, pollu-
tion, communication network…); 

 forwarding a network composed by the different partner above mentioned with the 
aim to improve quality in teaching and learning processes. 

2 Tools and Methods 

2.1 Participants 

The school I. C. “G. Solari” of Loreto (AN) decided to involve 8 classes, 6 from primary 
school and 2 from lower secondary school, in a 2 months period of activities. The total 
number of participants to the project was 165: 123 students from Primary school (59 
students from class III, 19 students from class IV, 45 from class V) and 42 students 
from Lower Secondary school. All the students had no previous experience with Ro-
botics. 

2.2 Educational Approaches 

25 teachers from I.C. “G. Solari” took part in a training course (21 hours). They were 
presented with the constructionist approach [11] and with tools like Scratch [12], Lego 
WeDo and waste materials. Lessons were designed in accordance with the Università 
Politecnica delle Marche and delivered by TALENT srl along with the teacher from 
I.C. “G. Solari”. Moreover, the local municipality was involved in the project to bring 
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students the possibility to know better their hometown and the gratification of being 
active citizens in the community they belong to. On the other side, thanks to this project, 
the local community had the chance to reflect on some aspects of its everyday life. In 
the classroom educators acted as facilitators, fostering construction and reconstruction 
of mental representations more than a transmission of knowledge [13-14]. Thus, stu-
dents were encouraged to follow their own ideas exploring their personal way of learn-
ing and of cooperating with others. Project based learning emphasized the cooperative 
research of feasible and effective solutions to an initial problem given by the educator. 
The “learning-by-doing” approach [15] and the “theory of multiple intelligence” [16] 
helped the project in empowering students with knowledge and competences by means 
of different learning modalities that draw from different intelligences, thus developing 
them (especially if some is lacking) and, at the same time, letting the peculiarities stand 
out. The intervention in the classroom, unleashed the potential of student to create and 
to bring forth their own way of producing tangible artifacts through the rework of what 
they had previously learnt. This is a way to promote self-awareness in students and 
awareness about them for the teacher. “Peer tutoring” was used in the classrooms letting 
older students tutor the younger ones. 

2.3 Description of Activities 

First of all, each class autonomously thought about how to improve their hometown, so 
that in the future it will become a Smart City. This activity was carried out in the class-
room by teachers through brainstorming with students (at the elementary level) and 
trough a writing assignment (at the lower secondary school). This brief reflection led 
to acknowledge that technology is very useful to improve the quality of life. After this 
activity, students attended 4 introductive lessons to Robotics and 2 lessons on the ap-
plication of Robotics to make their town smarter. The focus of each lesson was on: 

1. The roles in robotic design. 
2. Differences and similarities between humans and machines. Useful and useless ma-

chines. 
3. Differences and similarities between machines and robots.  
4. Introduction to coding. 
5. Designing, assembling and programming a smart city element. 
6. Improving the smart city element: how can we make it smarter? 

At the end of the project a final exhibition provided the opportunity for students to 
share their knowledge and project-work regarding smart cities, renewable energy and 
basic concepts about Robotics with the local community. Sharing ideas was very im-
portant for this project. The last 15 minutes of each lesson were dedicated to debriefing, 
students could express their feelings about activities and teamwork, proposing some-
times personal or collective suggestions for improvement. They also explained their 
creations and ideas to other pupils, listening to advices and constructive critiques during 
the discussion. Moreover, during the final exhibition, they showed to parents, citizens, 
teachers and institutions their ideas, dreams and knowledge by presenting a scale model 
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of their future smart city, realized with recycled materials integrated with the techno-
logical tools. These sharing opportunities were part of the constructionist approach 
[13]. An Italian version of the description of activities and some pictures of the project 
can be found at [17]. One of the key points of the activities was to divide the group 
assigning a role to each member of the group: a designer (responsible for the project 
and coordinator of the team, his/her task was to communicate to the others members of 
the group the building instructions of the robot), a warehouse worker (responsible of 
the robotic kit, his/her  task was to look for the Lego pieces inside the box), the tech-
nical-assembler (responsible of the robot assembling, his/her task was to build the robot 
receiving instructions from the designer and Lego pieces from the technical-assembler) 
and the validator (responsible for the check of the robot assembly, observing the in-
structions on the computer). During Activity 1 students were presented with roles. They 
practiced by building an Alligator with Lego WeDo kit switching roles every 8-10 
minutes.  After that the educator showed some examples of Scratch programming that 
any teams could replicate and start, without exploring the meaning of the blocks se-
quences (objective of the fourth lesson). Activity 2 explained the differences and simi-
larities between humans and machines. The description of a useless machine was pro-
vided observing some works of Bruno Munari [18], and students faced the challenge of 
building a useless machine using up to 8 Lego pieces chosen from the WeDo kit and 
writing its building instructions. Groups exchanged their products. They had to rebuild 
the machine of another group following the provided instructions in 15 minutes. This 
trained students to explain to others a personal creation in a clear and effective manner 
and to choose a strategy to do it (is it better to draw, write or a combination of them?). 
Activity 3 dealt with differences and similarities between machines and robots: students 
were guided in the construction of simple machine (a motor and a rotational element, 
like a fan), programmed in Scratch with a ON-OFF logic. Students noticed that there 
wasn’t a real intelligence in that. Then, students built and programmed a more complex 
robot (the lion robot). Educators showed an algorithm which acquired data from sensors 
and took consequent decisions. Thus, students discovered the difference between ma-
chine and robots, namely the intelligence (deriving from programming) that character-
izes robots. Activity 4 was dedicated to introducing some main concepts of program-
ming, using Scratch. After building a new model of robot, educator proposed some 
coding challenges to primary students about sequential and loop execution of instruc-
tions, while secondary students also explored conditional execution of instructions. Ac-
tivity 5 and 6 were dedicated to designing, building and programming a smart element, 
starting from the ideas emerged during the initial brainstorming activity. Some example 
of what students built are: wind turbines, cleaner robots, electric cars, cableways that 
allow tourists to reach popular landmarks of the town and so on. All these smart objects 
were programmed in Scratch so that they could interact with environment adequately. 

