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Abstract: Non-formal learning environments, such as science museums, have a fundamental role in
science education and high potentialities as ideal contexts for science teachers’ training. These aspects
have been analyzed and reported in several recent works mainly focused on students’ perception
of science and increased engagement towards scientific disciplines. In this work, a project-based
learning methodology optimized and experimented in the frame of a pre-service chemistry teachers’
course at the University of Pisa (Italy), during the last eight years, involving in total 171 participants, is
presented. This educational project has several distinctive features related to the STEAM philosophy,
with a high level of multi-disciplinarity and creativity. Most of the laboratories and chemistry-centered
activities were conceived, planned and carried out by the future chemistry teachers in non-formal
contexts, such as science museums. A case study based on a series of non-formal laboratories
designed by a group of students during their training in the academic year 2018–2019 and performed
in a science museum is reported and examined in details. In this paper, all steps of the STEAM
project-based learning methodology are described underlining the main learning outcomes and
cognitive levels involved in each step and the relevant methodologies proposed during the training
course and adopted in the project. The effectiveness of this pre-service teachers’ training methodology
is finally discussed in terms of participants’ motivation and interest towards the course’s content,
students’ final judgment of their training experiences and, in particular, of the STEAM project-based
learning activities. From the students’ feedbacks and final assessment, the role of the non-formal
context in teaching and learning chemistry and the efficacy of developing educational activities
related to current and real-life chemistry-centered topics emerged as very positive aspects of the
proposed approach.

Keywords: chemistry education; STEM; STEAM; non-formal environment; science museum; PjBL;
interactive learning; project-based learning; teacher training

1. Introduction

The role of non-formal contexts in learning and teaching [1–8] became a crucial aspect
in science education [9,10]. In the recent years, out-of-school programs and outreach
activities [11–19] designed for children, school students and adults concerning chemistry
and STEM (Sciences, Technology, Engineering and Mathematics) disciplines [20] have been
reported and discussed in terms of learning outcomes, effectiveness of the non-formal
contexts and acquired skills. Among non-formal environments, science museums [21,22],
and, in particular, museums of chemistry, collections of chemical instruments and historical
scientific collections demonstrated to influence positively the learning of chemical concepts,
to enhance the engagement of different publics into chemistry and to motivate high school
students in continuing their studies in science and in chemistry [23–32]. Chemistry is
recognized from the scientific community as a ‘central science’, since it connects different
disciplines such as biology and medicine, nanoscience and material science [33], however,
the general public perception of chemistry is not always positive and the general attitude of
students toward chemistry is very much influenced by their experiences at school [34–36].
The evidence of a connection between the formal and traditional teaching of chemistry and
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the perception of chemistry as ‘abstract’, ‘difficult’ and ‘far from everyday life’ [35,36] is
one of the reasons of a rethinking of the chemistry teaching. In this respect, the training of
pre-service chemistry teachers is an important issue [37]. Few investigations focused on
methodological aspects relevant in chemistry education and innovative approaches to train
pre-service and in-service teachers in chemistry, such as the STEM teaching philosophy [20]
and non-formal teaching methods, have been published so far.

In this paper, a teaching strategy optimized and tested in the last decade to train
future chemistry teachers in the frame of a ‘Chemical Education’ course at the University of
Pisa [38], in Italy, is described. The adopted methodological approach is based on STEAM
(STEM with the inclusion of Arts) laboratorial activities [39] developed in the context of
science museums. Within this approach, undergraduate students and pre-service chemistry
teachers attending the course typically follow a project-based learning (PjBL) strategy [40]
to design structured laboratorial activities to be performed in out-of-school contexts, such
as science museums.

The manuscript is organized as follows: Section 2 reports the theoretical background
of formal/non-formal/informal learning, the role of science museums, the STEM approach
and the PjBL method applied to chemistry education. Section 3 reports a description of
the STEAM project-based learning methodology developed in the frame of the ‘Chemical
Education’ course to train future chemistry teachers. Section 4 describes in detail the
activities performed by a group of undergraduate students who attended the course during
the academic year 2018–2019, as a case of study. In Section 5, the methodological approach
used to train future chemistry teachers is discussed based on the results of the final students’
surveys, and from the feedbacks collected during and after the activities in the non-formal
contexts. Conclusions are summarized in Section 6.

In this work, the usefulness and effectiveness of the STEAM project-based learning
method in preparing future teachers in chemistry and in stimulating their reflections about
learning and teaching chemistry in non-formal contexts is discussed. Moreover, the role
of designing laboratorial activities where chemistry is presented in connection with real
everyday-life problems, and other disciplines, either scientific or humanistic ones, emerged
as a very positive aspect from students’ feedbacks.

2. Background
2.1. Formal, Non-Formal and Informal Learning

The role of context in learning processes has been investigated at many levels, both
theoretical and experimental ones [1]. The definition itself of ‘context of learning’ is not
rigid, and probably not so unique, as recently reported in a concept-paper by Dohn et al. [2].
On the other hand, the contextual analysis in students learning has a long tradition, starting
from the major contributor of the ‘activism’, John Dewey, to the fundamental studies by
two founders of ‘constructivism’, Jean Piaget and Lev Vygotsky, who explored the role of
social and cultural contexts in cognitive development [2]. A general accepted classification
of contexts of learning bases on the distinction among formal, non-formal and informal
learnings, whose definitions can be summarized as [3–6]:

- Formal Learning: also called ‘scholastic learning’, typical of schools, universities and
recognized institutions, it is associated to a certification/degree. It can also be ap-
plied to professional learning in private or public contexts, such as the professional
continuous training finalized to job qualifications and progression.

- Non-Formal Learning: it is normally planned and it takes place apart from the schools
and other formal institutions. It is typical of museums, cultural centers, voluntary
associations, sports or arts associations and so on. Usually, it is not associated to
a certification; it can involve both adults and children. Non-formal learning is, in
general, a conscious learning.

- Informal Learning: it consists of experiences and actually living in the community and
in the family. Informal learning can be unconscious; it has no age limits, since it
happens during the whole life.
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Such definitions, even though not-exhaustive, have been included in the European
policies of education since 1996 [3,6] in connection with the ‘lifelong learning’, the continu-
ous process where individuals learn and acquire new competences, skills and knowledges
during the whole life, animated by different aims and stimulus, in different contexts and in
different ways [4].

Taking into account the distinctions among formal, non-formal and informal learning,
different contexts of learning can be characterized. A context of learning can be character-
ized by means of specific features, such as: (i) the physical environment or location (i.e.,
the school, the museum, . . . ), (ii) the functions or otherwise called tasks (i.e., educational,
professional, emotional, . . . ), (iii) the adopted methodologies and, where it applies, the
educational and teaching strategies (i.e., cooperative, laboratorial, . . . ), (iv) the specific
targets (i.e., students, children, adults, . . . ) and (v) the cultural/historical and social aspects
(i.e., in the city, in the periphery, in the modern age, . . . ).

2.2. Non-Formal Learning and Chemical Education

Focusing into the learning and teaching of chemistry, in the last decades non-formal
and informal learning and teaching emerged as crucial aspects in education of both children
and adults [10]. Several studies [11–19,21–32] have indeed evidenced the role of out-of-
school activities in motivating students and promoting positive attitudes toward chem-
istry [15], testing new teaching and learning methods applied to chemistry [14,16,18,40],
dealing with new and emerging topics in chemistry, such as sustainability and green
chemistry [11–14], as well as problematic themes, such as environmental pollutions and
microplastics [24,28,32]. Among various possibilities, informal activities, such as the indi-
vidual visit to a museum or an open day, or the consumption of a TV show may influence
positively the learning of specific chemical topics. Non-formal learning activities, which are
usually more structured and connected with school programs and chemistry curricula, have
been the object of deep researches in chemistry education. Examples of successful experi-
mentations of non-formal laboratorial activities, called Schülerlabor, have been reported in
Germany by Eilks and collaborators [11–14]: they have elaborated a differentiated learning
approach by exploiting the typical features of non-formal environments, developed and
tested on the topic of sustainability. Remarkably, these non-formal laboratorial activities
showed to be effective in including low-achievers and students with different abilities [11].
Known experiences of non-formal activities centered on chemistry, whose impact on stu-
dents have been reported [15–19,29–32,41], are the so-called outreach programs, where
universities and other institutions organize laboratories and other activities for kids and
for school students. In the last years, several examples of remote laboratories and virtual
highly interactive platforms have also been developed to inspire interest about chemistry
and scientific research and to orient students in continuing their studies in science and
chemistry, too [15,31,41–44].

