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Abstract
Teacher education can benefit directly from experiences in non-formal settings.
This article presents a research study with elementary teachers who were teaching
in public schools in the state of Nuevo Ledn, México, and participated in a STEM
Continuous Professional Development (CPD) workshop. The workshop provided
a platform for teachers to interact with scientists and disseminators of science,
allowing the appropriation of scientific knowledge applied to everyday activities
and settings. Participants improved the quality of their teaching practices in
classrooms and gained a new understanding of STEM subjects, enabling them to
promote inspiring learning experiences with their students, where dialogue,
experimentation and elucidation became an important part of their lessons. The
study was carried out using ethnographic tools for analysing recorded videos, 15
sets of field notes, and 49 questionnaires. The sequential analysis of talk and
gestures in their participation in the CPD workshop demonstrated high levels of

involvement, creativity, and collaborative solution of STEM problems.
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Background and Context

Educational research focusing on teachers’ ideas about science in Mexico in the last ten
years has been widely documented for teachers in service. Gémez Galindo et al. (2013)
reviewed the state of knowledge in this field in Mexico from 2002 to 2011 and identified
more than 20 articles on this topic. For instance, Guerra-Ramos et al. (2005) point out
that teachers seem to be able to accommodate their pedagogical ideas into different
educational contexts; however, in some cases they also seem to struggle to clarify
stereotypical ideas about professional scientific practices. Likewise, the work of Garcia
Ruiz et al. (2006, 2008) focuses on the study of attitudes toward science, finding that
these are mostly negative and distant from teachers’ interests. Regarding disciplinary
knowledge, most of the publications refer to teachers at secondary level. Studies carried
out by Flores Camacho (2007), Garcia Franco et al. (2006) and Gallegos et al. (2005)
found that teachers who participated in Continuous Professional Development (CPD)
courses on science do not have sufficient basic knowledge to teach scientific disciplines
at secondary level. They also noted that teachers’ ideas are similar to those of their
students, and share conceptual errors (Calixto Flores 2004). An important conclusion of
several of these studies is that the ideas teachers have about science are not directly related
to their practice; teachers who took institutional CPD courses on science education and
changed some of their ideas about science, did not change their practice in classrooms.
Thus, for teachers in service the possibility of reducing the gap between new
curricular proposals, their conceptual misunderstandings, and their performance in
school, are related to their opportunity to participate in CPD programmes with the
capacity of providing them with tools for personal development, enriching their social

conditions and empowering them to overcome the traditionally established educational



practices. This is also true in the particular case of science education, where the CPD
programmres expect to educate teachers with a contemporary vision and experiences
associated with how scientific knowledge is constructed, alongside the ability to design
socio-constructivist scenarios for their students’ learning progress (Barahona et al. 2014).
In addition, these programmes have to consider not only the conceptual challenges for
teachers but also their emotional and attitudinal facets. Some studies have shown teachers
experiment against a background of feelings of insecurity and vulnerability in their daily
work (Sutton and Wheatley 2003), and in teaching science, there is some reluctance to
fulfil practical work due to the lack of confidence and sense of being out of control

(Guerra-Ramos et al. 2011).

The Role of STEM in Teacher Training

The evidence presented in the previous section demonstrates how traditional scientific
teacher education no longer meets the needs of teachers to design and implement
innovative educational strategies. We consider that a STEM perspective could be an
alternative for traditional scientific education. STEM programmes are characterised by
the design of problems where Science, Technology, Engineering and Mathematics must
be linked and used in a productive way to find solutions to problems. Due to the diversity
of possible problems to be addressed using a STEM perspective, students are exposed to
a variety of scientific and engineering activities. The activities may include participation
in festivals addressing contemporary issues on energy and sustainability, as well as
competitions on robotics, solving rescue challenges, designing solutions for industry and

commerce, and even designing the capacity of robots to play football or perform a



choreography, to name but a few. Hence, learning is both experiential and situated in the
context of solving problems relevant for students and society. This is a productive
approach in which we can prepare the next generation of STEM professionals: scientists,
engineers, architects and technology professionals to ensure the competitiveness of our
society (Sakar 2016). Also, the STEM perspective brings positive experiences for
teachers, affording group work and problem solving of situated problems in science.
However, teachers need to be educated to fulfil the demands of these activities,
many of them taking place in non-formal scenarios such as museums and after-school
clubs. For instance, some of these demands can be expressed in the form of the following
questions: How can students be guided to construct new scientific understandings derived
from a STEM experience in which they were involved? How can we help teachers to feel
comfortable and competent in these situations? In this article, we will present a case study

of teacher involvement in museum activities that will offer some responses to these issues.

