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Abstract Educational Robotics is rapidly gaining attention as an effective methodology 
to develop skills and engage students preserving their peculiar style of learning. It is often 
tied together with two other methodologies, Coding and Tinkering, characterized by a sim-
ilar hands-on approach. In order to fully exploit their inclusive features, teachers need to be 
prepared to introduce them into classroom. It is often noticed that in service teachers are 
not yet fully prepared to face this challenge. Many actions have been established to recover 
this situation, but a proper method for assessing whether these actions are successful or not 
is not yet developed. This paper presents a methodology for introducing in-service teachers 
to Educational Robotics, Coding and Tinkering and for assessing the outcomes. 184 in-ser-
vice teachers were assessed and results analysed. Final considerations draw a picture of the 
situation amongst the sample chosen for the present study, observing that the intervention 
seemed to be successful in providing key notions and examples, and improving teachers’ 
self-confidence.
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BL  Baseline
BYOD  Bring your own device
CT  Computational thinking
HSS  Humanities and Social Sciences
ICT  Information Communication Technology
KMO  Kaiser–Meyer–Okin measure of sampling adequacy
LIM  Lavagna Interattiva Multimediale (interactive whiteboard)
MIUR  Ministero dell’Istruzione, dell’Università e della Ricerca
MIT  Massachusetts Institute of Technology
NASA  National Aeronautics and Space Administration
OECD  Organisation for Economic Co-operation and Development
PCA  Principal component analysis
PNI  Piano Nazionale Informatica (National Plan for teaching Informatics at school)
PNSD  Piano Nazionale Scuola Digitale
PT  Post-training
ST  Science and Technology
STEM  Science technology engineering mathematics
TAM  Theory of planned behaviour
TMI  Think Make Improve
TPB  Technology acceptance model
UTAUT   Unified theory of acceptance and use of technology

1 Introduction

A key component for the education of the future is the development of the twenty first cen-
tury skills, whose definition and assessment is still matter of research. Some of the major 
findings are reported in Dede (2010), which reports frameworks whose aim is to define, 
comprehend and assess this set of new skills. Technology seems to hold a special place in 
each framework, probably because of its direct connection with the future employability 
and quality of life. At European policy level, for example, introducing the technological 
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Fig. 1  Skills for key enabling technologies in Europe (OECD 2016)
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literacy has been the focus of several actions. One result of these actions is a study on 
what the skills for the key enabling technologies are (Fig. 1). However, the Organisation 
for Economic Co-operation and Development (OECD) states that education systems and 
institutions experience several barriers to the adoption of new technologies (OECD 2016). 

So, even if the twenty first century skills and technologies in the classroom are acknowl-
edged as capital to future citizens, nowadays teachers find it hard to figure out how to train 
their students to develop such skills. Several studies report examples on the effectiveness 
of new approaches to teaching and learning that might aid teachers in their path to innova-
tion (Benitti 2012; Scaradozzi et al. 2016b; Cesaretti et al. 2017). For example, Educational 
Robotics (ER) can be used to motivate children’s learning (Mubin et al. 2013), to enhance 
STEM learning at different age level and gender (Atmatzidou and Demetriadis 2016), in 
people with certain impairment, such as ASD (Kaboski et  al. 2015) or hearing impair-
ments (Kose et al. 2014), and in underprivileged student in Africa (Eguchi 2015). ER is an 
integrated approach to STEM (English 2016; Sanders 2008) which exploit specific peda-
gogical methodologies to help developing skills (Benitti 2012; Atmatzidou and Demetri-
adis 2016) allowing different speeds and learning styles (Urschitz and Moro 2014). ER is 
a powerful and versatile mean to address several questions and a variety of applications 
are possible, even with support teachers (Agatolio et al. 2017). Not only ER, but also other 
activities such as Tinkering or Making can be incorporated into daily classroom activities. 
Tinkering is a bottom-up approach, characterized by hands-on activities in which pupils 
can experiment and play freely with materials, both technological and waste (Resnick and 
Rosenbaum 2013). Creativity, innovation and entrepreneurship are some of the main char-
acteristics of Tinkering and Making, which are usually employed in an informal environ-
ment. The design and construction of physical objects are usually perceived as playful, 
but in schools, where activities are structured and guided, Tinkering and Making can also 
support deep student learning, thus stimulating young people to raise interest in STEM 
career and even to open themselves to others reporting their own positive experience of 
learning (Vossoughi and Bevan 2014; Bevan et  al. 2015; Blikstein et  al. 2017). Another 
field of interest is Coding. Learning how to program has always been an issue and nations 
worldwide have tried to introduce it in the education system (Bottino 2014; Rolandsson 
and Skogh 2014; Weintrop and Wilensky 2016). But learning to code is not just an end in 
itself. Learning to code can lead students to learn the design process, how to develop an 
idea, how to break down big problems into small problems and many other abilities that are 
related not just with the world of computers. Some tools have been developed through the 
years to help students to create meaningful artefacts, like Scratch (https ://scrat ch.mit.edu/), 
a free educational programming language that was developed by the Lifelong Kindergarten 
Group at the Massachusetts Institute of Technology (MIT).

