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1 Introduction

The aim of the project AvtoSTEM is to investigate how automata can
enrich young children’s play to promote a better understanding of
Science, Technology, Engineering, and Mathematics (STEM).

It aims to provide Early Childhood Education and Care (ECEC)
teachers and other stakeholders of young children’s education of
tools and materials to build a didactic path, which is simple,
replicable and valuable in terms of

1) promotion of a motivation for STEM,

2) promotion of the development of creative thinking, problem-
solving, and comprehension ability, and

3) cultural awareness and fransversal values such as recycling.

In this document, firstly, we will explain what automata and STEM
are (paragraph 2 on page 3). Then we explain our theoretical
framework (paragraph 3 on page 6) and pedagogical concept
(paragraph 4 on page 8). Finally, we present some key concepts
for constructing automata (paragraph 5 on page 17).

Figure 1: Automata promote creative thinking and problem-solving
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2 Avutomata for STEM

2.1 Learning through Automata

Automata are fascinating mechanical toys, small Kinefic Art
sculptures. Automata might be seen as an
amalgamation between engineering, cultural awareness and
arfistic expression. As with other manual artefacts, automata are
designed as child cenfred communication devices and can be
defined as ‘storyteling mechanical objects’. Automata have
fascinated children over the ages and today there are museums
just of automata.

Due to the combination of narrative and mechanical parts,
automata have several possibilities for use within education.
Besides being much enjoyed by children, they are easy to create in
the classroom. Automata can be built to suit the children’s age,
with simple to complex designs and motions.

When planning and constructing an automaton, children can
develop different competencies including problem-solving, group
work, creativity as well as exploring STEM content.

2.2 STEM

The US National Science Foundation proposed the acronym STEM in
the 1990s standing for the concepts of science, technology,
engineering, and mathematics (Sanders, 2009).

There are different definitions of STEM (see Figure 2). In most
national and international reports, STEM is usually interchangeable
with ‘science’. In this context, science refers to ‘all of physical
sciences, life sciences, computer science and technology, and [...]
includes mathematics — subjects that are commonly taught at
primary and secondary schools in most European countries’
(European Commission, 2007, p. 5). That means STEM can refer to
the various domains of knowledge covered by the acronym (@ in
Figure 2). On the other hand, we can use STEM to describe
interdisciplinary approaches that make connections between
some of the four disciplines (® in Figure 2). Sometimes it covers
even a fully integrated view of STEM education (® in Figure 2, cf.
Rosicka, 2016, p. 4). This contfinues to be a source of ambiguity
among practitioners, particularly in the area of education.
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Figure 2: Different definitions of STEM

In the project AutoSTEM, we prefer an interdisciplinary approach.
That means that each automaton allows the children not only to
experience one or more areas of STEM but also to discover
relationships and connections between the different disciplines.

Thus, RutoSTEM is placed at the ‘infersection’ of science,
technology, engineering, and mathematics.

‘When STEM education is placed at the “intersection” of science,
technology, engineering, and mathematics, its meaning is usually
expanded to refer to a rupture with “traditional” teaching. An
integrative STEM  education usually implies multidisciplinary
teaching and is directed at developing students’ problem-framing
and problem-solving skills, as well as their ability to contextualise
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scientific concepts to real-life situations. In this understanding, STEM
education is not defined in terms of a break with traditional
subjects, but rather with a break from fraditional instruction, in
which lessons are strictly focused on the delivery of subject-specific
content by the teacher and the acquisition of content knowledge
by the students’ (European Schoolnet, 2018, p. 6).

Finland uses an even more holistic approach to STEM. Students use
inquiry and research in their learning. This enables them to apply
what they have learned in an integrative manner (Geller,
Neumann, Boone, & Fischer, 2014). This approach requires that
teachers are explicitly frained how to work with problem-solving
groups in STEM education (Schleicher, ed., 2012).