Even though non-formal learning activities can be performed in the school context,
typically non-formal learning activities and methods have been incremented in out-of-
school contexts. Typical non-formal contexts relevant in chemistry education are the science
museums, or specifically the museums and collections of chemistry [21–23,26,27], and the
science festivals [30,31,45].

2.3. The Role of Science Museums in Chemical Education

Science museums with sections devoted to chemistry as well as museums and col-
lections of chemistry represent typical non-formal environments, whose educational role
has been object of several investigations. In fact, in addition to the undoubted historical,
conservative and cultural role of collections of scientific instruments, glassware, reagents
and other documents relevant in chemical history [27,44,46–48], science museum and sci-
ence centers are ideal contexts for designing and implementing innovative laboratorial
activities [21–23,26,49,50]. They can offer to schools’ students a space, generally more
equipped with respect to the laboratories of schools, where to learn chemistry in relation-
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ships with real life and society [21–24,27,51]. Very often science museums host courses to
train pre-service and in-service science teachers [18,22,23,51–54] and, in the case of chem-
istry teachers, the possibility to put innovative practical laboratorial activities into practice
represent an added value to their training [37]. Several works have been published about
the efficacy of non-formal activities developed in science museums in learning chemical
and physical concepts, such as the properties of liquids and solids, the science of colors,
lights and pigments, the properties of different kinds of materials, the chemistry of food
and fundamental chemical topics related to safety and human health [21–23,29,31,52,53].
Significant efforts in building up innovative exhibits related to chemistry, such as inter-
active laboratories to explore D.N.A. or the energy associated to chemical reactions, and
digital tools to approach the history of chemistry in very interactive ways, have been
reported [27,32,49,54] Moreover, the cultural and social roles of museums of chemistry,
as well as the historical chemical landmarks [46], are connected with their potentialities
as neutral contexts to stimulate critical discussions around chemical issues with relevant
ethical, economic and social implications [33,36,55].

2.4. STEM (and STEAM) in Chemical Education

As reported in ref. [43], science museums and science centers may have among their
missions the training of science teachers and science educators. Typical laboratorial activi-
ties planned in these contexts are multidisciplinary, including creativity as a key-aspect of
the educational activities. These features are central of a methodological approach called
‘STEM education’, which means a cross-disciplinary teaching philosophy where the four dis-
ciplines, i.e., Science, Technology, Engineering and Mathematics, are integrated [20,46,56,57].
Pedagogical features of STEM teaching approach include a student-centered learning envi-
ronment, the development of key transferable skills in problem solving, the development
of teamwork and communication skills [56]. The possibility to integrate these four scientific
disciplines is an opportunity for students to employ the fundamental knowledge of science
and mathematics in exploring technology, developing new solutions with an engineering
method. A further development of STEM is the inclusion of Arts, giving rise to the STEAM
teaching philosophy [39,58–62], which has the aim to encourage creative solutions, increase
motivation and make science learning more attractive.

Few studies have been published so far about the STEM or STEAM teaching ap-
proach applied to chemistry education. An interesting laboratorial STEM activity has been
proposed to first-years undergraduate students during an introductory chemistry course
concerning biodiesels [63]. Innovative laboratories have been recently reviewed [64] about
3D-printing as a tool for teaching chemistry: at the interface among chemistry, math, physics
and engineering, students can learn molecular representations, visualizing molecules in
3D, or built microfluidic devices, electrolytic cells and spectrometer devices by program-
ming with CAD software [64]. The effectiveness of an integrated STEM approach to teach
electrolysis to secondary school students has been recently investigated [65]. Other few
studies concerning STEM applied to chemistry education have been published, reporting a
detailed analysis of the instructional practices in a laboratory of introductory chemistry
course [66] and a study of the influence of a STEM-designed course on pre-service teachers’
chemistry content knowledge [67]. A recent study [68] investigated the impact of a small-
scale interdisciplinary infusion of non-science topics and issues, like art, history, and the
humanities, into an on-line course of general chemistry on student perceptions about the
connections between chemistry and other disciplines, and the real world. The integrated
STEM or STEAM approach demonstrated to be effective in enhancing motivation, creativity
and ability to critically discuss scientific advancements taking into account philosophical
and ethical issues [39,44,57,68]. An additional aspect recently investigated in chemistry
education is the ‘system thinking’ in combination with STEM approach, which aim to
increase the critical thinking, the reflections on science, society and ethical implications of
chemistry, and develop higher order thinking skills [69].
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2.5. Project-Based Learning in Chemistry and Pre-Service Training of Chemistry Teachers

Active learning and teaching methods referring to the constructivism theory have
been widely explored and applied to chemical education at different levels from the
primary school to the university [40,70–77]. Chemistry is indeed a very experimental
discipline and the role of laboratorial activities, where students are actively involved in
all steps of the learning process, has been recognized as a central aspect of chemistry
education [12,18,63,66,78–80]. Despite different types of laboratorial strategies have been
developed to teach chemistry, including many examples of virtual and digital laboratorial
activities performed during COVID-19 pandemic [81,82], almost all recent works focus on
inquiry-based, problem solving and project-based learning methods [63,72–77,83]. Project-
Based Learning (PjBL) is a teaching/ learning pedagogy that centers learning experiences
around projects, which can be structured in different ways depending on the targets, aims
and chemical contents. In chemical education, PjBL is used to focus on the application of
chemical knowledge, developing specific abilities and skills typical of laboratorial activities,
such as the use of instruments and glassware and the development of critical thinking.
Moreover, chemical laboratories based on the PjBL pedagogy, usually proposed at under-
graduate level [78,80,84] and in pre-service teacher training courses [83,85,86], aim to create
a learning environment typical of the research approach. Studies on the chemistry labora-
tories based on PjBL show that they can promote higher order cognitive skills, students’
communication skills and a propensity for cooperation and teamwork [80,84]. Chemistry
teachers’ training courses, pre-service and in-service ones, are fundamental aspects, which
are developed in different ways in the various countries depending on the recruitment and
school systems. The inclusion of STEM philosophy and project-based learning methods in
pre-service teachers’ training were object of recent studies [20,37,67,75,83,86–90].

3. Methodology
3.1. Main Actors and Contexts of the STEAM Project-Based Learning Approach

The main idea at the basis of the methodology used to train future chemistry teachers
reported in the present work is the synergy among three main actors: the ‘University’, the
‘Science Museum’ and the ‘School’ (or the ‘Families’) (see Figure 1).
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at the basis of the STEAM project-based learning method described in this work.

The ‘University’ represents the context of the training course for future chemistry
teachers. In the present study, the training course of ‘Chemical Education’, whose formal



Educ. Sci. 2022, 12, 30 6 of 32

name is “Fundaments and methodologies for chemistry education” [38], is a 24-h optional course
(3 credits), which is planned at the third year of undergraduate studies of the Degree in
Chemistry at the Department of Chemistry and Industrial Chemistry of the University
of Pisa [91]. As all other courses included in the curriculum studiorum, the course of
‘Chemical Education’ gives to the students a number of credits (3) and a vote (which can
range between 18 to 30). The vote of each course contributes to the final vote obtained
at the end of the students’ career. The course of ‘Chemical Education’ was included in the
Chemistry Degree curriculum since the 2013–2014 academic year, and it was one of the
first courses on ‘Chemical Education’ in Italy at the university level. After the 2017–2018
academic year, an additional 24-h optional course (3 credits), named ‘History of Chemistry
and Chemical Education’ [44], was added to the Chemistry Degree curriculum [91]. Since
2017, both courses were recognized as necessary courses for the access to the national
public competition for teachers in chemistry, in the frame of the Italian law 107/2015 about
the new teaching system and enrollment rules for teachers [92]. In particular, a necessary
condition for new teachers to be enrolled in the public school system is the completion of
24 credits of training (called ‘PF24’ program), which should include 6 credits concerning
teaching strategies, methodologies and discipline-centered education.