STEM Culture and Hands-On Activities: The Case of horno® Science Museum

Experiential and situated learning are aspects of education where science museums and
centres can take a leading role (Falk and Dierking 2013, 2000). Museum horno’ is an
interactive centre dedicated to scientific education using the building and historical
context of what was a blast furnace for producing steel in the city of Monterrey, Mexico.
Most of the activities at horno® are STEM focused activities. Learners can do field trips
and practise Science during 1-day sessions. Activities for children include long courses
(10 weekly sessions, 35 hours) in order to develop their interest in pursuing STEM

careers. These children’s courses have been a tradition since 2007, and follow-up studies



indicate that 78% of the participants, who are now more than 18 years old, are studying
STEM careers. Nearly 50% of the participants belong to low income families, most of
them considered at risk because of violence and poverty, and where school dropout is
common (Ferndndez-Limén 2014). These courses have been taught in different places,
including horno’, but also in community centres and private schools. horno’ has
developed a partnership with different funders in order to cover the costs of these
activities in community centres. Thus, socially responsible companies, the federal
government, and the state government of Nuevo Leon, have sponsored school children,
paying for registration fees and transportation to different venues, in public institutions.
horno’ has also other outreach activities such as “Science in the City”, which is a free
programme where families participate in STEM activities. These activities take place in
shopping centres, parks, and other public places. In this respect, the provision of non-
formal courses and activities by horno® seeks to develop participants’ problem-solving
skills, as close as possible to those used by experts on STEM subjects.

Finally, since 2009, horno’ has implemented a workshop in scientific
competencies for teachers. In this workshop, a STEM perspective is implemented
transversally to develop scientific conceptual relations, as well as their connection to the
world and to contextualised problem solving relevant to communities in the metropolitan
area of Monterrey. The proposal of this CPD experience is to contribute to the education
of teachers using the affordances of non-formal settings and activities that teachers
usually do not have access to in formal CPD programmes. Key practices such as planning
before performance, collaborative reviewing processes (Simmons and Lunetta 1993), and
the use of contextualised frames of reference towards sustainable social practices
(Colucci-Gray et al. 2006), are part of the model used for designing the CPD courses

offered for teachers. This model also affords the generation of an award scheme



supporting teacher empowerment, and represents an opportunity to explore the legitimacy
of museums as productive settings for the development of STEM activities for teacher
education. Notably, science museums can provide a framework for involving teachers in
environments where teachers themselves are engaged in their own learning tasks.

This study examines the perspective of STEM education situated in non—formal
settings, such as the museum horno’, analysing how activities can be seen as an
opportunity for dialogic participation and a source of knowledge and confidence for

teachers involved in these experiences.

Dialogue and Transformative Education for STEM Activities

Increasingly, transformative learning and dialogue are influencing the development of a
pedagogy for teaching STEM subjects (Ferndndez-Cardenas 2014; Wegerif 2017; Kazak,
Wegerif, and Fujita 2015; Clifford and Montgomery 2015; Gutierrez and Vossoughi
2010; Bell 2016), and the role of museums and other non—formal settings for educating
teachers on STEM subjects has been increasingly recognised. In 1991, the International
Journal of Science Education published a special issue edited by Lucas on informal
sources for learning in science. Also, in 1997 Science Education published a special issue
on informal science education, co-edited by Dierking and Martin. Lastly, in 2003 Feher
and Rennie presented an issue on research in science learning in informal environments
in the Journal of Research in Science Teaching. In these issues, almost all the papers
inquire about the interactions of visitors and exhibitions, focusing on the use of language,
learning outcomes and the characteristics of exhibitions. Both Lucas (1991) and Dierking

and Martin (1997) pointed out that to reduce the gap between museums and educational



research in non—formal settings we needed to broaden the scope in methodological and
content domains. In this respect, Feher and Rennie (2003) suggested that one area that
has been neglected is the participation of teachers in museums and the various ways in
which they can learn in these settings. The role of museums involving teachers so that
they value and get enthused about science and technology has not been sufficiently
considered.