Understanding the need for innovation and the potential of these new approaches, the 
Italian Ministry of Education (MIUR) put into action the National Plan for Digital School 
(PNSD) which aims to set up a comprehensive structure of renewal for Italian school. Many 
activities have been supported by PNSD to introduce and educate students to digital technol-
ogies (Avvisati et al. 2013; Bottino 2014). One of these activities is to train in-service teach-
ers on didactic innovation. PNSD establishes that the professional development of teachers 
will take place in the poli (schools leading other set of schools) and in the snodi formativi 
territoriali (schools which host training courses for a particular area of Italy). Even if this 
large and comprehensive strategy has brought the possibility to expose new technologies 
to school and schools to technology with a widespread coverage over the country, often 
projects rely on external experts to realize activities. But to fully exploit the potential of 
new methodologies, school cannot rely only on external experts or on small and fragmented 

https://scratch.mit.edu/
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activities in the remnant of after-school time. Research on introducing technology into 
schools emphasizes that preparing teachers to deal with the use technology and new meth-
odologies in their teaching activity is the paramount concern (Lee and Lee 2014; OECD 
2010; Rockland et al. 2010; Wang et al. 2014). Other studies indicate that a more extended 
and structured programme to bring technology into school curricula can help introducing 
several skills since an early stage of education (Scaradozzi et al. 2015, 2016a). This can be 
achieved only if teachers are trained to carry out meaningful activities, as they are the ones 
in charge of students’ education, balancing contents and experiences and articulating teach-
ing to match the way students learn. Research on this field produced a variety of results. 
Aldunate and Nussbaum (2013) found that the sooner the teachers become acquainted with 
technology, the better they can cope with it and use it in the daily activities in the classroom. 
Heitink et al. (2016) found a mismatch between what teachers think about their own abili-
ties and the abilities they actually show in practice, stating that this is a threat to the effec-
tiveness of using ICT in teaching and calling for explicit attention to teacher’s reasoning 
about their technology use in practice. Understanding users’ acceptance of technology in 
education has been the focus of several researches and as a result some theories have spread 
across the scientific world, such as the technology acceptance model (TAM) (Davis 1989), 
the theory of planned behaviour (TPB) (Ajzen 1991), and the unified theory of acceptance 
and use of technology (UTAUT) (Venkatesh et al. 2003). But that is not all that research is 
doing in this field. When measuring teachers’ technology usage, not only ICT integration 
has been investigated, but also pedagogical and ethical issues, ways to measure and improve 
teachers’ ICT integration proficiency and internal and external influencing factors that facili-
tate, or hinder teachers’ ICT use at school (Hsu 2017).

This paper describes a training course for in-service teachers dealing with three new 
methodologies and technologies for teaching: Educational Robotics (ER), Coding and 
Tinkering. Actually, the course dealt also with Classroom Debate and Storytelling, but 
authors chose to emphasize the themes more relevant to the present issue. While the moti-
vation to realise this kind of training course has been explained previously in this section, 
the objectives are specified as follows:

• to provide teachers with key notions and examples of the tools and techniques that are 
proper to each of the above-mentioned methodologies;

• to improve teachers’ self-confidence in using technology in the classroom;
• to evaluate how much they have learnt from this course.

The course was designed to introduce teachers to each methodology, to make them experi-
ence a specific activity based on that methodology and, finally, to assess them anonymously. 
Details on the design and implementation of the course can be found in the Sect. 2. Sec-
tion 3 will summarize main findings from the statistical analysis of data gathered through 
the assessments instruments. Section 4 will draw some considerations from the analysis.

2  Methods

The course followed the schedule reported in Table 1. An overall amount of 15 h was dedi-
cated to the introduction of five different methodologies. During the four workshops teach-
ers dealt with both theoretical aspects and practical activities. About 400 teachers were 
enrolled in the course offered by the snodo formativo territoriale. The whole course was 
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delivered to groups of about 30 teachers at a time. Groups were created according to the 
availability of teachers and host facilities. Courses were delivered from May 2017 to June 
2017 in Silvi and Giulianova, in the province of Teramo (Italy).

Next subsections will provide full details on the research design and on the activities 
carried out during the workshops.