The second actor in Figure 1, namely the ‘Science Museum’, represents a typical non-
formal learning context. As discussed in the following, the ‘Science Museum’ has the role to
stimulate the creativity process at the basis of the design of the educational activities and
laboratories. Since the 2013–2014 academic year, the ‘Science Museum’ was the ‘Museo di
Storia Naturale (MuSNa)’ in Rosignano Marittimo (LI) (Tuscany, Italy) [93]. In the 2019–2020
academic year, thanks to a special project of the University of Pisa [94], the ‘Science Museum’
was the ‘Museo Galilei’ in Florence (Italy) [95]. During the academic year 2020–2021, due
to the COVID-19 pandemic restrictions, the non-formal context was a virtual session of
remote laboratorial activities designed by the students attending the course of ‘Chemical
Education’. These virtual laboratories were presented in occasion of the ‘European Night
of Researchers’ in the frame of the ‘BRIGHT’ (“Brilliant Researchers Impact on Growth
Health and Trust in research”) project of the Department of Chemistry of the University of
Pisa [96,97]. As detailed in the following, during these last eight years, some of the projects
designed by preservice teachers were also carried out at school, during open days at the
University of Pisa and in occasion of national science festivals, such as the ‘Festival della
Scienza’ in Genova (Italy).

The third actor in Figure 1, namely ‘School/Families’, represents the target of the ed-
ucational projects designed during the training course. In most of the cases, the STEAM
project-based learning activities were planned for a specific target: primary, intermediate or
high schools’ students. The laboratorial activities were performed in the ‘Science Museum’
with students coming from specific schools accompanied by their school teachers. In some
cases, these final activities were put into practice in the ‘Science Museum’ during open days
or after-school activity programs. In these cases, the activities were open to the families
and the target was more heterogenous with the presence of kids and students of different
age, as in the case study reported in Section 4.

3.2. The Partecipants of The Pre-Service Chemistry Teachers’ Course

Since the academic year 2013–2014, the number of students attending the course of
‘Chemical Education’ ranged between 15 to 25, as reported in Table 1. In total, the students
who attended the course were 171. Most of the students attending the course gave the final
exam obtaining very good votes. The average exam vote reported for each academic year
was higher than 27.75, corresponding to a ‘very good’ grade (note that votes can range
between 18 to 30).
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Table 1. Number of students involved in the “Chemical Education” course during different academic
years. Number of students who passed the final exam and the average exam votes are also reported.
The number of students who answered to the voluntary and anonymous survey is indicated.

Academic Year
Students

Attending the
Course

Students Who
Took the Final

Exam

Averaged Exam
Grade

Students Who
Answered to

the Anonymous
Survey

2013–2014 15 8 30/30 n.d.
2014–2015 21 18 28.56/30 6
2015–2016 21 20 28.65/30 11
2016–2017 18 12 27.75/30 12

2017–2018 1 24 17 28.59/30 14
2018–2019 25 23 28.22/30 14
2019–2020 23 22 28.23/30 15

2020–2021 24 18 2 27.89/30 2 19 2

1 From this academic year, the course was included in the ‘PF24’ training program necessary for the access to
the ‘public national competitions’ for chemistry teachers to be employed in the secondary schools in Italy (i.e.,
intermediate and high school levels) [92]. 2 Some students attending the course this academic year are still
involved in the final exam.

As shown in Table 1, since the academic year 2017–2018, the course was included
among the courses necessary to access the ‘public national competition’ for chemistry
teachers to be employed in the Italian secondary schools (‘PF24’ training program) [92].
Since then, the number of students attending the course slightly increased. Most of the
attenders were students at the third or fourth year of undergraduate studies of the Degree
in Chemistry curriculum. Few students (5 in total) were in-service chemistry teachers
with a temporary school teacher position; few students (3 in total) came from different
curricula then Chemistry (i.e., Pharmacy or Chemical Engineering Degree courses). In
general, students attending this course were motivated and interested to the chemistry
teaching course for their future job, as it was evident from the analysis of the voluntary
and anonymous surveys (see Section 5). As shown in Table 1, the percentage of students
answering the voluntary surveys with respect to the number of students attending the
course of “Chemical Education”, in the last four academic years, varies from a minimum of
56% (2018/2019) to a maximum of 79% (2020/2021). The content of the surveys will be
commented in Section 5 discuss students’ motivation, interest, engagement and satisfaction
concerning the educational activities proposed during the course.

3.3. The STEAM Project-Based Learning Methodology

The STEAM project-based learning methodology was conceived at the beginning of
2013 before starting the course of ‘Chemical Education’ [38] and it was refined and optimized
during the academic years that followed. Among the main objectives of this course,
students should learn the basics of the teaching methods commonly included among the
active learning strategies more effective in science education, and in particular, in chemistry
education [38]. After a first introduction to constructivism theoretical background, several
lessons are dedicated to the main teaching chemistry models, the rudiments of chemistry
curriculum design and the role of different types of laboratorial activities in teaching
chemistry at different students’ levels. Among the teaching strategies presented to the
future chemistry teachers, particular emphasis is given to ‘problem solving’, ‘inquiry-based
learning’, ‘cooperative learning’ and ‘concept maps’ methods. These first lessons have the
aim to provide the students the conceptual and the methodological instruments necessary
to face up the second part of the course. According to the modified Bloom’s taxonomy [98],
this first part of the course aims to reach the first two cognitive levels, namely ‘remember’
and ‘understand’, with objectives that span on the first three knowledge dimensions (factual,
conceptual and procedural knowledge), as reported in Table 2.
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Table 2. Objectives of the course of ‘Chemical Education’ during the first part of the course (white background) and the second part of the course (grey background),
when the STEAM-project based learning methodology is applied. Learning objectives are organized by using the scheme proposed by Anderson et al. [98].
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of the activity reported in Table 3). 
(steps 4–5 of the STEAM activity) 

Analysis of the feedbacks from the 
participants to the activity;  

(step 8 of the STEAM activity) 

Evaluate the critical aspects con-
cerning the experimental and prac-
tical activities to be optimized from 
the step of simulation to the step of 
the implementation of the activities 

at the science museum.  
(steps 7–8 of the STEAM activity) 

Use the creativity to plan some 
parts of the activity (design of the 

steps of a game; preparation of 
cards or posters or cartoons for the 
activities). (steps 4–5 of the STEAM 

activity) 

Metacognitive Knowledge     

Evaluate the strengths and weak-
nesses of the whole activity and of 
the cooperative work (according to 
the cooperative learning scheme) 
during the steps 4–8. (steps 4–9 of 

the STEAM activity)  

Present a final report of the activity 
from the design to the carrying out 
and feedbacks’ analysis. Identify 

the aspects of the project useful for 
an effective understanding of the 

topics presented during the course 
(step 9 of the STEAM activity) 
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During the second part of the course, students are requested to participate more
actively, not only during the lessons, but also during several extra-time activities, to
collaborate with their class-mates and to interact with the teacher and eventual tutors
(such as science museum animators or school teachers). The STEAM project-based learning
methodology usually begin during the second part of the course of ‘Chemical Education’
with the visit to a science museum (step 1 in Figure 2). The visit to the museum is the
occasion to introduce the role and key-features of non-formal contexts in science education.
During the visit to the museum, students are invited to observe the collections or to listen
the museum curators. The aim of the visit is ‘to get inspired’ by the place. The second step
of the methodology consists of a brain-storming and a collective discussion, which can be
held at the museum, after the visit, or at the University (step 2 in Figure 2). The aim of these
activities is: (i) to collect students’ impressions about the visit and the scientific collections
or expositions; (ii) to stimulate students’ thinking and creativity guided by some open
questions, such as ‘what are the main scientific subjects related to this collection (or exposition)?’,
‘what chemistry topics or chemistry concepts could be related to this collection (or exposition) if
any?’, ‘do you think that this scientific collection could be a good opportunity to teach (a scientific
topic) to primary school students (or to high school students)?’, ‘have you seen in the museum (or in
the collection) an object (or an instrument) that you would like to use for the activity?’ and so on.
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As reported in Table 2, some of the learning objectives of the second part of the
course span in the cognitive dimension from ‘understand’ to ‘create’, without a rigid
hierarchy, since most of these levels are strongly correlated. Before the third step of the
STEAM project-based methodology, students are invited to divide in groups of three/four
students and to decide their roles inside the group, according to the cooperative learning
scheme. Typical roles are: materials manager/recorder, reporter/communicator, teamwork
encourager/facilitator, eventual checker and eventual leader.