Young children’s learning experiences have an effect on later
academic success (e.g. Campbell, Pungello, Miller-Johnson,
Burchinal & Ramey, 2001; Hadzigeorgiou, 2002). There are a lot of
studies that show that mathematical experiences in  early
childhood are a strong predictor of success not only in future
school mathematics, but other school subjects and life itself
(Carmichael, MacDonald, & McFarland-Piazza, 2014; Duncan et
al., 2007; Geary et al., 2013). Though there are fewer studies about
other STEM disciplines, this might also be true for STEM in general.
Thus, appropriate STEM experiences in early childhood can be
starting points for supporting children’s contfinued successes in STEM
and other subjects at primary, secondary, and post-secondary
levels. STEM competencies are of growing importance in a world
where the pace of change and the need for technological
advances have become critical to our survival.
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3 Theoretical framework

3.1 Play-based pedagogy

In the project AvtoSTEM, we use a relational play-based pedagogy
(Hedges & Cooper, 2018) and a dynamic learning concept
(Brostrém, 2017). According to Friedrich Frébel (1887, p. 57), the
inventor of the Kindergarten, play is ‘the highest expression of
human development in childhood, for it alone is the free expression
of what is in a child’s soul.” Lev Vygotsky (1978, p. 102) supported
this view by stating, ‘In play, a child always behaves beyond his
average age, above his daily behaviour’ and ‘Play always leads to
a more advanced level of development.” That means the children
explore their, ‘Zone of Proximal Development’ (ZPD) in play, but it
will only happen when the play environment challenges the
children to cross their ZPD (Van der Veer & Valsiner, 1991). Thus,
Early Childhood Education and Care (ECEC) teachers play an
important role. Their task is to challenge the children and
encourage them to create new meanings and understandings
(Brostrom, 2017).

This approach is child-centred but not entirely child-directed. Child-
cenfredness means, ‘emphasizing the importance of teaching
academic concepts in an engaging and developmentally
appropriate manner, expanding on children’s interests, and utilizing
play-based strategies that match children’s abilities’ (Pyle &
Danniels, 2017, p. 286). Play-based pedagogy with its method
‘guided play’ is a middle ground between direct instruction and
free play. It ‘melds exploration and child autonomy with the best
elements of teacher-guided instruction’ (Weisberg et al., 2016, p.
177). 1t has been shown that guided play helps children to a better
understanding of academic concepts than direct instruction (Han
et al., 2010; Stipek et al., 1995) or free play alone (Chien et al., 2010;
Honomichl & Chen, 2012).

3.2 Guided play

There are two forms of guided play (Weisberg et al., 20164). Both
can be used while working with automata.
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1) One form starts with children’s free play. The teacher
observes child-directed activities and enriches the children’s
play by making comments, encouraging children to question
or extending children’s interest. For example, the teacher
may infroduce the Balloon-car after having seen that the
children like to play with cars.

2) In the second form of guided play, the teacher designs a
setting that is focused on a learning goal. In contrast to direct
instruction, the teacher ensures that the children have the
autonomy to explore the academic concepts in their own
ways within the given setting. Examples for this approach in

AutoSTEM cre the Always-come-back-machine and the River
Nile Scenario.

In either form, the teachers act as ‘commenters, coplayers,
questioners, or demonstrators of new ways to interact with the
materials involved’ (Pyle & Danniels, 2017, p. 275) in order to
enhance the children’s learning experiences while the ‘children
direct their own learning within the established play context’ (ibid.).
This ensures that play-based learning is contextualized learning.

Figure 3: Play is the highest expression of human development in childhood
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4 The pedagogical concept

4.1 Steps to implement AutoSTEM

An AvtoSTEM project usually has three general phases.

1) First, the ECEC teacher observes the children in order to identify
what catches their attention and interests. The teacher chooses
an automaton that satisfies the children’s curiosity.

2)

3)

In the second phase, the teacher presents the automaton to
the children. This can be done in three different ways;

q)

b)

The teacher presents an automaton that is directly related to
children’s free play (e.g. the Eco-car). The children are
inspired to make their own automata. While they are
engaged in practical work, the teacher scaffolds and
infroduces STEM concepts that are needed to complete the
task.

The teacher presents a scenario (e.g. the River Nile Scenario)
that incorporates one or more automata. In interacting with
the scenario, the children discover an automaton and that
interests them to want to make their own. While they are
engaged in the practical work, the teacher scaffolds and
infroduces STEM concepts that are related to both the
context of the scenario and the construction of the
automaton.