Although teacher learning in museums has not been sufficiently investigated, this
paper aims to help in constructing the research agenda in the area considering the points
Rennie and colleagues describe in their work (Rennie, Feher, Dierking and Falk 2003).
Following Schauble et al. (1997), these authors define three organising themes: (a)
learning and learning environments; (b) interpretation, meaning, and explanation; and (c)
identity, motivation, and interest. The relation between motivation, museums, and STEM
education can derive from the possibility of teachers for attending museums voluntarily,
so that their expectations can differ from the alignment with official policies. At the same
time, teachers can consider the possibility of using museums as a place to “play” and have
childlike and uninhibited behaviour. The relation between museums, learning, and
positive emotional experiences in visitors’ responses are well documented (Bell et al.
2009).

Moreover, science museums need to ensure they help wider audiences to get
access to the most relevant and updated debates in scientific and technology issues,
through participation in exhibits and other non-formal learning activities. Social
interaction and communication with peers and experts is crucial for getting access to these
debates which usually involve complex issues and problems (Dierking and Falk 1994;
Rennie et al. 2003). These interactions help visitors to engage creatively in conversations

while manipulating physical and digital artefacts (Salinas, Quintero and Fernandez—



Cérdenas 2016). The importance of the analysis of successful cases of learning
trajectories in museums is related to the recent demand to establish relationships between
formal and non—formal educational settings, and for identifying how people can learn in
each environment, the relations of people’s everyday knowledge and STEM implications,
thus generating successful collaborations and providing an effective science education
for all (Stocklmayer, Rennie and Gilbert 2010).

The incorporation of STEM activities in CPD courses for teachers is not an easy
task. Teachers are not used to integrated lessons or to incorporating the engineering
thinking process involved in STEM as part of their teaching, because they are usually
trained in specific mathematics or science strategies. Engineering training guides
participants to follow a process of thinking and the creation of models, whereas in science
education, teachers are trained to use classic experimentation as the main pedagogic
model. Instead of engineering and scientific training, we need a focus on STEM education
addressing simultaneously the development of academic skills applied to the solution of
problems with creativity and innovation, as well as promoting the levelling of differences
of access to the use of scientific tools of participants from disadvantaged contexts. Thus,
we need to help teachers to appropriate the knowledge and skills to achieve these goals,
and we believe that one way to get to this point is by promoting dialogic and
transformative approaches in educational practices. This is relevant as teachers can learn
to support reflections on power relations, which then can be used to make visible the
differences between experts and novices, and finding ways to promote dialogic
interactions in order to help newcomers to get the required access and knowledge in
control of old-timers in a given field of scientific expertise (Lave and Wenger 1991;

Wenger 2010). Therefore, participants can be involved in learning trajectories where they



can use their shared knowledge of STEM subjects to solve problems in their communities
and, in parallel, to meet their social needs.

This is even more crucial, given that formal settings have decreased their
influence on the achievement of societal goals in education, due to the lack of capacity
for promoting creativity, divergent thinking, and collaboration (Robinson 2010). It has
been argued that schooling systems need to transform their industrial mind-set into a more
post-industrial millennial era way of working, based on collaboration and innovative
ways to construct new institutions capable of facing new urgent problems, such as climate
change, economic sustainable development, migration, and the construction of societies
which are increasingly plural in terms of their culture and interaction of different lifestyles
in cities and suburban areas, thus promoting more action-oriented participatory
pedagogies (Dillon 2016). As a result, non—formal settings have become increasingly
valued as educational spaces where exploration, creativity, and freedom can relate to the
development of skills for ensuring that real needs of communities are taken seriously, so
that solutions are jointly constructed. Dewey (1909) has been a solid advocate of the
promotion of educational systems where curriculum is directly connected to reality on an
everyday basis. In line with this, museums and community centres working on STEM
activities have legitimated their mission as valid non-formal settings where academic
knowledge becomes socially relevant for social change (see also Bhabha 1994;

DiGiacomo and Gutiérrez 2016; Rogoff et al. 2016; Gutiérrez 2008).