2.1  Participants

Participants were enrolled during the planned training course. Authors had no control over 
the enrolment of teachers. All teachers came from the province of Teramo. Teachers were 
presented with the aim of the study at the beginning of the training course. They could 
choose whether to participate in the study, so only volunteers took part in the study. Both 
teachers participating in the study and those who did not participate had the same training, 
the same access to contents and the same possibility to address questions to educators. They 
also worked together during the activities. Volunteers were asked also to fill a form ask-
ing personal information (age, gender, educational qualification, background), information 
about their professional life (years spent in the career of teaching, educational stage at which 
he or she is currently teaching and which subject(s), in which province of Italy) and issues 
connected with the topics of the training course (if they are currently using some technol-
ogy in their classroom and which kind of technology). The total number of teachers, ranging 
from kindergarten to upper secondary school, considered for the statistical study described 
in Statistical methods, is 184. This sample is described in Table 2 and Fig. 2. Personal data 
and data on their professional life are reported in Table  2. Figure  2 represents the histo-
gram of teachers’ usage of technology in the classroom by category. “Robot” stands for use 
of robots, either in kit or already assembled, in classroom for activities. “LIM” (Lavagna 
Interattiva Multimediale) is the Italian acronym for the electronic whiteboard. “Tablet/PC” 
stand for the use of PC or tablet in his/her teaching activities. “Boards” mean electronic 
boards like Arduino, Raspberry and many other choices the market offer. “SW_Coding” 
is the software dedicated to computer programming (i.e. Scratch). “SW_Didactical” is the 
software dedicated to didactical purposes (for example, learning geometry, to visualize his-
tory and geography,…). “Text Editor” is the category for software dedicated to text editing. 
“AV_Editor” means the software for Audio–Video editing. “Other” collects all those tech-
nologies teachers couldn’t classify satisfactorily in the previous categories. From Fig. 2 we 
can see that the clear majority of teacher had previous experience in using tablet and pc to 
work with students. Also, LIM seems to be very popular amongst teachers’ work. This may 
indicate a good result for the Italian policies aiming at integrating this device into all class-
rooms. On the other hand, the use of robots, software for coding activities, boards and other 

Table 1  The training course schedule

Preliminary seminar Introduction to the course and to the Italian PNSD
Workshop 1 Introduction to Constructionism, to Educational Robotics and Coding
Workshop 2 Educational Robotics: approaches and programming challenges. 

Advanced activities
Workshop 3 Classroom Debate and Digital Storytelling
Workshop 4 Tinkering at school
Final seminar Final test and conclusions
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Table 2  Summary of data describing the sample of 184 participants collected by form A

Feature Index Value

Age (years)
Mean (SD) 47.9 (8.4)
Min 28
Max 64

In service teaching (years)
Mean (SD) 17.6 (10.6)
Min 1
Max 42

Gender
F (%) 88
M (%) 12

Level of education
Diploma (%) 39
Laurea Triennale (%) 3
Laurea Magistrale/Specialistica/Ciclo Unico (%) 51
Master I/II Livello (%) 7

Background
Science and Technology (%) 17
Humanities and Social Studies (%) 83

Teaching educational stage
Scuola dell’Infanzia (%) 18
Scuola Primaria (%) 53
Scuola Secondario di Primo Grado (%) 6
Scuola Secondaria di Secondo Grado (%) 23

Teaching
Support teaching (%) 15
Science and Technology (ST) (%) 14
Humanities, Arts and Social Studies (HASS) (%) 40
Both ST and HASS (%) 10
Other (%) 21

Fig. 2  The columns represent 
how many teachers use that tech-
nology into his/her class



253Implementation and Assessment Methodologies of Teachers’…

1 3

technological instruments is low amongst our sample. Prior to this course, less than 10% 
of teachers had used Robots or software dedicated to coding in classroom’s activities and 
less than 5% of teachers had used Boards or other technological means. This characteristic 
agrees with the fact that Piano Nazionale Informatica (PNI) and other policies addressing 
the use of computers at school started before PNSD and they have given results in the past 
years. Moreover, the increased availability of PCs and tablets as personal devices in recent 
years may help to reach even the schools that cannot afford such devices. The wide avail-
ability of Pcs, Tablets and Smartphones makes it possible for teachers to exploit the philoso-
phy of BYOD (bring your own device) and the potentiality of blended learning. By contrast, 
robots and, more specifically, educational robots are still a heavy cost for schools that fail to 
access funds. Moreover, the use of robots and electronic boards require more specific tech-
nological knowledge which still weigh on the endeavours and good will of teachers. 

2.2  Workshops Description

2.2.1  Workshop 1

First step in Workshop 1 was highlighting that the core of the course was not about devices, 
but about a different approach that teachers can use in their class, allowing students to 
become creators of knowledge working on meaningful projects. To create effective learn-
ing Papert proposes the practical construction of a public entity, that could be tangible, but 
also very abstract (Papert 1972; Papert and Harel 1991). The trainer presented also the def-
inition of Computational Thinking (CT) as stated by Wing (2011), which defines it as “the 
thought processes involved in formulating problems and their solutions […]. The solution 
can be carried out by a human or machine, or more generally, by combinations of humans 
and machines.”. After this brief theoretical introduction, teachers applied this pedagogical 
vision working on their first course project. Kindergarten teachers used devices suitable 
for 4 to 5-year-old children (Bee-Bot, Fig. 3, and Scratch Jr., Fig. 4) to create stimulating 
scenarios. By practising, they could see how to construct programming sequences for the 
Bee Bot, how to realise creative mats where robots move and how to create simple digital 
products with Scratch Jr.

Primary school teachers built some robots that could act the story “Two monsters” by 
David McKee. They built a lion robot using Lego WeDo kit (Fig. 5) and transformed it into 

Fig. 3  Bee Bot
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a monster (Fig. 6). Then, they programmed it to create behaviours in line with the main 
character of McKee’s story, using motor and sound blocks in Scratch.