2.4 Evaluation methods 

Bearing in mind the objectives stated in the Introduction, authors designed question-
naires and crossword puzzles to measure two different dimensions of students’ experi-
ence. Questionnaires assessed the appreciation for the activities and engaged children 
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in a metacognitive activity, stimulating students to think both about their knowledge 
and the process they employed to acquire the knowledge, reflecting on the level of in-
terest and satisfaction with the le lessons, the relationship with proposed technologies, 
with educators and with other pupils. Two different scales for respondents were pro-
vided: a 3-point Likert scale for primary school and a 5-point Likert scale for lower 
secondary school [19]. Questions were related to: 

 Student’s interest in activities (level of interest, their opinion about the educator, 
their well-being during the lessons): item Q1 (Did you understand correctly the in-
structions the teachers gave you?), item Q2 (Did the teachers listened when you 
asked him something?), item Q3 (Did you feel comfortable enough in the class-
room?); 

 Student’s attitude towards technological devices (both hardware and software): item 
Q4 (Was it easy to build a robot in class working in a group?); item Q5 (Was it easy 
to use the software while working in a group?); 

 Student’s experience during team working (collaboration in the group, quality of the 
relationship with the classmates): item Q6 (Did you like this kind of activity in the 
laboratory?), item Q7 (Did you have fun with your group?), item Q8 (Did you work 
together with your group?), item Q9 (Did you find out new things about you or your 
classmate?). 

In accordance with teachers it was decided to design an assessment tool which fo-
cused on concepts, key words and their relative meanings learnt by students. This tool 
was meant to be both a playful and educational. Two Crossword puzzles, one for pri-
mary (18 definitions) and one for secondary school (22 definitions) were delivered to 
students and performed like a summative test in 30 minutes. Theoretical concepts ad-
dressed during the project were the solutions to fill the empty boxes. Definitions can be 
grouped into 4 categories. For primary school: 

 Concepts related to software functions (Scratch): 8,11,12; 
 Concepts related to Robotics and hardware (kit Lego Wedo): 1,2,3,7,13,16,17;    
 Concepts related to Energy issues: 4,5,9,14,15; 
 Aspects regarding teamwork: 6,10,18. 

For lower secondary school: 

 Concepts related to software functions (Scratch): 1,6 across, 6 down, 14, 16; 
 Concepts related to Robotics and hardware (kit Lego Wedo): 2,4,8,9,12,17,18;    
 Concepts related to Energy issues: 5,13,15,20,21; 
 Aspects regarding teamwork: 3,7,10,11,19 

Both questionnaires and crosswords puzzles were delivered to students at the com-
pletion of the project. All data were processed using MS Excel. No data was discarded. 
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3 Results 

Fig. 1 shows results from questionnaires comparing Primary and Lower Secondary 
school. Mean values were computed per each question in each of the two level of edu-
cation, then normalized to the highest value of the range (3 for the Elementary school 
and 5 for the Lower Secondary School) and multiplied by 100 to obtain the percentage 
value.  

 

Fig. 1. Results of the Questionnaires grouped per goals. 

Fig. 2 and Fig. 3 show the results from the crossword puzzles scored by primary and 
lower secondary school, respectively, and grouped by the four main areas of knowledge 
listed in subsection 2.4.  