During the step 3 (see Figure 2), each group chooses a chemistry-related topic con-
nected with a collection or a section of the science museum, a museum exposition or a
historical object of the scientific collection. Based on this choice, each group plans a labo-
ratorial activity (step 4 in Figure 2), following a hierarchic scheme of educational design
(see Table 3). Steps 3 and 4 are very challenging for several reasons: students are supposed
to link their chemistry knowledges with their personal experiences. At the same time,
students are invited to use their creativity following the ‘inspiration’ get from the visit at
the science museum. As evidenced in Table 2, students are also required to search in the
literature and select within the materials provided by the teacher, experiences and activities
as a starting point for their project. The design of the laboratorial activity (step 4 in Figure 2)
is the core of the project and it needs students to be available for extra-time meetings with
the members of the group and/or with the teacher.

As it will be discussed in the case study described in Section 4, the main role of the
course’s teacher is to facilitate the students in their projects, give additional information and
help them during the design of the activities, support them in case of problems or doubts
concerning the selection of ideas and choice of type of teaching strategies. Once the project
is planned and the scheme of each activity (in particular laboratorial ones) is defined, each
group starts preparing the materials following their project scheme (see Table 3): reagents,
instruments, equipment, glassware or plastic analogous, posters, colors and all kind of
materials they need. The preparation of all materials represents the step 5 of the STEAM
project-based learning methodology, which is followed by the simulation of the laboratorial
or other activities during a class lesson (step 6 in Figure 2).

Step 6 is very useful for pre-service chemistry teachers, since they can be more aware
about the practical aspects, eventual limitations and problems, and about the timing of the
activities. A selection of photos with undergraduate students engaged during steps 4, 5 and
6 in different academic years is reported in Figure 3. During COVID-19 pandemic, most
of the activities were performed in remote learning modalities: lessons and cooperative
learning activities were performed thought the Moodle platform in distance mode [99]. In
this case, the STEAM project-based learning activities had the aim to produce educational
videos and interactive web-pages that were included in the Open-Day program of the
Department of Chemistry and Industrial Chemistry during ‘BRIGHT 2020’ [96,97] and
‘BRIGHT 2021’ [100] events. As shown in Figure 3e,f, the preparation of videos showing
interactive laboratorial activities and explaining some chemical reactions related to specific
topics (‘The Chemistry of Colors’ or ‘The Chemical Gardens’) was performed in a research
lab by small groups of students, in compliance with the COVID-19 regulations.
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Table 3. General Scheme used by Pre-service Chemistry Teachers to plan The Activities and Laboratories of Their Project.

Relevant Aspects to Be Defined When Planning an
Educational Activity Description

Target The target should be specified in terms of average age (K6 level or 7–8 years of old) or range of ages (i.e., kids: 3–7 years old),
knowledge level (primary school or high school).

Scientific topic/topics Scientific topics of the planned activity (i.e., minerals and rocks; D.N.A. and cells; plastics or glass; the states of matter, . . . )

Main chemical concepts Main chemical concepts which are explored during the planned activity (i.e., the concepts of ‘chemical reaction’, ‘chemical
bond’, ‘pure substance’, ‘organic chemistry’, . . . ).

Pre-requisites
List of knowledges that the participants should have before doing the laboratory or other activities. Knowledges, skills and
abilities that are necessary (i.e., students should have basic knowledge of the states of matter: solid, liquid and gas; students

should have some experiences of the cooperative learning; . . . ).

Main objectives

List of the main objectives of the activities: knowledges, skills and abilities that should be achieved at the end of the activities
(i.e., students should be able to explain what is a chemical reaction and give some examples; students should understand that
all kinds of matters are constituted by chemical substances; students should learn how to prepare a solution/how to measure
the concentration of a solute in a solution; students should understand the phenomenon of ocean acidification and explain the

relationship with CO2 concentration in the atmosphere; . . . ).

Timing The time of the experiments, or the activity should be given (i.e., after 10 min of introduction, the activity time is about 100 min,
the discussion and conclusion is about 15 min, . . . ).

Materials
All materials needed to the teachers/animators to perform the activities: reagents, instruments, documents, posters, pens,

glassware, . . . (i.e., 5–6 flasks of 100 mL, 15 pipettes, 1 L of distilled water, 15 white papers A4 format, ~2 g of CuSO4·5H2O, ~3
g of NaHCO3, . . . ).

Procedures (needed in the case of laboratorial activities)
The main steps of the laboratorial or interactive activity should be listed; if students are required to follow a schematic

procedure or sequence of steps, a detailed document should be prepared, all steps of the procedure should be self-explanatory,
additional notes useful for the animators/teachers should be added.

Safety issues (needed in the case of laboratorial activities)

All safety instructions should be provided, in particular if reagents or instruments are used during the activity. Risks and
dangers should be limited and the choice of the materials should respond to a minor risk/danger exposure for the participants.
Clear notes and information about the safety should be given (i.e., Do not touch the heating plate during the experiments; wear

the plastic glasses when you are handing the chemical reagents; . . . ).

Methodologies/teaching strategies
The methodologies adopted should be described for each step of the activity (i.e., 1. Introduction of the activity brain storming
and introductory game; 2. Lab 1 guided inquiry-based laboratory & teamwork; Lab 2 open inquiry-based laboratory; Activity 3

game and concept maps; . . . ).

Eventual assessment Eventual assessment strategies should be described (i.e., pre- and post-surveys; semi-structured assessment sheets; laboratory
report; quiz; and so on).
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Figure 3. Photos regarding the steps (4), (5) and (6) of the STEAM project-based learning methodology
(see Figure 2). Top to bottom: design of the educational activities with the cooperative learning ap-
proach (a); preparation of the materials and simulation of the laboratorial activities (b–d); preparation
of the materials for the production of videos and remote interactive laboratories during COVID-19
pandemic (e,f).

After the simulation of the activities, students have usually the opportunity to perform
their projects and to be actively involved in educational laboratories for kids, primary,
intermediate or high school students (step 7 in Figure 2). From 2014 to 2019, most of the
groups of students who participated in the project had several possibilities: some of them
performed their projects at school, from primary to high schools (see Table 4), most of
them were involved in the educational activities and laboratories carried out at the Science
Museum “MuSNa” in Rosignano Marittimo (LI, Italy) [93] (i.e., a case study is reported
in Section 4) [101] or at the University during the Open Days organized in occasion of the
‘European Night of the Researchers’ (‘BRIGHT’ project) [27,31] and in one case (2016–2017)
a project was presented during the National Science Festival in Genova (Italy) [15,30]
(see Table 4). In almost all cases, the carrying out of the activities was preceded by the
preparation of pre- and post- questionnaires for the participants to the laboratory, as it
will be shown in the case study reported in Section 4. Among the learning objectives
of the STEAM project-based learning activity (see Table 2), the analysis of the pre- and
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post-surveys and the evaluation of the critical aspects concerning the experimental and
practical activities from the step of simulation (step 6) to the step of carrying out (step 7) of
the activities belong to higher order thinking skills (‘analysis’ and ‘evaluation’ cognitive
dimension objectives).

Table 4. Number of projects designed by pre-service chemistry teachers during the various academic
years and performed in different contexts, from Schools to Science Museums, Open Days and Science
Festivals.

Academic
Year

Students’
Projects in

Primary
Schools

Students’
Projects in

Intermediate
Schools

Students’
Projects in

High
Schools

Students’
Projects in a

Science
Museum

Students’
Projects at
Open Days
or Science
Festivals

2013–2014 3 1 1 1 1 1 2 1 /
2014–2015 1 / / 3 1 2

2015–2016 2 1 / 4 2 2

2016–2017 1 1 1 3 2 2 + 1 3

2017–2018 2 1 / 3 2 2

2018–2019 1 1 1 3 + 1 4 2 2

2019–2020 / / 1 5 1 5 1 6

2020–2021 / 1 7 / 1 8 1 6

1 All projects in 2013–2014 had a common theme: ‘D.N.A. and life’ [6]. They were performed either at the Science
Museum (‘MuSNa’) or at school. 2 Projects carried out during the ‘European Night of the Researchers’ (‘BRIGHT’
project) [6,27,31]. 3 Project done during the Science Festival in Genova [15,30]. 4 Project done at the Museum
during a special occasion dedicated to the Periodic Table of Elements [101]. 5 A special project involving the
Museum ‘Galilei’ in Florence [94,95] (final steps 7–9 were not done due to COVID-19). 6 Projects done in virtual
mode during the ‘European Night of the Researchers’ (‘BRIGHT’ project) [96,97,100]. 7 Laboratorial STEM project
performed in virtual mode with intermediate school’ students (11–13 years old). 8 Project performed last 11 of
December 2021 (in presence) at the Science Museum (‘MuSNa’) [93].