Secondary school teachers built a robot to help NASA exploring Mars with Lego Mind-
storms EV3 kit, Education edition (Fig. 7). Then they were challenged to use simple pro-
gramming concepts to accomplish a task: the rover had to cover a given distance (1 m) 
and teachers had to be as precise as possible. This challenge aimed to make them aware of 
how much mathematics and problem solving could be introduced in a practical and playful 
activity.

Primary and secondary teachers experienced a possible model for organizing their pre-
sent (and hopefully future) building activities: the assignment of roles. Each group was 
made up of four people having different roles: the designer (responsible for the project and 
coordinator of the team, he/she has the task to communicate building instructions to team-
mates), the warehouse worker (responsible for the robotic kit, this student looks for Lego 

Fig. 4  Scratch Jr.

Fig. 5  The lion a group of teach-
ers built using Lego WeDo kit

Fig. 6  Lions transformed into 
monsters
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pieces inside the box), the technical-assembler (responsible for the robot assembling, this 
student builds the robot receiving instructions from the designer and Lego pieces from the 
technical-assembler), and the validator (responsible for checking whether the robot is cor-
rectly assembled, observing the instructions on the computer).

At the end of the activity, all groups of teachers shared their tangible (in the case of 
robots) or abstract (in the case of programming sequences) artefacts, comparing different 
solutions and teaching each other how to solve diverse types of problems.

2.2.2  Workshop 2

Workshop 2 started with a consideration on possible flows and frameworks that a teacher 
could adopt while designing a process of an educational progression. The trainer proposed 
two models: Lego 4C Framework (https ://educa tion.lego.com/en-us/about -us) and TMI 
model (Martinez and Stager 2013).

Lego 4C framework is made up of 4 phases:

• Connect the challenge, project or task is introduced, allowing students to ask clarifying 
questions and build on their existing knowledge. In this phase they can connect to a real 
problem, meaningful for them, and find the motivations to decide to start the project.

• Construct students have to create something concrete or abstract to fulfil the project 
they have in mind. Pupils can create artefacts together, working and experimenting in 
group.

• Contemplate students think about their invention and reflect on possible improvements; 
they could also show and explain their products to other classmates.

• Continue after the Contemplate phase, pupils could have new ideas to realize or prob-
lems to solve, so they start again with the Connect phase.

The TMI model is characterized by 3 phases: Think, Make and Improve:

• Think the moment in which any group of learners have a brainstorming and decide 
what and how to create, defining goals and roles to maintain during the project.

• Make the creation phase, when students can build, experiment and play.

Fig. 7  A mobile robot built 
with Lego Mindstorms EV3 kit, 
Education edition

https://education.lego.com/en-us/about-us
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• Improve (Fix or Make Better) pupils can share their inventions, they discuss with peers 
or with the educator how to improve or how to fix their creations.

TMI cycle can model a process in which students build their own products to solve 
a specific problem or challenge restarting from step 1 to 3 as many times as needed 
(Fig. 8).

It’s easy to see the connections between the two models: Connect phase corresponds to 
Think step, Construct with Make step, Contemplate with Improve step and Continue with 
the loop structure of the TMI model. Workshop then continued with a practical activity: 
kindergarten teachers built a more complex robot with respect to their previous experience 
(a robotic lion using Lego WeDo kit), primary and secondary teachers installed a sensor 
in the robot they had previously built and programmed their artefact to interact with the 
environment. For example, they used the motion sensor of the Lego WeDo kit to measure 
the distance from an object (Fig. 9) or the robot rover to avoid obstacles on Mars following 
the code in Fig. 10.

Thus, teachers had the possibility to create a simple “intelligence” for their robot, useful 
to integrate other sensors, and not only an ON–OFF logic. At the end of Workshop 2 the 
trainer and the educators discussed some ER’s projects analysing objectives, activities and 
obtained results. It was a moment to inspire teachers and to give them powerful ideas they 
can replicate during future projects.

2.2.3  Workshop 3

This workshop presented two innovative didactic methodologies: Digital Storytelling 
and Classroom Debate. Both of them were introduced both in their theoretical founda-
tions and in their practical aspects. As stated before, these two methodologies will not be 
discussed.

Fig. 8  The three phases of the 
TMI model
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2.2.4  Workshop 4

Workshop 4 was dedicated to introducing Tinkering activities in an educational project. 
Teachers created a very inexpensive robot (cost of materials about 3 €), using waste mate-
rials, markers and motors. Then, they freely created and tested “scribbling machines” 
(Fig. 11). At the end of these activities the trainer introduced the definition of Tinkering, 
reflecting on how many styles students could apply in a making activity. In fact, students 
that can act as planners (relying on formal rules, formulas and calculations) or tinkerers 
(tending to react to the specific details of the particular situation). Tinkerers are often left 
out or alienated, especially in STEM classes, which particularly emphasize the other learn-
ing style (Resnick and Rosenbaum 2013).