 

Fig. 2. Results of the crossword puzzle tests administered to primary school students. 
Each category represents an area of knowledge investigated by a set of questions. 
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Fig. 3. Results of the crossword puzzle tests administered to lower secondary school students. 
Each category represents an area of knowledge investigated by a set of questions. 

Results from the crossword puzzles were processed assigning each answer to one of the 
following categories: missing answer, wrong answer, correct answer. Then, percentage 
of each categories were computed and divided into four categories relating to four areas 
of knowledge addressed by the activities: hardware, software, renewable energies and 
roles in the robotic activity. To examine to which extent the didactic objectives con-
cerning these four areas of knowledge have been achieved, a threshold of 80% was set 
to see how many students answered correctly to this level. This threshold is suggested 
by [20] as a reference point to measure the success of the activities. Results from this 
kind of analysis are shown in Table 1. 

Table 1. percentage of students who scored above or below the threshold expressed as the per-
centage of correct answers. Rows present the percentage of students above the threshold (>80%), 
below the threshold (<80%) and the sum of these shares (Tot.). Columns present percentages 
related to the overall result in the test (Tot), to Hardware (Hw), to Software (Sw), to Renewable 
Energies (En) and to Roles in the Group (RG). 

Threshold Primary school Lower Secondary school 

 Tot Hw Sw En RG Tot Hw Sw En RG 

>80% 33 33 39 45 35 40 29 62 86 79 

<80% 67 67 61 55 65 60 71 38 14 21 

Tot. 100 100 100 100 100 100 100 100 100 100 

4 Discussion and Conclusions 

Tools and methods employed in this project represented a new experience for students 
as it was different from the everyday teaching approach, both in the relation with the 
place around them (the different spatial distribution of the desks or the possibility to 
use even the floor to build and test) and in the approach to the learning activity (for 
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example the peer tutoring technique, educator acting as a facilitator rather than a deliv-
erer of notions). Fig. 1 shows overall positive results for Obj. 1 which led to believe 
that this new approach has proved to be successful. But this is no surprise because most 
of the literature reports great enthusiasm towards robots in the classroom and new ap-
proaches to learning. Fig. 1 highlights also that activities yielded positive results at the 
primary school, but checking answers to Q1 the 42% answered that they experienced a 
little difficulty in understanding the instructions the educator gave. Answers to Q4 and 
Q5 seems to show that they really felt as they faced some difficulties in building and 
programming. In the lower secondary school, Q1 reports higher scores if compared 
with primary school. Higher scores in Q1, Q2 and Q3 are counterbalanced by the pres-
ence of few totally negative scores, which affects in Fig. 1 the final percentage for 
Goal1. For Obj. 1 there is an overall positive result, as the column in Fig. 1 are above 
an 80% threshold, thus depicting a scenario in which students seemed to perceive as 
positive the new approach to learning. Fig. 1 shows an overall positive result for the 
experience of working in team, both for primary and lower secondary school, even 
though there is a slight difference in scores (87% for primary school and 76% for lower 
secondary school). Results seems to show that they did not get to know something more 
about the other team mates. Possible causes could be the short time dedicated to activ-
ities which would require more time to fully exploit its potential or the fact that students 
were already used to work in group. Looking at Fig. 2 and Fig. 3 we can see that there 
are more missing answers than wrong answers. This can relate to the peculiarity of the 
test, because it seems likely that a student not knowing the answer, would seek to match 
the possible words coming to his/her mind with the boxes in the crossword and if the 
word didn’t fit, he/she would discard the answer leaving the boxes blank. It should be 
considered that crossword puzzles could be an easier way to answer a question, because 
they give hints on the length of answers and sometimes even on some letters. Maybe, 
if students were presented with open questions, they probably would have ventured 
more to give tentative answer. In general, it seems that lower secondary school presents 
more positive results in Crosswords puzzle test. In Fig. 2 we can see that the test scored 
an average 40% of missing/wrong answers, whereas in the lower secondary school the 
average missing/wrong answer is considerably inferior (about 25%). Looking at Table 
1, we can see that in the field of Renewable energies at the lower secondary school 86% 
of the students are above threshold, whereas at the primary school only the 45%. An-
other curious result is that with a share of 79% at the lower secondary school, students 
clearly recalled the roles they were assigned during the project, whereas at the primary 
school only the 35%. This gives credit to the possible side effect of technology. Robots 
are very attractive to children, but they can draw attention on themselves, to the detri-
ment of contents they are supposed to convey. In fact, even if Robotics is a useful aid 
to raise interest toward STEM subjects in schools and it has the potential to change the 
way students learn STEM subjects, technology by itself do not necessarily translate into 
better learning. 
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