Step 8 of the project (see Figure 2) is centered on the analysis of feedbacks, critical
discussion of the students’ experiences, discussion of the strengths and weaknesses of
the whole educational activity. Very significant from the educational point of view is the
sharing of impressions about the cooperative work inside each group. Pre-service teachers
are indeed invited to comment the advantages and disadvantages of the cooperative work,
and judge their own participation, involvement and activity, thus developing metacognitive
skills (Table 2). During steps 8 and 9, undergraduate students are requested to explain what
are the main elements of innovation of the project from the educational point of view, to
indicate the limitations and critical aspects emerged during the whole activities, and, finally,
to discuss the differences between the simulation and the carrying out of the activities with
‘real students’ or kids.

The final step of the STEAM project-based learning methodology (step 9) consists in
the presentation of a final report, which is discussed during the course final exam. Pre-
service teachers can prepare a video, or project photos or play a game or tell a story. They
can use all types of support and digital tools. The only limitation is the time: each group
has 30–40 min for the presentation. During the final exam, all aspects of the project are
examined and different objectives of various knowledge and cognitive dimensions are
taken into account for the final exam vote.

As reported in Table 2, several aspects of the STEAM project-based learning activity
are related to the use of creativity: from the design of specific interactive activities to the
inclusion of games or other experiences involving communication and emotional skills, to
the preparation of the materials (posters, cartoons, and so on) and the final presentation of
the project.
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3.4. Assessment and Evaluation of the Activities

The evaluation of the STEAM project-based learning activities performed during the
course of ‘Chemical Education’ from 2014 (2013–2014 academic year) up to know (2020–2021
academic year) was based on the analysis of some of the questions included in the final
surveys introduced by the University of Pisa to evaluate the quality of the University’s
courses. These questions focus on the learners’ perception about the topics of the course, the
materials provided by the lecturers, the methodology used during the course, the eventual
projects proposed during the course (as in the present case). Moreover, student’s motivation
and interest towards the topics of the course and their judgement of the respect for gender
differences during the course are evaluated, too. The case study object of Section 4 reports
additional aspects useful for the evaluation of the STEAM project. In fact, ad hoc final
questionnaires were provided to pre-service chemistry teachers who participated in the
carrying out of the project at the Science Museum ‘MuSNa’. Questions of particular interest
for the present research are those related to the students’ final satisfaction and judgment of
the usefulness of the STEAM project-based activities for chemistry teaching. In the case
study reported in the following Section, the activities carried out at the Museum were also
evaluated taking into account the feedbacks of the participants to the laboratories, which
were collected by using initial and final surveys prepared by the pre-service chemistry
teachers during their project. Kids’ and students’ feedbacks were useful to evaluate their
engagement in the laboratorial activities and some specific learning outcomes.

4. A Case Study of the STEAM Project-Based Learning Method with Pre-Service
Chemistry Teachers
4.1. From the Visit to the Museum to the Design of the Activities

Most of the students who attended the course in the academic year 2018–2019 (21
of 25 students, as reported in Table 1) participated in the visit at the Science Museum
‘MuSNa’ [93] in Rosignano Marittimo planned on the 4 October 2018. The visit (step 1)
was divided in two parts: the first part (about 30 min) was held in the Auditorium used
for pre-service teachers’ scientific animators’ training courses. Here, the students were
introduced to non-formal, formal and informal learning and life-long learning. The second
part of the visit at the Museum started with an inspiring question: “Where is Chemistry
in the Natural Science Museum?” Students were divided in four groups according to the
informal cooperative learning method [102], introduced to pre-service chemistry teachers in
a previous lesson of the course. Additional information was given to each group, explaining
the roles of group members according to the cooperative learning strategy, the ‘incipit’ of
the activity, showing what each group was expected to do during and after the visit, and
some ‘notes’ useful to start planning the activity (see Figure 4).

During the second part of the activity (about 1 h and half), a visit was performed with
the guide of volunteers of the museum to the scientific collections and museum areas: the
museum library, the laboratories, the scientific collections ‘Minerals and rocks’, ‘Mycology’,
‘Marine biology’, ‘The evolution of life’ and ‘Zoology’ (see Figure 5).
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At the end of the visit, a collective discussion (step 2) was performed following these
‘guided questions’:

- How do you like the laboratorial and educational areas, such as the laboratories,
present in the museum?

- What do you think about the educational activities organized at the Science Museum?
- Did you expect such variety and richness of activities performed at the Museum with

the schools?
- This museum does not contain a specific section dedicated to chemistry, however, do

you think is there anything to be related to chemistry?
- Is there an object, museum find, historical instrument, . . . that impressed you more

than others, that you would link to some chemical concepts?

The collective discussion was the input for step 3 (Figure 2): the selection of the main
topics of the activities planned by each group.
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After the visit to the museum, the four groups of students continued working on the
design of their project. Following the ‘incipit’ and ‘notes’ reported in Figure 4b,c, the four
groups decided to develop their educational activities linking them to four different scientific
collections: ‘Marine Biology’ (group 1), ‘Minerals and rocks’ (group 2), ‘Mycology’ (group 3)
and ‘The Evolution and life’ (group 4). As reported in Section 3.3, students had some extra-time
to search for ideas, documents and other materials to start designing their projects (step 4). In
order to facilitate the cooperative work, after the visit of the museum, a lesson was dedicated to
the presentation of each group of their preliminary ideas. The collective discussion centered on
the scheme of the activities was an important part of step 4, since students could develop high
order thinking, communicative and cooperative skills. Each group answered to the ‘guided
questions’ reported in Figure 4c, and started planning their project by using the scheme reported
in Table 3 for each laboratorial or interactive activity. Then, pre-service chemistry teachers
started preparing the materials for their activities (step 5) and, in some cases, a simulation was
performed. Students showed a high level of engagement, interest and also satisfaction in the
STEAM project-learning activity, as it will be further discussed in the last section.

4.2. From the Simulation to the Implementation of the Laboratorial Activities in the Science Museum

Extra-time was devoted to the simulation (step 6) of some of the activities and, in particular,
of the laboratorial activities. At the end of this step, the projects designed by four groups
of undergraduate students were chosen and adapted for the non-formal learning context.
Three of them were performed (step 7) in the Science Museum ‘MuSNa’ in May 2019 (see the
advertisement of the laboratorial activities in Figure 6). The fourth project was presented during
the ‘Celebration of the Periodic Table’ at the Science Museum ‘MuSNa’ the 1 June 2019 [101].
Even though almost all undergraduate students participated in the first steps (from 1 to 6) of
the STEAM project, not all of them were available to participate at the laboratories. At the
end of the course, 12 students participated in the activities at the Science Museum ‘MuSNa’,
5 students participated in laboratorial activities at school (primary and secondary schools), 4
students participated in the ‘European Night of the Researchers’ (‘BRIGHT’ project 2019 edition),
and 2 students did not participate (note that in the 2018–2019 academic year, 23 of 25 students
overcame the final course exam, as reported in Table 1).
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In the following, the three projects performed in the context of the Science Museum
‘MuSNa’ are described (see Table 5).
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Table 5. Main features of the three projects performed during the STEAM project-based learning activity and carried out at the Science Museum ‘MuSNa’ in May
2019.

First Educational Project: “Chemistry and the Sea”
Relevant Aspects Description

Target: Children/families/adults
Note: activities are relatively flexible and the language can be modelled based on the target

Scientific topic/topics: Materials; waste; plastics and microplastics; effect of the increase of CO2 on the life in the sea; shells and corals; climate changes.

Main chemical concepts: Acid-base reactions; carbonates and bicarbonates; solutions; chemical reactions; the phenomenon of the acidification of the sea.

Timing: 2 h (included time for welcome, initial and final surveys)

Structure of the laboratory: 1

First activity:
“What material last more in the sea?” (see Figure 7a)

Time: about 30/40 min

Type of activity: game/interactive

Main objectives: to know and recognize different materials among waste, to understand the
relation between type of material and average time of degradation; to sensibilize to the

problem of microplastics.

Second activity:
“Put a shell in the glass and see what happens”

Time: about 15/20 min

Type of activity: experiment; observation of a phenomenon.

Main objectives: to observe the reaction between carbonates (shell) and the acetic acid, to
understand the main features of an acid-base reaction, to understand the correlation between
excess of CO2 in the atmosphere and the acidification of the sea (higher order thinking skills)

Third Activity:
“Color your shells”

Time: about 20 min

Type of activity: simple experiment; painting and artistic creation.