The teacher presents an automaton that shows a surprising
movement but has a mechanism that is hidden (e.g. the
Always-come-back-machine). This is usually an automaton
that is too complicated for the children to build by
themselves. This initiates the children to immediately start with
the third phase.

In the third phase, the children play with the automata in their
own way, and explore, discover and experience STEM concepts
while doing so. Some children will be inspired to design their own
automata by adapting and modifying the prototype.

AutaSTEM
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4.2 Children's activities

In order to make an automaton, children have to follow a series of
activities that entail the acquisition of skills. The skills are (1)
observing and analysing, (2) conceiving, (3) experiencing and
constructing, (4) playing and (5) reflecting.

4.2.1 Observing and analysing an automaton

The starting point for the work with automata in the classroom is the
observation and analysis of an automaton. The children observe
the movement of the automaton and explore the mechanisms in
order to discover and understand how it works.

4.2.2 Conceiving their own automata

Before the children can construct their own automata, they have
to conceive the automaton they want to build. This starts with
defining the materials, colours, and size. It confinues with
identifying, looking for, and collecting the materials (e.g. recycled
materials). Finally, the children have to design the mechanisms and
the construction process. It depends on the children’s age and
mafturity how much of this can be done in an exploratory and
child-directed way.

4.2.3 Experiencing STEM content while constructing
the auvtomata

The most engaging, motivating and interesting part of the project is
the construction of the automata. While constructing the
automata, the children have many experiences with STEM
concepts and ideas. The teacher supports this by scaffolding and
making the children aware of the STEM content.

4.2.4 Playing with the automata

Playing with the automata is important in many respects. One
motivation for constructing the automaton is the wish to play with it
afterwards. As mentioned before, play is ‘the highest expression of
human development in childhood’ (Frébel, 1887, p. 57) and ‘leads
to a more advanced level of development’ (Vygotsky, 1978, p.
102). While playing with the automaton, it becomes meaningful for
the child. The child puts it in a context, explores its properties,
movements and relationships to the environment and the story. The
context can be directly related to a given scenario and storyline, or
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freely dreamt up by the child. In any case, the children will have
experiences with STEM content because of the STEM context the
automaton is related to and because playing itself is one of the six
fundamental mathematical activities (Bishop, 1988, p. 183).

4.2.5 Reflecting on the work developed

While interacting with the environment, the automata, the
scenario, the story, their fantasy, the children have experiences
with STEM concepts and content. However, experience alone does
not lead to learning. It is not enough to just have experiences.
Children have to reflect on their experiences because reflection
directs experience to learning and deeper insights. According to
John Dewey (1933, p. 17), reflection ‘emancipates us from merely
impulsive and merely routine activity [...] It converts action that is
merely appetitive, blind and impulsive into intelligent action’ and it
‘gives an individual an increased power of control’ (ibid., p. 21).

4.3 The teachers’ role

4.3.1 Identifying children’s Zone of Proximal
Development

As mentioned before (see step 1 in paragraph 4.1), projects in early
childhood education should always start with the children’s
interests and initiative. Thus, the teacher’s first task is to observe the
children in order to find out what catches their interest and what
their precursor knowledge is, in this field of interest. That means the
teacher has to identify the children’'s Zone of Proximal
Development (ZPD).

4.3.2 Choosing learning objectives

There are two different approaches to early childhood education
(OECD, 2006). In the Nordic and a number of Central European
countries, we find a social pedagogy approach. It is child-centred
and holistic, emphasising the concepts care, play, relationships,
activity and development, and sees children as agents of their own
learning. In other countries, we find an early education approach
that focuses on teaching, learning, curriculum, contfent,
methodology, and emergent literacy and numeracy (Brostrom,
2017). Teachers who follow the early education approach have to
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identify learning goals for every lesson they teach. Curricula that
follow the social pedagogy approach do not state learning goals
for children. They have only objectives for the teachers, e.g. the
Norwegian ECEC curriculum claims, ‘kindergartens shall enable the
children to [...] build constructions from different materials and
explore the opportunities offered by tools and technology’ (Ministry
of Education and Research, 2017, p. 52). However, Gunnestad
(2019, p. 95-96) shows that those objectives are implicitly related to
learning goals for the children. Thus, even when following a social
pedagogy approach, the teacher has to choose a learning goal
when planning an activity for the children. For example, the
objective ‘to enable the children to build constructions’, is related
to subject-specific skills, i.e. procedural knowledge (Krathwonhl,
2002), e.g., ‘the child is able to build a scissors arm’. The same
activity, however, can be used to develop the children’s
conceptual knowledge as well, e.g., ‘the child understands the
concepts of contraction and expansion’.