Methodology

In this study we use ethnographic tools (Castanheira et al. 2001; Gee and Green 1998;
Skukauskaité, Liu, and Green 2007) in order to study the perspective of participants in
their own activities and settings. In educational studies, the aim of using ethnographic
tools is to describe the way teachers, students and other types of educational agents are
involved in settings such as schools and museums. In a related manner, the analysis of
talk in participation in situated activities has been used to understand how participants
construct meaning as part of the unfolding sequences of turns taking place in collaborative
activities (Goodwin 2017; 2007a; 2007b). We are using these analyses along with the
results of surveys and field notes to triangulate information in order to produce an
informed account of the perspective of participants in a CPD course on STEM subjects.
In this paper, we are focusing particularly on one session (number 15 in a series of
workshops), which is about the construction of hypotheses when using an inclined plane
with different materials, angles and types of toy cars. In particular, we look at learning
trajectories of teachers in service working in small groups. Teachers in service make
predictions about the distance which will be travelled by a toy car when left freely to run
from the top of an inclined plane. The aspects they propose looking at include the angle
of the plane, the materials of the car, and the initial velocity of the car. One purpose is to
establish causal relationships between the aspects involved in the physical phenomena
observed in each experiment, and assess to what extent some aspects depend on each
other and can be controlled to perform some desired effect and the relation with

engineering design.



Participants

This CPD workshop for teachers was offered for the first time at horno’ in 2009, and was
designed by horno’ and Cinvestav Unidad Monterrey. All the participants have been
teachers in service in preschool, primary and secondary levels from public schools.

The presentation of the workshop started on September 18™ and 19", 2015, and the last
sessions took place on December 15™ and 16", 2015. The data presented in this article
were collected from session 15, involving 49 participants: 14 were preschool teachers, 17

primary school teachers, and 18 secondary school teachers.

Instruments and Procedure

The workshop consisted of 15 three—hour sessions. These sessions were divided in 5
modules:

e Life science

e  Matter and energy

e Sustainability

e The teacher as a role model

e New technologies and engineering in the classroom

Session 15, located in the last module, addressed the solution of a problem
involving an inclined plane and a toy car. We focused on this session as one example of
how participants engaged with high levels of involvement and creativity for the
collaborative solution of STEM problems. During this session, the class was arranged to

work in small groups of four teachers in each table. Groups seated where they wanted, so
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they selected their team freely. The material to be used was in the front of the room. The
facilitator asked one person of each group to pick up the material in front of the room.
When they got back to their teams again, the facilitator gave them the first part of the
challenge. They had to build a ramp, so that a car and a truck were able to slide on it.
After building the ramp, they had to predict the spot where they think the vehicles would
stop. They had to mark the selected spot with a sticker.

The teachers started immediately to build the ramp. The facilitator asked them to
first think about the place in the room where they wanted to work, because they were
going to try their models. They started playing with the cars simulating ramps without
actually building the ramp. The facilitator told them that they could not use the cars and
trucks before making their prediction. Only after proposing their hypotheses they were
allowed to build the ramp. Some teams added books, notebooks, and chairs to try to
elevate the ramps. The conversation focused on height, gravity, the material of the cars
and trucks, and the differences in weight for the vehicles. Some teams talked about
acceleration, the angle of the ramp related to the distance the car and truck were going to
travel. Some teams worked on the tables, some others decided to work on the floor.

When they finished building the ramp, the facilitator told them to put one sticker
where they thought the car would stop, and another sticker where they thought the truck
would stop. After that, they cut two pieces of different colour yarn covering the same
distance predicted for each vehicle and stuck them with masking tape on a given wall.
Each team was assigned with a space on a specific wall in the room. In another sticker
they had to write: “This is our prediction for our car”, and “This is our prediction for our
truck”. After making their predictions and sticking the yarn on the walls, they had to try
the car and the truck and make the measure of the actual distance travelled with a yarn of

another colour and stick the yarn next to the other lines with the predictions. The teams
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talked about weight, distance, gravity, friction, design of the cars and trucks, and stability.

All the members of the group were actively participating in the activity.

Results

Analysis of Data

An ethnographic case was constructed detailing the trajectory of participants, describing
particularly session 15 of the CPD workshop. The case included the following analytical
elements:

a) Categorisation of topics presented by teachers participating in the workshop,
using a semantic lexical analysis (Hatch and Brown 1995; Reyes Angona and
Fernandez-Cardenas 2015; Reyes Angona, Ferndndez-Cérdenas, and Martinez
Martinez 2013) of the questionnaires administered at the end of the session.

b) Analysis of talk in interaction (Goodwin and Heritage 1990; Goodwin 2007;
Goodwin 2017) of a transcript of a video with the activities of a small group.