Main objectives: learn a different method to get shells colored; use the creativity to realize a
‘souvenir of the day’

(see Figure 8a–c)
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Table 5. Cont.

Second Educational Project: “Mushroom in the Kitchen, and Not only There . . . ”
Relevant Aspects Description

Target: High school students (minimum 13 years old)

Scientific topic/topics: The kingdom of mushrooms; the cell structure; yeasts; the Saccharomyces cerevisiae type of yeast.

Main chemical concepts: Alcoholic fermentation; chemical reactions; some reactions occurring in living organisms; representation of chemical reactions; molecular representations of
organic compounds involved in the fermentations and metabolism.

Timing: 2 h

Structure of the laboratory: 1

First activity:
“What are the mushrooms?”

Time: about 20 min

Type of activity: lesson with projection of slides to introduce the topic.

Main objectives: understand that mushrooms are present in many environments; basic
knowledge of cell structure.

Second activity:
“Let’s observe the yeasts at the microscope”

Time: about 30 min

Type of activity: laboratorial activity.

Main objectives: to observe yeasts at the microscope; prepare a microscope slide and sample;
measure the dimension of cells.

Third activity:
“Can we do an experiment with yeasts?”

(see Figure 7b)

Time: about 20/30 min

Type of activity: experiment; implementation and observation of the alcoholic fermentation.

Main objectives: to observe the reaction fermentation developed thanks to the yeasts action;
realize the experiment; to understand the main steps of the biodiesel (bio-alcohols) at

industrial level (higher order thinking skills)



Educ. Sci. 2022, 12, 30 20 of 32

Table 5. Cont.

Third Educational Project: “Chemistry and Colors”
Relevant Aspects Description

Target: Children/families/adults
Note: activities are relatively flexible and the language can be modelled based on the target

Scientific topic/topics: Colors in Nature; Principle of color perception; elements of theory of colors; artistic and historic uses of pigments; rocks and minerals; plants and flowers.

Main chemical concepts: Natural versus artificial chemical substances; extraction of pigments as an example of separation technique; basics of acid-base properties and reactions;
concept of chemical reaction; precipitation reactions.

Timing: 3 h

Structure of the laboratory: 1

First activity:
“What are the colors used by prehistoric men?”

(see Figure 7c)

Time: about 30 min

Type of activity: inquiry-based laboratory.

Main objectives: to observe a selection of minerals and rocks and try to produce powders to
paint as prehistoric men did; Relate the type of minerals to the colors of prehistoric paintings.

Second activity:
“Why can colors of some flowers can change from pink to violet?”

Time: about 45/60 min

Type of activity: laboratorial experiment; cooperative work.

Main objectives: to extract anthocyanins from flowers (such as Mallow or hydrangea
flowers); extract yellow/orange pigments from turmeric roots or others; learn what are

vegetable pigments; understand that anthocyanins are a kind of vegetable pigments which
can change their color based on acidity; to use the extract obtained from Mallow flowers to
check acid-base properties of several solutions and samples (higher order thinking skills);

use vegetable pigments to color wool and cotton fibers (see Figure 8d)

Third activity:
“How do chemists prepare synthetic pigments?”

(see Figure 7c)

Time: about 30/40 min

Type of activity: experiment; precipitation reaction.

Main objectives: know some of the most used synthetic pigments in paintings; prepare and
make the Prussian blue pigment; understand the features of a precipitation reaction and
make some other examples; recognize among a series of pigments what are natural and

what are artificial ones (higher order thinking skills).
1 Complete activity sheets were prepared by the pre-service chemistry teachers according to the scheme provided in Table 3, indicating also additional aspects, such as the safety,
procedure, materials, eventual assessment (not reported here).
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Figure 7. Photos of the three laboratories organized at the Natural Science Museum ‘MuSNa’ in
Rosignano Marittimo (LI, Italy): (a) Activity “What material lasts more in the sea?” (‘Chemistry and
the Sea’); (b) snapshots from the laboratorial activity ‘Fermentations and yeasts’ (‘Mushrooms in the
kitchen, but not only there . . . ’); (c) Two laboratorial activities about pigments from minerals and
rocks and synthetic pigments (‘Chemistry and Colors’).
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Figure 8. Snapshots at the Science Museum during creative activities: (a) Painting of the shells after
treatment in weak acid solutions by using common watercolors; (b) colored shells; (c) souvenirs
created by the participants of the first laboratory ‘Chemistry and the sea’. (d) Painting of woolen
yarns by using extracts of turmeric roots, during the third laboratory ‘Chemistry and colors’.

As summarized in Table 5, the three projects were well structured. They were divided
in three main activities, with a prevalence of ‘inquiry-based learning’ laboratories and
interactive games. Among these three projects, the first and the third ones contained some
creative activities, such as the painting of shells by using a particular technique based on the
treatment of pristine carbonated shells in weak acid solutions in presence of watercolors (see
Figure 8a–c) and the painting of wool and cotton fibers by using pigments extracted from
vegetables, roots and flowers (see Figure 8d). Following the initial motivation question
(‘Where is chemistry in the natural science museum?’), pre-service chemistry teachers
have used their knowledges and ideas get from the visit to the museum, to design the
multidisciplinary STEAM laboratorial activities. As seen in Figure 7, the projects were host
in different areas of the Science Museum ’MuSNa’: the ‘Marine biology’, the ‘Mycology’,
the laboratories and the ‘Minerals and rocks’ rooms.

4.3. Feedback

The three projects were performed during a series of open laboratories held at the
Science Museum ‘MuSNa’ from the 5 to the 19 of May 2019. The participation was open
and advertised through the local schools. The first and third activities had a very high
participation with presence of families, adults and kids, with respect to the second one,
where a small group of high school students participated, very actively, to the laboratories.
The reason of such differences in terms of participation is probably related to the age
limitation indicated on the advertisement (‘minimum 13 years old’) and on the specificity
of the topic. Some data concerning the visitors of the three activities are reported in Table 6.

Initial and final surveys were prepared by the pre-service chemistry teachers for the
participants of the three laboratories, in order to collect their feedbacks, but also to have in-
formation about several aspects, such as: participants’ education level, previous knowledge
of the topics, interest and perception towards science and chemistry, level of understanding
of several concepts treated during the activity and overall activity satisfaction. In this
occasion, these surveys were given only to the kids or to the students who participated in
the activity, and to the adults.
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Table 6. Number of participants (adults and kids or students) participating to the three laboratories.
Average age of the kids/students is also reported. Initial and final surveys were provided to kids or
students who actively participated in the laboratorial and interactive activities.

Main Outcomes
First Laboratory

“Chemistry and the
Sea”

Second Laboratory
“Mushroom in the
Kitchen, and Not
Only There . . . ”

Third Laboratory
“Chemistry and

Colors”

Total number of
participants 29 6 32

Number of
kids/students 19 4 23

Number of adults 10 2 9

Average age among
kids/students (years) 8.95 18.25 7.64

Number of filled
initial/final

questionnaires:
16 4 20

The initial survey of the laboratory ‘Chemistry and the sea’ contained some questions
to check the previous knowledges of the participants on the central topic of the first activity:
‘plastics and microplastics’. Among the 16 kids who participated in the laboratory and
filled the questionnaires (see Table 6), 10 of them wrote that they didn’t know the word
‘microplastic’ before coming to the Museum; 7 of them associated the word ‘microplastics’
to pollution; few of them gave an explanation about the origin of ‘microplastics’ such as:
‘microplastics are in the cosmetics’ (Eva, 10 years old) and ‘microplastics derive from plastic
bottles’ (Lorenzo, 11 years old). Some of them associated the presence of microplastics to
the damage of environment and sea life: ‘Animals can die after eating microplastics’ (Andrea,
8 years old, and Filippo, 9 years old). After the laboratorial activities, all kids knew what
are microplastics and their main origins. Moreover, in the final questionnaires, 9 of 16 kids
wrote some open comments and suggested solutions to the problems due to ‘microplastics’:
‘we should produce alternative materials and not use plastics’ (Marco, 11 years old), ‘not use
toothpaste with microplastics’ (Filippo, 9 years old), ‘we should differentiate the waste’ (Giulia,
12 years old, and Noemi, 8 years old) and ‘we should substitute plastics with other materials’
(Matilde, 11 years old).