Teachers have to recognise these different styles of learning to let the students express 
themselves in their own way, because the paths students cross to create an artefact are mul-
tiple. Workshop continued with a practical activity. Kindergarten and primary school’s 
teachers worked with Makey Makey board, exploring the potentiality of this device and 

Fig. 9  Example of scratch code 
for WeDo motion sensor example

Fig. 10  Ultrasonic sensor example in Mindstorms software
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some possible connections with Italian curricular subjects. Secondary school’s teachers 
worked with Arduino board, creating their first simple circuits and discovering how many 
powerful projects students could develop with it.

2.3  Assessment Instruments

The variables of interest were basic knowledge and self-confidence of teachers towards the 
proposed methodologies and tools. Both them were measured in two different moments. 
The first measure provides the entry level for the course and “Baseline” (BL) for consid-
erations. The last measure provides the “Post-Training” (PT) measure. Self-confidence 
towards the proposed methodologies was measured by means of a questionnaire (B1). It 
was presented to teachers twice: during the preliminary seminar (B1-BL) and during the 
final seminar (B1-PT). For each methodology the questionnaire asked three questions: one 
on the proficiency on the theoretic knowledge, one on the mastery of techniques and tools 
and one on the capability to design a didactic path employing their knowledge on the tools 
and techniques of that particular methodology. The full questionnaire is reported in Appen-
dix. These three questions per methodology aimed at measuring self confidence in two 
dimensions: knowledge of tools and theories behind each methodology and capability to 
take the challenge of designing a didactic path. Administering B1 twice authors aimed at 
detecting how teachers varied the assessment of his/her competence according to the par-
ticipation to the course. To this end a 10-points Likert scale with 0.5 points sensitivity was 
chosen. This kind of answer allows to transfer the intensity of an attitude or of a perception 
in a numeric value which relates to a scale with a high degree of precision. Teachers were 
enabled to give their opinion or position on the question expressing the degree of detail 
they wanted. The use of Likert-type scales, the administration procedure, the wording of 
questions, all concurred to make administration easy and consistent to deal with methodo-
logical threats. A factor analysis and reliability analysis were carried out using IBM SPSS 
v. 25. Items considered for these analyses are those regarding ER, Coding and Tinkering 
(9 items). Data was gathered from teachers not interested in participating to all the experi-
ment and just filled B1 at the beginning of the course. 285 teachers participated in this 

Fig. 11  Scribbling machines 
created by teachers during the 
course
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part of the study. Sampling was not an issue because this number of observations respects 
the rule of thumbs of having at least 10-15 participants per item. Moreover, applying the 
Kaiser–Meyer–Okin (KMO) measure of sampling adequacy, the dataset scores 0.862, a 
good value. The correlation matrix (Table 3) shows good correlations between items. None 
of the correlations falls under r = 0.3. On the contrary, it should be noted that correlation 
is high (r > 0.9) for the two questions concerning methodologies and tools (pairs of item 1 
and 2, 3 and 4, 5 and 6).

Bartlett’s test value says that we can reject the null hypothesis (H0: no correlation 
between variables, rejected with p > 0.05), so we can proceed with factor analysis. Fig-
ure 12 shows the Scree plot. Factors with values above the point at which the curve flattens 
should be retained. In this case we have two factors. Together they explain about the 84.5% 
of the total variance, the factor 1 explains alone the 71.85% of the total variance. Factor 1 
has high loadings on each item (more than 0.7 at least for each item), while factor 2 shows 
very low loadings (most of them less than 0.3) except for items 3, 4, 8 (higher than 0.3 and 
less than 0.6). A reliability analysis was also carried out on the self-confidence question-
naire and Cronbach’s alpha showed B1 to reach good reliability, alpha = 0.945. All item 
seemed worthy of retention.

Table 3  Correlation matrix for questionnaire B1. Items’ numbers refer to Appendix

Item 1 Item 2 Item 7 Item 3 Item 4 Item 8 Item 5 Item 6 Item 9

Item 1 1.000 0.915 0.715 0.599 0.597 0.515 0.792 0.771 0.708
Item 2 0.915 1.000 0.760 0.599 0.592 0.535 0.798 0.776 0.706
Item 7 0.715 0.760 1.000 0.605 0.584 0.748 0.692 0.691 0.816
Item 3 0.599 0.599 0.605 1.000 0.940 0.737 0.539 0.547 0.529
Item 4 0.597 0.592 0.584 0.940 1.000 0.716 0.535 0.544 0.530
Item 8 0.515 0.535 0.748 0.737 0.716 1.000 0.521 0.513 0.683
Item 5 0.792 0.798 0.692 0.539 0.535 0.521 1.000 0.948 0.864
Item 6 0.771 0.776 0.691 0.547 0.544 0.513 0.948 1.000 0.868
Item 9 0.708 0.706 0.816 0.529 0.530 0.683 0.864 0.868 1.000
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Fig. 12  Scree plot of factors underlying the dataset. Method of extraction: Principal component analysis 
(PCA)
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Finally, as a measure of criterion validity we compared the mean scores in B1 with the 
previous experiences with Robots, Boards and Software for coding activities. On the con-
tingency table with results to B1 (scores above or below the mean value of all scores) and 
previous experience (“some” or “none”) the Cohen’s kappa coefficient showed moderate 
agreement between the results to the two tests (κ = 0.45).