¢) Triangulation of data sources, including detailed ethnographic notes of the
session, to increase validity and ensuring we captured the perspective of

participants.

Analysis of Questionnaires

The answers of the surveyed participants indicate different types of learning. Beyond the

appropriation of disciplinary knowledge, the answers revealed the importance that
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participants attributed to the pedagogical model of the course, and the approach focusing
on solving problems using a STEM approach. The way of referring to the session allows
the identification of three main aspects recognized by participants as relevant in the way
they teach STEM subjects:
a) Learning with enjoyment: One of the most challenging obstacles for teachers is
the election of a pedagogical model for their practice. They usually struggle to
find an efficient pedagogy to disseminate scientific findings and its applications
to a wider audience, mostly pupils, and in some cases, parents and policy makers.
One of the main challenges of such a pedagogy is the goal of learning with
enjoyment, especially in STEM subjects, which in many cases are considered
boring and difficult to grasp. The challenge is to develop a pedagogy not only
limited to the transmission of useful scientific information, but mainly to draw on
a pedagogy aimed to co-construct solutions to STEM problems, while providing
enjoyment to the learners. The participants of this CPD course seemed to connect
with the same sensations of enjoyment as the goals of the pedagogy required in
their own classrooms, in relation to the way in which the course was delivered.

Below there are some testimonials:

[Table 1 near here]

Participants did not indicate that they got distracted from learning objectives nor

did they consider that there was any simplification of the value of STEM

subjects, despite the enjoyment and entertainment they had as part of the

experience.
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b) Learning by doing: A semantic analysis of the answers of the survey reveals
the lexical density regarding the meaning of “activity”. The following table of
the lexical frequencies in the answers regarding their evaluation of the session
shows the prevalence of meanings related to the active and practical knowledge,
as well as the application of knowledge. In this analysis, the participants’
perspective of the course highlights the importance of learning “by doing”, not
only by listening or reading information from a book or transmitted by the
instructor (transmitted pedagogical knowledge). Table 2 shows the frequency of

the term related to each field, retrieved from the answers of the questionnaires.

[Table 2 near here]

To this lexical mapping, we must include the recurrent emergence of phrases that
semantically strengthen the feeling of active learning. Some examples are

included in Table 3.

[Table 3 near here]

¢) Problem-solving pedagogy: Participants insisted on the value of the STEM
approach for solving problems in their daily environment as being at the centre of
the teaching process. Some participants highlighted the relationship between the
contents of the session and common topics of interest, both for them and for their
students. One of the participants indicated that the session included “real and

interesting topics”. Other statements stand out for the value attributed to the
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learners, and their participation in the learning experience. Here we present three

examples (Table 4).

[Table 4 near here]

To sum up, the assessment of the surveyed participants of the session was
favourable, especially because they found a positive emotional experience, reasonably
interesting, notably active, and most of all, different from what they already had
experienced. It is worth mentioning some statements from which this conclusion was
obtained: “Activities that can be applied in an innovative way”, “A different way to
approach interesting topics”, “It provides alternatives to raise interest in studying”,
“Systematised and planned, but still innovative”. The implication of this analysis for
teacher education on STEM subjects resides in the transfer of pedagogic skills and
affective experience from their own involvement in this course towards the design of
activities for the classrooms in which they teach STEM subjects. Participants
emphasised the intrinsic potential of some of the activities they experienced to be
transferred verbatim to their own classroom. In other cases, it was necessary to
contextualise the problem. As reported by one of the participants, they intended to
“apply [the modelled experiment] but in a less complex way for preschool children.”
What is predominant, in any case, is the idea of transferring the experiential spirit, and

the pedagogical model described above: student-centred, active, problem-solving based,

and enjoyable.
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Next, in order to exemplify the interaction between teachers and their involvement
in the activities, we present the analysis of a transcript of a video recording of the work

of a small group using a ramp.

Transcript Analysis of a Video-Recorded Session

In this transcript teachers are sliding a toy car through an inclined plane. The toy car slides
mainly on a straight line, but eventually skids out of the way towards the left side. The
camera turns to the left to focus on another team which has constructed a guarded lane

with small cotton balls, so that the car toy does not slide out of its way.