The final surveys contained several questions to evaluate the level of understanding
of the chemical reaction of the second activity “Put a shell in the glass and see what happens”
(namely the reaction between acetic acid and calcium carbonate immersed in water) and
the understanding of the role of CO2 in the acidification of the sea. Among the results
obtained, 12 of 16 kids answered correctly to the open question: ‘What is the gas substance
responsible of the acidification of the sea?’ Kids wrote: ‘carbonic oxide’ or ‘CO2’ or ‘carbonic
anhydride’ from the Italian anidride carbonica. About all kids (14 of 16) understood that
shells used in the experiments are made of calcium carbonates and that the presence of
acid, even weak acid, is the reason of the phenomenon of ‘shells degradation and death’:
‘when we add acid solution to the shells, gas is produced and they break’ (Andrea, 8 years old),
‘shells start breaking and then they dissolve’ (Noemi, 8 years old) and ‘shells decompose in acid
solutions’ (Eva, 10 years old).

At the end of the activities, all kids gave positive feedbacks concerning their satis-
faction, fun and interest about the activities. The most appreciated activity was the third
one, where they could create some objects by using a painting technique learnt during the
laboratory.

As previously written, the second laboratory had only six participants, two adults and
four high school students who were very interested in doing experiments. In particular,
they spent about one hour at the microscope in the laboratory of the museum where the
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identification of mushrooms is usually performed by using several techniques to color
different parts of the mushrooms. The activity in this case was different from what planned
in advance due to the small number of participants: the activities were very informal
and students asked to do some different things. The pre-service chemistry teachers, who
designed and prepared the activities, had the possibility to interact with high school
students in a non-formal environment and to adopt a flexible and very interactive teaching
method. In this laboratory, the questionnaires were not analyzed due to the low number of
participants.

The third laboratory “Chemistry and Colors” had a very high participation and the
average age of kids attending the laboratorial activities was between 7 and 8 years old (see
Table 6). Most of the participants, except few very small kids (less than 5 years old) were
at the primary school level of education with basic knowledge about natural and science
phenomena. For this reason, the pre-service chemistry teachers adopted a simplified
language and modified their activities in order to meet the participants’ level. In this
activity, 19 of 23 questionnaires were filled, giving some useful and interesting feedbacks to
the undergraduate students who were the ‘museum animators for a day’.

Initial questionnaires indicated that the participants were very much attracted by
colors in Nature, but they didn’t know the technical word ‘pigment’. Moreover, most of
them (18 of 19) declared to be very excited to produce a ‘color’ by themselves by doing an
experiment. A part of the final survey aimed to check the achieved knowledge concerning
the natural and synthetic pigments: 10 of 19 were able to write the name of a natural
pigment and a synthetic one, 5 of 19 wrote the name of a natural pigment (i.e., chlorophyll).
Concerning the main chemical concepts involved in the educational sequence, participants
demonstrated to have understood the meaning of ‘extraction’, ‘solution’ and ‘chemical
reaction’. In fact, some of the participants were able to use these words correctly when
answering to the open questions: ‘we have extracted a color, named anthocyanin, from red
cabbage’ (Sofia, 9 years old), ‘I liked to mix two solutions, yellow and orange, to form the Prussian
blue’ (Benjamin, 7 years old), ‘I liked very much to learn how to extract pigments’ (Alessio, 10
years old).

At the end of the activity, participants wrote that the most fascinating and exciting
aspects of the laboratorial activities were the production of Prussian blue (12 of 19) and the
extraction of natural pigments and coloring of wool and cotton fibers and tissues (7 of 19).

The qualitative analysis of the above questionnaires and the further discussion with
undergraduate students after the implementation of the activities at the museum (step 8)
was very important for them, since they could be more aware about several aspects of
the course, such as the efficacy of non-formal learning environments, their role in the
engagement of kids toward science and chemistry.

At the end of these activities at the science museum, a final semi-structured survey
containing 4 items based on four points Likert scale (1=strongly disagree, 2=disagree,
3=agree, 4=strongly agree), 2 open questions and 2 multiple choice questions (see Table 7)
was given to the twelve undergraduate students, who participated as educators in the final
activities at the science museum.

Concerning the first part of the survey (see Figure 9), most of preservice chemistry
teachers were satisfied (or very satisfied) about the STEAM project-based learning activity
(92%), and they considered the possibility to implement their project in the museum context
useful (or very useful) for their training (75%). They judged positively (or very positive) the
STEAM project-based learning activity for their understanding of several teaching methods
(83%), as well as to understand how to design an educational activity (92%).
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Table 7. Final survey provided to pre-service chemistry teachers after the implementation of the
laboratorial activities at the science museum.

Questions: Select the Appropriate Answer According to the Likert Scale
(1 = Strongly Disagree, 2 = Disagree, 3 = Agree, 4 = Strongly Agree)

Are you satisfied of the STEAM
project-based learning activity? 1 2 3 4

Was the implementation of the
activities at the Science Museum

useful for you?
1 2 3 4

Was the project useful to
understand how to design a

learning activity?
1 2 3 4

Was the project useful to
understand some teaching

methods?
1 2 3 4

Open questions: Answer:

What are the positive and
negative aspects of the

cooperative learning according to
your experience with your group

during the project?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

What are the positive and
negative aspects of the STEAM
project-based learning activities

performed at the science
museums?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

Multiple choice questions Select one or more items

According to your experience,
what are the teaching methods

that you learned more during the
project?

Project
based

learning

Cooperative
learning

Problem
solving
learning

Inquiry
based

learning

Concept
maps and
structured
knowledge

methods

Game-based
methods

Laboratorial
methods

Other
. . . . . . ..

. . . . . . . . .

According to your experience,
what are the most useful aspects
of the project for you training as

future chemistry teachers?

The possibility to design a
science laboratory

The possibility to participate
as animators to the activities

with kids/students

The possibility to experiment
the teaching methods and to

practice

The
possibility
to do the

activity in a
non-formal

environ-
ment

Other
. . . . . . . . . .
. . . . . . . . . ..
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From the open questions (see Table 7), undergraduate students put in evidence that 
they had no problems working in team by using the cooperative learning method and that 
the cooperative approach was useful during all steps of the STEAM project. Few students 
wrote that the cooperative method did not work well, since not all students participated 
in the various steps of the project. Among students who were satisfied or very satisfied 
about the carrying out of the activities at the science museum, most of them wrote that 
engagement of kids and students was facilitated by the non-formal context. From the an-
swers to the open questions, the impact of the topics, such as climate changes, microplas-
tics and environmental problems, on increasing participants’ interest in science and in 
chemistry was evident. In this respect, the fact that the first and the third laboratories had 
very high participation was, according to the students, was related to the presence of in-
teresting and very actual topics. Some students wrote that they were very much impressed 
about the potentiality of a science museum to teach chemistry-centered topics. Moreover, 
undergraduate students who answered to the multiple choice section of the survey appre-
ciated the STEAM project-based learning activity, since it gave them the possibility to de-
sign (8 of 12) and perform (7 of 12) activities with students and kids, reaching a higher 
understanding and knowledge of several active teaching methods [103], such as the la-
boratorial methods (10 of 12), the inquiry-based learning (7 of 12), the project-based learn-
ing (6 of 12), game and other interactive approaches (6 of 12). 
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integrated with those obtained from the analysis of the final surveys of the course of 
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Figure 9. Evaluation of the STEAM project-based learning activities designed and performed at the
Science Museum ‘MuSNa’ by the 12 students who participated in the academic year 2018–2019. A
four points Likert scale was used to answer to the first questions of the survey, reported in Table 7.
Note that the frequency of answers is reported on the vertical scale.
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From the open questions (see Table 7), undergraduate students put in evidence that
they had no problems working in team by using the cooperative learning method and
that the cooperative approach was useful during all steps of the STEAM project. Few
students wrote that the cooperative method did not work well, since not all students
participated in the various steps of the project. Among students who were satisfied or
very satisfied about the carrying out of the activities at the science museum, most of them
wrote that engagement of kids and students was facilitated by the non-formal context.
From the answers to the open questions, the impact of the topics, such as climate changes,
microplastics and environmental problems, on increasing participants’ interest in science
and in chemistry was evident. In this respect, the fact that the first and the third laboratories
had very high participation was, according to the students, was related to the presence
of interesting and very actual topics. Some students wrote that they were very much
impressed about the potentiality of a science museum to teach chemistry-centered topics.
Moreover, undergraduate students who answered to the multiple choice section of the
survey appreciated the STEAM project-based learning activity, since it gave them the
possibility to design (8 of 12) and perform (7 of 12) activities with students and kids,
reaching a higher understanding and knowledge of several active teaching methods [103],
such as the laboratorial methods (10 of 12), the inquiry-based learning (7 of 12), the project-
based learning (6 of 12), game and other interactive approaches (6 of 12).