To measure basic knowledge about the methodologies and the tools designed to be 
the subjects of the course, the test B2 was built by the expert educators. It was presented 
to teachers twice: the first time, during the preliminary seminar (B2-BL), the second, 
during the final seminar (B2-PT). Two questions per methodology were formulated: one 
testing teachers’ knowledge on the theoretical foundations of the methodology and one 
testing their basic knowledge of a specific tool usually used for activities with that meth-
odology. Each question provided three possible answers: one correct, one wrong and 
one partially wrong. Teachers could either chose to answer the question or not. They 
were instructed to choose the best option amongst the three. B2-BL gives an overview 
of how much teachers already knew about the methodologies before the training. B2-PT 
tells us how much this changed after they completed the course. This can give informa-
tion both on how these methodologies are already in use, or at least known, and on the 
changes in their basic knowledge which can be reasonably considered as an effect of the 
training course, thus providing a measure of the effectiveness of the training course.

2.4  Statistical Methods

Data from B1-BL, B1-PT, B2-BL and B2-PT were recoded. The 10-points Likert scale 
that respondents to B1-BL and B1-PT used was discretized and divided in five classes: 
class I was associated with very low level, class II with low level, class III with medium 
level, class IV with good level, class V with a very good level. This was necessary due 
to the granularity of data. Also the answers to B2_BL and B2_PT were classified con-
sidering different situations. Each subject could in fact give two correct answers (class 
III), only one correct answer (class II) or no correct answers, both missing and/or wrong 
answer to the two questions (class I) for each methodology. So, class I represents the low-
est level of knowledge, class III the highest and class II the medium level. To establish if 
the differences among the values collected for a specific variable are due to chance (null 
hypothesis, H0) or not (alternative hypothesis, H1) some statistical tests were applied: 
the p value indicates the significance level at which H0 is rejected and H1 is accepted. 
In our study H1 established that (1) differences at BL were due to individual, previous 
self-awareness (B1) or knowledge/competence (B2) and (2) differences between BL and 
PT were due to the training. Being the variable collected non-parametric (percentage), 
χ2 test and McNemar test were chosen. Comparisons among classes at BL and PT were 
performed by χ2 test was performed to evaluate the significance of the differences (Bon-
ferroni correction for multiple comparison was applied and significance was accepted for 
p < 0.005 for B1_BL and B1-PT, p < 0.0167 for B2_BL and B2-PT). To compare BL and 
PT values the McNemar test was applied; the significance was accepted for p < 0.05.

3  Results

Data from questionnaires B1-BL, B1-PT, B2-BL and B2-PT were analysed using MS 
Excel and Mathworks Matlab R2017b. Results from this procedure are reported in the 
following subsections divided by methodologies.
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3.1  Educational Robotics

Figure 13 summarizes the outcomes of the course evaluated through questionnaires B1 
and B2 at baseline (BL) and post-training (PT). The figure shows the significance of the 
differences between each column in each histogram (B1-BL, B1-PT, B2-BL, B2-PT), 
between the columns in B1-BL and B1-PT and between B2-BL and B2-PT. At base-
line, all columns in B1 are significantly different from each other, showing a descending 
trend from class I, which is the most populated class, to class V. In post training, this 
trend shapes differently, showing a significant difference between each column, even if 
no significant differences were envisaged comparing columns in class I and class V and 
columns in class II and IV. All columns in B2-BL and B2-PT are significantly different 
from each other. Significant differences can be found in comparing B1-BL and B1-PT 
considering columns for class I, III, IV and V. B2-BL and B2-PT show significantly dif-
ferent values for class II and III.

3.2  Coding

Figure 14 summarizes the outcomes of the course evaluated through questionnaires B1 
and B2 at baseline (BL) and post-training (PT). The figure shows the significance of the 
differences between each column in each histogram (B1-BL, B1-PT, B2-BL, B2-PT), 
between the columns in B1-BL and B1-PT and between B2-BL and B2-PT. At baseline, 
all columns in B1 are significantly different from each other, except for class II with 
respect to class II and class IV to class IV; class I is significantly the most populated 
class of the histogram. In post training, this trend shapes differently, showing a signifi-
cant difference between class III and all the other columns, between class II and class 
IV and between class IV and class V. All columns in B2-BL and B2-PT are significantly 
different from each other except for class II and class III at baseline. Significant differ-
ences can be found in comparing B1-BL and B1-PT considering columns for class I, III, 
IV and V. B2-BL and B2-PT show significantly different values for class II and III.