4.3.3 Planning the activity
As described before (see paragraph 4.1), there are different

possibilities of how to start an AuteSTEM activity. Regardless of which
approach is chosen, the activity has to be planned. When it comes
to the construction of the automaton, the teacher has to choose a
pedagogical approach that is suitable for the children and serves
the learning goals. The two major approaches are inquiry-based
learning and direct instruction.

When taking an inquiry-based approach, the teacher shows an
automaton to the children. The children observe its movement and
formulate hypotheses about how the movement is possible. Then
they test their hypotheses by constructing their own mechanisms
that eventually show the same movement. A precondition for this
approach is that understanding the mechanism lies within the
children’s ZPD. That means the children need some precursor
knowledge and prior experiences with mechanics.

For younger children, the teacher will probably choose direct
instruction as the most suitable approach. Doing so, the teacher
starts by infroducing individual items that create the movement
and then guides the children to the assembly of the automaton,
according to the desired movement. Even though the teacher uses
direct instruction to guide the children through the construction of
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the automaton, the children will experience STEM concepts and
ideas in an inquiry-based way (see paragraph 4.3.5).

4.3.4 Scaffolding the production of the automata

Regardless of the chosen pedagogical approach, the teacher has
to help the children during the construction work — both physically
and intellectually. Different automata require different fine motor
skills. The younger the children are the more physical help they
need. Moreover, the teacher should help the children to reflect on
and think through the related STEM concepts in order to find a
useful mechanism to the movement that they want to realize.
Wood, Bruner, and Ross (1976) call this support ‘scaffolding’.
Scaffolding ‘refers to the steps taken to reduce the degrees of
freedom in carrying out some task so that the child can
concentrate on the difficult skill she is in the process of acquiring’
(Bruner, 1978, p. 19).

Bruner has chosen the term ‘scaffolding’ in order to emphasise that
this is only a supportive frame. It does not solve the problem for the
child. Scaffolding is a structured interaction between the teacher
and the child that helps the child to achieve a specific goal almost
on its own. The purpose is to allow the child to achieve higher levels
of development. Thus, scaffolding is strongly related to Vygotsky's
ZPD.

4.3.5 Link the construction process to STEM content or
other subjects

All the automata that we present in the AutoSTEM project can be
used as a tool for teaching STEM content from subjects including
mathematics, physics, and biology. Some content is related to the
construction process, some to the analysis of the mechanism and
some appear when the children play with the finished automaton.
In addition, some automata can be used to work on other subjects
as well, e.g. literature or foreign languages.

4.3.6 Working with a scenario or story

As infroduced under step 2b in paragraph 4.1, the automata can
be integrated within a scenario or story. Teachers who want to do
this have to choose a scenario or story that meets the children’s
interests and is related to the chosen STEM content and automata.
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The difference between a scenario and a story is that a scenario is
presented by a scenic installation while a story is presented just
orally or with support of pictures. The scenario might be prepared
by the teacher or developed together with the children. In the
latter case, the construction of the scenario might start from a story
and has to be guided by the teacher.

4.3.7 Collecting feedback

Ongoing evaluation is an essential part of every project. During the
whole project period, the teacher will ask, ‘Where are we?’,
‘Where should we be?’ and ‘How can we get on track again?g’
(Lewis, 2000, p. 185). The evaluation enables the teacher to keep
track of the children’s learning progress and to know when the
learning goals are reached. In order to obtain this feedback, the
teacher can use informal observation and ‘Learning stories’ for
documentation (Carr & Lee, 2012). During the observation, the
teacher takes photos and writes down notes. Afterwards, the
teacher creates a story, reads the story to the child, and shares it
with the child’s family. Key elements of a learning story are the
teacher’s interpretation of the child’'s engagement, intentionality,
relationships, competencies, and learning dispositions such as
courage, curiosity, and perseverance. Children should be seen as
‘skillful communicators, experts in their own lives, rights holders and
meaning makers’ as well as ‘social actors who are “beings” rather
than “becomings™’ (Clark &Moss, 2011, p. 6 and 8). Therefore, a
learning story highlights what the children can do, and are doing,
rather than what they cannot do.