[Figure 1 near here]

Transcript 1. A car toy following a straight line

F1: Female teacher 1

F2: Female teacher 2

M1: Male teacher 1

M2: Male teacher 2

1. F1: The wheel is hurt / get another one / get... (inaudible) little wheel / that is

/ this wheel does not give.

[Figure 2 near here]

2. F2: Let’s see (female partner takes the wheel toy).
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[Figure 3 near here]

(A male participant from another group gets close to F1).

3. M1: What did you put this here for?

[Figure 4 near here]

4. F1: So that the toy car does not get derailed // (she moves her hand towards

the right, simulating a derailment towards that side).

[Figure 5 near here]

(Another male participant hands in a new car which has been tested by him in

the back part of the room).

5. M2: Look at this

[Figure 6 near here]

6. F2: Does it give everything? (another female participant of the group asks F1

— F1 tries the wheels of the new car sliding them on the palm of her left hand).

[Figure 7 near here]
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(F1 slides the car toy on the inclined plane, so that the car moves in a straight
line without stopping and falling at the end of the table. The camera focus

briefly on the activity of the other groups).

[Figure 8 near here]

Analysis of transcript and activity

Teacher participants in the activity are working together in small groups. This specific
group is gathered around a long table where they have placed a strip of cardboard as an
inclined plane. Within this strip, there is a narrower lane signalled with cotton balls on
both sides, so that the toy car can move through a straight line without leaving the lane.
One of the female teachers is examining the toy car, testing the wheels as she rubs them
on the palm of her hand. While doing this, she mentions that one of the wheels is
“hurt”. She adds that “this wheel does not give”, suggesting that the wheel is stuck, not
giving itself in the movement it should follow. It is interesting to note the analogy with
a sick body. “Let’s see”, a female colleague grabs the toy car. Simultaneously, a male
colleague from another team gets close to F1 and asks her on turn 3, “What did you put
this here for?” while pointing to the cotton balls. It is interesting to note the attention
these cotton balls get from M1 as the arrangement of participants establishes a clear
boundary between groups, so that participants can negotiate together within each group
about their own way to design an experiment involving an inclined plane, as well as
making their own hypotheses before trying each of their toy cars. Nevertheless, the
design of the lane made of cotton balls is apparently attractive enough to get the

attention of M1 and get him involved in the business of another team. Heath and
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colleagues (2008) have highlighted the challenges for mutual engagement and co—
participation in activities at science museums, yet these teacher participants seem to get
as motivated as required to trespass the boundaries of another group and get involved in
their design for the experiment using an inclined plane and a toy car.

Both the materiality of the objects (Hetherington and Wegerif, this volume)
involved in the experiment and the rules of participation involving an open-ended task
seem to exert a strong effect on the expression of creative solutions and interest on the
work of others (Ferndndez-Céardenas 2008; Fernandez-Cardenas and Silveyra-De La
Garza 2010). In addition to this, it is worth noting how simultaneously M2 is looking
inside a plastic bag for alternative options of car toys, and testing them in another table
sliding them in the surface of such table. He also seems to be crossing boundaries,
working in another table, using resources that are not located in the territory of his group.

Eventually, after testing toy car candidates on the table, M2 seems to identify a
suitable car for the experiment and grabbing it moves his body through the conversation
of F1 and M1, reaching F1 and asking her to look at the car in the palm of his hand. This
move incurs in a rupture (Schegloff 1992) of the flow of the sequence of turns between
M1 and F1. However, he seems not to care about this and passes the car to F1. F2 is
paying attention to this and asks F1 in turn 6 “does it give everything?” Again, it is
interesting to note the bodily analogy relating to the car, and the spontaneous involvement
of a fourth participant in this unfolding course of cooperative action. Next, F1 lets the
car slide freely on the inclined plane. This analogy, and the way teachers interact, shows
they are involved in the joint solution of the problem and, at the same time, they use a
childlike behaviour playing a game. These results agree with those of Bell et al. (2009)

in relation to similar activities encouraging teachers to be creative and spontaneous.
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Triangulation: The perspective of participants