Fig. 13  Histograms reporting data from questionnaires B1-BL and B1-PT (left), B2_BL and B2-PT (right), 
related to Educational Robotics (B1-BL and B1-PT p value < 0.005, B2-BL and B2-PT p value < 0.0167 
and p value < 0.05 for comparing BL and PT values)
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3.3  Tinkering

Figure 15 summarizes the outcomes of the course evaluated through questionnaires B1 
and B2 at baseline (BL) and post-training (PT). The figure shows the significance of the 
differences between each column in each histogram (B1-BL, B1-PT, B2-BL, B2-PT), 
between the columns in B1-BL and B1-PT and between B2-BL and B2-PT. At baseline, 
all columns in B1 are significantly different from each other, except for class IV and V 
that are also the only empty classes; class I is the class of the histogram that is signifi-
cantly higher than all the others. In post training, this trend shapes differently, showing a 
significant difference between class V and all the other columns and between class I and 
class III. Columns in B2-BL show no significant difference, while B2-PT reports that 
class II and class III are significantly higher than class I. B1-BL and B1-PT reports sig-
nificant difference between the columns of the histograms, and so do B2-BL and B2-PT.

Fig. 14  Histograms reporting data from questionnaires B1-BL and B1-PT (left), B2_BL and B2-PT 
(right), related to Coding (B1-BL and B1-PT p value < 0.005, B2-BL and B2-PT p value < 0.0167 and p 
value < 0.05 for comparing BL and PT values)

Fig. 15  Histograms reporting data from questionnaires B1-BL and B1-PT (left), B2_BL and B2-PT 
(right), related to Tinkering (B1-BL and B1-PT p value < 0.005, B2-BL and B2-PT p value < 0.0167 and p 
value < 0.05 for comparing BL and PT values)
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4  Discussion and Conclusion

Hsu (2017) noticed a lack of attention in investigating the extent to which teachers improve 
their ICT integration over time. Moreover, she states that more than 40% of research 
designed activities in K12 education did not utilize devices to provide students with con-
structivist or collaborative learning. This study aims at evaluating the effect of a training 
course on in-service teachers’ knowledge and self-confidence in using technology in prac-
tice. Specifically, the course was designed to transfer not just basic technological skills, 
but also knowledge about new approaches to teaching and reasoning about technology in 
the classroom. Two measurements allowed to conduct the analysis reported in Sect. 3. Fig-
ures 13, 14, and 15 allow us to make some considerations. Similar trends in questionnaires 
and tests can be noticed: B1-BL histograms are unimodal distributions strongly right-
skewed, while B1-PT are unimodal distributions more symmetric with respect to B1-BL; 
B2-BL histograms for ER and Coding has similar shapes (strong negative skew), while 
B2-BL for Tinkering has an almost flat distribution among the three categories, but all the 
three B2-PT distributions are strongly negative skewed. The differences amongst classes 
in each histogram were tested by a Chi squared test (with Bonferroni correction) to test 
whether they were due to chance or they were statistically significant. Differences between 
first and second measurement were tested by McNemar test. Results were presented in the 
previous section. In B1-BL, class I for ER, Coding and Tinkering is significantly higher 
than all the other columns. This suggest that the entry level for all the three methodologies 
was very low, reporting that teachers’ self-confidence was very low. This may relate to the 
fact that they hadn’t a lot of previous experience with technologies, in particular, teachers 
had little experience with robots, boards or software for coding activities in their class-
room (Fig. 2). On the other hand, B2-BL suggests that most of the teachers had some early 
general notions on ER and Coding. Nothing can be said about this on Tinkering because 
all the three classes are equally represented as can be seen in Fig. 15 (left). At the end of 
course, class I for B1 is significantly lower than the corresponding class at baseline. This 
suggest that teachers’ self-confidence tend to be more positive. In fact, Class III, IV and V 
of B1-PT are significantly higher than the corresponding classes in B1-BL, even though 
class V is significantly lower than class III and IV. However, the rise of class V of B1-PT 
is not the most prominent amongst the three higher classes. This can be connected to the 
limited time teachers had to discover these new methodologies. In fact, an overall amount 
of 15 h in a week could be a too short period to become fully confident. Teachers may need 
further explorations in the three methodologies, especially in a real environment. Thus, a 
useful addition to their training could be the design of a project that could integrate the 
methodologies they learnt during the course with the subject they teach at school. This 
could be feasible in future courses by adding more dedicated hours. Research design could 
be improved by adding a follow-up study, examining how and if participants implement 
some activities in their real environment, trying for example to create an activity, organis-
ing the work accordingly and then evaluating the outcomes, exploiting both the knowledge 
on the methodologies and their personal richness as experienced teachers. Anyway, the 
improvement of teachers’ self-confidence is a promising factor. Heitink et al. (2016) stud-
ied teachers professional reasoning about their pedagogical use of technology. Their study 
evaluated volunteers (more positive and more confident than the average teacher, as stated 
by authors), thus their results were not influenced by lack of self-confidence or positive 
perceptions toward technology and still they found that there is a mismatch between teach-
ers’ reasoning about technology and their use of technology in practice.
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B2-PT in both ER and Coding shows a marked increase in class III and a decrease in 
class II with respect to B2-BL. At baseline, teachers seemed to have a partial knowledge 
on ER and Coding (Class II contains all the teachers who answered with only one correct 
answer to B2), while at post training they seemed to improve their level of knowledge. For 
Tinkering we can observe that class I significantly decreases in B2-PT, while class II-III 
significantly increase. This lead us to think that the course effectively gave some notions on 
this methodology. It seems that Tinkering is not as popular as the other two methodologies 
(B2-BL shows no significant differences between classes), but at the end of the course a 
good share of teachers improved their basic knowledge (about 40% correctly answered to 1 
question and about 55% correctly answered both of the two questions).