Materials that are provided by the AuteSTEM project include an
observation guide, as well as a group infterview guide and a
questionnaire. These can be used for collecting feedback. During
the piloting of the AuteSTEM project, we would be happy if you
share your collected data with us. This would help us to further
develop and improve the project materials.

4.4 An interdisciplinary approach to learn STEM

through automata
Working with automata allows children to explore concepts, ideas,
and topics from different STEM areas. We have already explained

in paragraph 2.2 that we are promoting an interdisciplinary
approach. Detailed information about the related STEM content is
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provided in the material for each automaton and each scenario.
In the following, we give just a broad overview of possible content.
This list is not comprehensive. Figure 4 provides an overview.

4.4.1 Technology

A commonly accepted definition of technology comes from the
American sociologist Read Bain (1937, p. 860) who wrote,
‘Technology includes all tools, machines, utensils, weapons,
instruments, housing, clothing, communicating and transporting
devices and the skills by which we produce and use them.’ Since
automata are simple machines, they are technology by definition.
Working with automata teaches children skills on how to produce
such simple machines.

4.4.2 Mathematics

In order to structure the mathematics content, we use Bishop's six
fundamental mathematical activities locating, designing, counting,
measuring, explaining and playing (Bishop, 1988).

i} Locating: Spatial relations (left, right, front, rear, top, bottom,
in front, behind, outwards, inwards, though, up, down,
outside, inside, ...) and spatial imagination (to visualize how
the parts will fit fogether)

i3 Designing: Shapes (circle, triangle, rectangle, square, ...) and
their properties (round, pointed, oblong, symmetrical, corner,
side, ...)

i3 Counting: Tallying, using objects to record, compare and
order discrete phenomena, and using number words (five
wooden sticks, four bottle tops, three straws, two skewers)

i+ Measuring: ‘measure-words’ (long, short, high, low, wide,
narrow), comparison and ordering (longer, shorter, as long
as, twice as long as), using body parts as measuring units
(fingerbreadth, span, foot), and using standard measuring
devices such as rulers

i3 Explaining: Finding ways to account for the existence of
scientific phenomena (Why are wheels round? How can a
rubber band or a balloon power a care Why do the scissors
arm stretch?) This, of course, is important in all of science, not
only mathematics.
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i} Playing: Models, rules, procedures, strategies, hypothetical
reasoning and prediction

4.4.3 Science
Biology/zoology

Some of the automata are directly related to animals and can be
used to teach about biology.

i} The Jellybird: Birds' body parts, how birds fly, wing shapes,
murmuration, flocks

i The Talking Elephant: Elephants’ body parts, physical
characteristics (skin, nose), movement, eating habits

i} The scissors arm: Crocodiles, dinosaurs, hippos ...

Sustainability and protection of the environment are other relevant
biological topics.

Physics

Since automata are mechanical toys, working with automata
provides experiences with physical phenomena and concepfs.
Some automata (e.g. the Eco-car, the Wind turbine and the
Always-come-back-machine) are designed with a special focus on
specific physical concepts.

i} Energy: elastic, potential, kinetic, thermal energy, work,
conservation of energy
i} Force: doing work by applying force, friction, levers
2 Mass: weight, centre of mass, balance, gravity
Geology

Especially when using a scenario, different geological content can
be integrated.

The word engineering derives from the Latin noun ‘INGENIUM',
which means gift, talent, aptitude, and ability, or the Latin verb
‘INGENERE' Or 'INGENERARE', which means to infuse, to implant, and
fo inspire. According to the Engineers’ Council for Professional
Development (1947), engineering is ‘the creative application of
scientific principles to design or develop structures, machines,
apparatus, or manufacturing processes, or works utilizihg them
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singly or in combination; or to construct or operate the same with
full cognizance of their design; or to forecast their behavior under
specific operating conditions; all as respects an intended function,
economics of operation and safety to life and property.’
Engineering can be understood as the application of science and
mathematics in order to create new technology. The Hungarian-
American mathematician, engineer and physicist Theodore von
Kdrmdn once said, ‘Scientists study the world as it is, engineers
create the world that never has been’ (American Society for
Engineering Education, 1970, p. 467). Thus, engineering provides a
practical link between all other STEM subjects and in addition to the
creative arts (Bjerklie, 1998).