From the sources analysed and presented in this article, it is possible to see the high level
of engagement of teachers in service as part of this CPD workshop. Participants construct
their own trajectories as well as sequentially interacting, making predictions, testing
hypothesis, and deciding together about the aspects affecting velocity and trajectories of
toy cars and trucks. Teachers reflect on their own involvement creatively so that they
propose the transfer of their experience to the design of lessons for their own school
classrooms. The data shows how the enthusiasm of participating in an inspirational setting
with playful activities is constructive for imagining alternatives for their school students.
Data also describes the emergence of a new confidence gained for dealing with STEM
subjects in pedagogic situations, and new possibilities for helping their students to
interpret what is going in a given attempt for solving a problem using a STEM approach
to scientific education. Finally, the data gathered in terms of enthused testimonies and
constructive conversations helps to map trajectories which are transformative for the
identities of the participants. In other words, they start participating in a more rigid and
insecure fashion and end up as enthused participants with a more robust comprehension
of the affordances of a STEM approach for solving problems that can be even located in

their own community.

Discussion and conclusion

Museums and other non-formal educational settings provide an excellent opportunity for
participants to get engaged in scientific activities, appropriating them in a playful manner.

In particular, teachers in the analysed session of this CPD workshop were guided in their
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participation in order to construct scientific knowledge about the use of inclined planes
and the impact on velocity of vehicles. We can now revisit the suggestions proposed by
Schauble et al. (1997), by defining three organising themes for studying the relationship
between museums and scientific education:

(a) Learning and learning environments: Teachers had the opportunity to
negotiate the validity of their predictions and get involved in the knowledge of inclined
planes as simple machines with everyday uses and situated examples. They also had the
opportunity to reflect on the pedagogy that can be better used in their own classrooms.

(b) Interpretation, meaning, and explanation: These pedagogic elements are
coupled with an emotionally positive atmosphere in which teachers were feeling free to
participate without evaluation outside restrictive environments. Specifically, we consider
that this has generated a relationship between collaborative work, a playful environment,
and the need to perform an intellectually demanding task in which assertions must be
supported by establishing relationships between different aspects of a phenomena and
concrete evidence. This combination has afforded relevant learning experiences for
teachers for the use of a STEM perspective in their own classrooms.

(c) Identity, motivation, and interest: We suggest that this hands—on experience
for constructing scientific knowledge, and all the atmosphere around participants, was
more powerful than the usually more theoretical courses teachers have as formal training
on science education. The situated and dialogic experience they had at the museum was
reported as one of the first opportunities teachers had an authentic involvement in these
topics.

Our results help to confirm the relevance of non—formal educational experiences
for the construction of knowledge and identities which are usually not afforded by schools

and institutions formally designed for teacher education. In this sense, museums in
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Mexico could play a significant role in CPD courses for educating teachers and in the

construction of a STEM culture in schools.
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Tables and Figures

Table 1. Statements indicating learning with enjoyment

Statements from questionnaires

“We practice different topics in a different and fun way”

“It made us reflect in a fun way”

“Very entertaining and fun to use in the classroom”

“Very motivating and creative” [regarding activities]
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Table 2. Lexical frequencies of terms used for answering the question: What do you

think of the session?

Word Frequency
Applying (and lexical variations such as “application” and “applied”) 11
Activity (and derived plural forms such as “activities”) 9
Practice (and derived adjectives such as “practical”) 5

Table 3. Statements about the visualization of science as applied knowledge oriented to

practical activities.

Example

Comment

“Engineering is a vital tool”

It highlights the condition of engineering as applied
science and not as pure hypothetical informative

content or knowledge.

“due to the experiments we

elaborate”

The chosen verb “elaborate” in first person highlights
the active involvement of the subject in such
experiments, not only as an observer but also as a

constructor of knowledge.

“It was experimental, which

makes us build our learning”

Awareness of learning as the product of experience,
from the action or construction from the subject, and

not only as an acquisition or mental reflection.
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Table 4. Statements related to the perception of a problem-solving pedagogy.

Statement

Comment

“[the session was] very dynamic, allowing
people to try it is a good way to study great

topics”

Participants experience the session as
something that is “tested”, and goes through
a comprehensive experience and sensorial
subjectivity, not only as an intellectual

activity.

“The activity was really dynamic and

applied a process accordingly to the team”

Flexibility in the establishment of activities.
The learners “arrange” and contextualize

the contents.

“It allows involving all the students and

mobilizing their learning”

It highlights the central role and

participation of the subject in the activity.
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Figure 1. Context of the situation
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Figure 2. The wheel is hurt
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Figure 3. Let’s see
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Figure 5. Toy car protection
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Figure 7. Wheel testing
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Figure 8. Car sliding
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