5. Discussion

The feedbacks obtained from undergraduate students who participated in the activities
at the Science Museum ‘MuSNa’ in 2019, reported in the previous section, can be integrated
with those obtained from the analysis of the final surveys of the course of ‘Chemical Education’
in the last four years, namely from the inclusion of the present course among those ones
of the ‘PF24’ training course for school teachers in Italy [38,91,92]. For the purposes of the
present discussion, it is interesting to focus on six questions present in the final anonymous
and voluntary questionnaire (see Section 3.2 and Table 1 for details):

1. Motivation. The question is: “Does the teacher motivate/stimulate the interest of the
students toward the discipline, during the course?” Students should express their
score taking into account the methodology used by the teacher, his/her behavior and
the choice of the topics, and so on.

2. Clarity. The question is: “Does the teacher explain the topics of the course in a clear
and understandable way?” Students should evaluate the clarity of explanation and
teaching.

3. Project Evaluation. The question is: “How much do you think that the ‘integrated
activities’ (projects, out-of-school activities, laboratories, additional training, . . . )
proposed by the teacher during the course are useful for your learning?” In the case of
the course of ‘Chemical education’, students should evaluate the STEAM project-based
learning activities proposed during the course.

4. Interest. The question is: “How do you judge your interest to the topics of the course?”
In particular, students should evaluate their interest in learning the active methods
and strategies to teach chemistry at different school levels and in different learning
context.

5. Gender Equality. The question is: “How do the teacher respect the gender differences
and differences in general?” Student should express how the teacher is guarantee of
the equal opportunities during the course.

6. Course Evaluation. The question is: “What is your overall judgment of the course?”
Students should give a final score to the course.

To answer the above questions, students can choose among the following four-points
Likert scale: S = 1. Totally negative; S = 2. More negative than positive; S = 3. More
positive than negative; S = 4. Totally positive. In Figure 10, the average scores obtained
from the analysis of the surveys in the last four years with respect to the above six questions
are reported. The choice to select the last four academic years is related to the fact that
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since 2017/2018, the course ‘Chemical Education’ is inserted in the program for pre-service
chemistry teachers’ training (PF24). These last four academic years are more uniform in
terms of syllabus of the course, number of students attending the course and number
of students answering to the final surveys, as reported in Table 1 and commented in
Section 3.2.
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text (Section 3.2). In the case of the academic year 2018/2019, the asterisk (*) refer to the group of
students attending the course at the last year of ‘Laurea Magistrale’ (degree in Chemistry).

As a general remark, in all cases the average score was higher or equal to 3, thus
indicating a positive (or very positive) judgment of the students concerning the various
aspects of the course. Except for the second exam session of the academic year 2017/2018,
where the data were not available, in all cases the judgment of the students concerning the
integrated and additional activities, namely the STEAM project-based learning activities,
was the maximum, S = 4, showing that all students who answered to the survey have
express the maximum score. Similarly, the students evaluated very positively the respect
toward differences and the level of guarantee of the gender equality demonstrated by the
teacher. As a general trend, in almost all cases, the scores obtained at the second exam
session of each academic year are slightly lower than at the first exam session. A reason
could be related to the fact that students in the first exam session have a high percentage
of attendance of lessons (between 90 to 100% declared by the students), while students
answering to the survey in the second exam session declared or not to have attended
the lessons (less than 50% of percentage) or to have attended in previous academic years
without continuity. As reported previously, the academic year 2020/2021 was completely
delivered in distance learning modality, however, the students’ outcomes from the survey
do not show significant differences with respect to previous academic years. The very
positive scores concerning the motivation and interest of the students towards the main
topics of the course is confirmed by the surveys given to the students who participated as
educators in the laboratorial activities at the science museums.

Focusing on the undergraduate students who attended the course of ‘Chemical Edu-
cation’ the academic year 2018/2019, whose projects carried out at the Science Museum
‘MuSNa’ were the object of the case study reported in Section 4, additional feedbacks are
related specifically to the non-formal context. This additional survey put in evidence the
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satisfaction of most of the students concerning the possibility to implement their projects in
the science museum and their positive perception of the role of non-formal contexts for their
training as future chemistry teachers (see Figure 9). Most of them judged positively (or very
positive) the STEAM project-based learning activity for their understanding of teaching
methods (83%), such as cooperative learning and inquiry-based learning, as well as to
understand how to design an educational activity (92%) by using the proposed hierarchic
scheme, reported in Table 3 and discussed in this work. Among the most relevant feed-
backs, undergraduate students actively involved in the project’s design were very much
impressed about the potentialities of laboratorial activities where chemistry is presented in
connection with other sciences and with humanistic disciplines. Students who participated
in the activities discussed in Section 4, for instance, appreciated very much the stimuli
given by the visit to the science museum and by the museum animators during the visit
to the museum collections. The possibility to develop a chemistry-centered activity in
relationship with a theme or a topic stimulated by the ‘Marine Biology’ or the ‘Mineral and
rocks’ collections was challenging at the beginning, but, at the end, it helped pre-service
chemistry teachers to develop higher order thinking skills [69]. Moreover, they had chance
to use their creativity not only during the project design, according to the STEAM teaching
philosophy, but they were also able to include creative aspects in their interactive activities
and laboratories [104], as shown in Section 4.2. This aspect resulted in an increased engage-
ment and satisfaction of both undergraduate students and participants to the laboratories
carried out in the non-formal contexts, from the science museum to the open days (see
Table 5). Finally, it’s worth noticing that those students (the majority) who decided to give
the final exam of the course of ‘Chemical Education’ obtained high votes. As reported
in Table 1, the average vote of the exam ranges between 27.75 to 30 in the eight years of
experimentation, thus indicating that pre-service chemistry teachers reached a very good
understanding of the main topics of the course. Students demonstrated to have developed
high order thinking skills, such as the ability to critically discuss the teaching methods
applied to chemistry, a good level of self-evaluation, for instance during the cooperative
work, and good communication skills, as shown during the carrying out of the project at
the science museum and during the final step of the STEAM project-based activity, with
the presentation of their projects.

6. Conclusions

In the present paper, a teaching strategy adopted in the frame of a course of ‘Chemical
Education’ at the University of Pisa (Italy) aimed to train future chemistry teachers was
presented. Within this approach, called ‘STEAM project-based learning’ method, under-
graduate students attending the course during the last eight years have experimented active
teaching methods in chemistry by following the so-called STEAM teaching philosophy,
by developing their projects in non-formal contexts. As reported in the paper, pre-service
chemistry teachers were actively involved in the development and implementation of edu-
cational projects with kids, school students and adults. During the last eight years, in fact,
more than fifty laboratorial activities and laboratories were conceived and carried out; most
of them (about thirty ones) were done in out-of-school contexts, such as science museums,
science festivals and during open days, as those ones organized by the University of Pisa
during the ‘European Night of the Researchers’ (‘BRIGHT’ project). A case study involving
undergraduate students, who attended the course of ‘Chemical Education’ during the
academic year 2018–2019 and held the opportunity to perform their planned laboratories
and interactive activities at the Science Museum ‘MuSNa’ in Rosignano Maritttimo (Italy)
was reported and discussed. The nine steps of the ‘STEAM project-based learning’ method
were described in details, focusing on the scheme used for the project design, the relevant
educational methods adopted during the project, such as the cooperative learning work
and inquiry-based learning laboratorial activities, and all aspects of the preparation of the
activities and the analysis of the participants’ feedbacks performed by the undergraduate
students. The evaluation of the teaching methodology described in this work, performed
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by analyzing several types of feedbacks, from the final course surveys, to the main as-
sessment’s results and the specific questionnaires related to the ‘STEAM project-based
learning’ activities, revealed that most of the objectives were successfully reached. Among
them, pre-service students developed teamwork and communication skills, were highly
motivated and interested to teaching and learning chemistry, and they were able to conceive
and put in practice very multidisciplinary projects centered on specific chemistry topics, by
using their knowledges and their creativity.
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