We can observe that at the end of the course both the self-confidence and the basic 
knowledge of teachers improved. Practice during workshops, knowledge gained through 
small lectures and discussions among peers, the exchange of experience all may have con-
curred to the improvement of their self-confidence with the three methodologies. Research 
in education can benefit from a wider exploitation of quantitative, qualitative and mixed-
methods approaches, but literature on ER, Coding and Tinkering have a wide variety of 
qualitative studies and still few which employ quantitative methods (Benitti 2012; Brennan 
2014; Vossoughi and Bevan 2014). If ER and Coding are very commonly applied both on 
formal and informal settings, Tinkering is still applied more in informal settings (Hjorth 
et  al. 2016). This paper attempts to quantify how much in-service teachers are self-con-
fident and how much notions have passed to them before and after a training course. This 
piece of information can give useful suggestion to those interested in digging deeper the 
associated phenomena, may them be researchers developing a more comprehensive study, 
entrepreneurs willing to invest in the fields, or policy makers willing to understand the 
actual situation of an in-service teacher in the balance between past and future of educa-
tion. Anyway, assessing the outcomes of a course and quantifying variables is not an easy 
task. In this work some points could be improved in the future by applying some refine-
ments to the design of the experiment and to the assessment instruments. This work was 
the initial step toward a more deep and comprehensive research on the introduction of new 
methodologies in the twenty first century education. Teachers’ training is a key component 
in this process. Next steps will include a larger sample and the introduction of other tests as 
an addition to the ones presented in this paper. The sampling procedure presented here was 
carried out by convenience sampling. It will be useful to expand the experiment in other 
occasions to include a control group to test the maturation effect. Moreover, other courses 
will start in other geographical areas allowing us to reach different geographical areas of 
Italy, to extend the generalizability of results and establishing comparisons between dif-
ferent areas. Extending our assessment instruments will probably result in a more accurate 
picture of in-service teachers. To give an example, in the overall evaluation answers to 
B2 seems to be sufficiently positive from the beginning (B2-BL), especially for ER and 
Coding. This may be due to previous knowledge about the methodologies, but it could be 
related also to the fact that just two general questions are not sufficient to evaluate com-
pletely the knowledge of a teacher on the methodology. It may be useful to empower this 
test with other questions and to evaluate its psychometric properties.
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Appendix

Questionnaire B1 (self-confidence)

1. How much do you know about the methodologies related to Educational Robotics?
2. How much do you know the tools (like software, kit, …) to carry out an activity of 

Educational Robotics in the classroom?
3. How much do you know about the methodologies related to Coding?
4. How much do you know the tools (like software, IDE, …) to carry out an activity of 

Coding in the classroom?
5. How much do you know about the methodologies related to Tinkering?
6. How much do you know the tools to carry out an activity of Tinkering in the classroom?
7. How much do you feel to be able to prepare an Educational Robotics activity?
8. How much do you feel to be able to prepare a Coding activity?
9. How much do you feel to be able to prepare a Tinkering activity?

Test B2 (knowledge)

1. With the term “Educational Robotics” we intend:

A. The robotic kits that can be employed while teaching
B. The whole set of tools and methodologies based on constructionism, which states 

that learning derives by the possibility to build an object.
C. The method designed by Lego to use robots in schools

2. In an Educational Robotics kit, a generic sensor can be used

A. To acquire data from environment and to allow the robot to interact with the envi-
ronment

B. To prevent the robot from hitting obstacles
C. To make the robot sensitive to emotions

3. Tinkering in an educational environment is

A. A method characterized by a bottom-up approach through which students explore, 
make and iteratively make experiments in a project-based or problem-based context

B. A method that students at school can use to successfully manage projects
C. A method characterized by a top-down approach, specific calculations and struc-

tured design, to help students to carry out projects or to solve problems

http://creativecommons.org/licenses/by/4.0/
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4. To carry out projects using the tinkering methodology in the classroom we need

A. A Makey Makey board
B. Lego boxes
C. It depends on the kind of the project, in general it can be useful to consider waste 

material

5. Computational thinking can be defined as

A. A mental process to make possible for an agent, being it a machine or a person, to 
solve problems by giving instructions to follow autonomously

B. Being able to write computer programs
C. A passion for computer science

6. Scratch is a tool

A. That allows to create funny videogames
B. Which allows interdisciplinary link letting students free to create personal projects 

(stories, games, simulations, animated cartoon…)
C. Which allows teachers to present students with fixed exercises that train computa-

tional thinking and train programming skill (for example labyrinth’s solution)
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