When it comes to automata, mechanics, art and designing are the
most important topics.

physics

moshanics

<

Jesigaing )

locating } geology
o ey
counting machines

Figure 4: Related STEM subjects and content
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5 Key concepts for automata construction

When constructing automata, different mechanisms and power
sources can be considered. In the following, we present some
examples of the fundamental mechanical concepts.

5.1 Mechanisms

5.1.1 Levers

A lever is asimple machine, perhaps the simplest machine. It can
be used to move (often to lift) an object (called the load) because
it reduces the force (called the effort) that is needed to do
that. Archimedes once said, ‘Give me a lever long enough and a
fulcrum on which to place it, and | shall move the world’ (Handley,
Coon & Marshall, 2013, p. 76). Every lever consists of arigid body
(e.g. a beamor rod) that is pivoted at a fixed hinge (called
the fulcrum) so that it can be rotated around that fixed point.

Based on the location of the fulcrum, load, and effort, we can
distinguish three different types of levers.

Figure 5 shows a type 1 lever. It has the fulcrum between the load
and the effort.

ceffort load

1 : b

Figure 5: A type 1 lever

Usually, the load has a shorter distance to the fulcrum than the
effort. This allows moving a heavy load with a small force. Examples
are a crowbar, an oar, and scissors. On a seesaw, we can adjust
the distance on either side of the fulcrum in order to balance
different weights. For a classical beam balance, it is essential that
the distance is the same on both sides because we want the effort
(the standard weight that we use for measuring) to be the same as
the load (the unknown weight that we want to measure).

Figure 6 shows a type 2 lever. It has the load between the effort
and the fulcrum.
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Figure 6: A type 2 lever

The effort has a larger distance from the fulcrum than the load.
Therefore, the force needed to lift the load is smaller than the
weight of the load. Examples are a wheelbarrow, a nutcracker, a
bottle opener, and our Drawbridge, shown below.

X T

Figure 7: A drawbridge

AutoSTEM / 2018-1-PT01-KA201-047499

The project AutoSTEM has been funded with support from the European Commission. This document reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein.



Erasmus+

Figure 8 shows a type 3 lever. The effort is between the load and
the fulcrum.

load effort

i | I

fulcrum

Figure 8: A type 3 lever

Since the distance between the load and the fulcrum is larger than
the distance between the effort and the fulcrum, a stronger force is
needed to move the load. Thus, the aim of the type 3 lever is not to
decrease the force but to increase speed, the speed of the load.

5.1.2 Linkages

A linkage is a rigid element with a hinge at each end to connect it
to other elements. Linkages are used to link different elements
together and to fransfer motion from one place to another. There
are several different types of linkages.

Figure 9 shows a reverse motion linkage. If a linkage has a fixed
pivot point in the middle, one end moves in the opposite direction
than the other end.

<« motion .\)<— pivot
@ 4 fined pivot point

pivot —> Q/ motion > |
Figure 9: A reverse motion linkage

Figure 10 shows a parallel motion linkage. If two linkages have a
fixed pivot point each and are linked by a third linkage as shown in
the figure, they will always move parallel to each other. The motion
of the right rod has the same direction as the motion of the left rod.
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Figure 10: A parallel motion linkage

Figure 11 shows the linkage of the scissors arm that we used for the
Snapping Crocodile. It is a combination of the reverse motion and
the parallel motion linkage but has no fixed pivot points. When you
move the ends of the two rods on one side against each other, the
other side moves away (the arm stretches out) and the ends on the
other side move against each other, too (the crocodile snaps).

4

< motion

\—-) venoew

Figure 11: The linkage of the scissor arm

Figure 12: A scissors arm hippo
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Figure 13 shows a bell crank linkage. It is used to convert vertical
motion into horizontal or vice versa.

® <« vonow|

&= ﬂloﬁon ] ﬂ

Figure 13: A bell crank linkage

Figure 14 shows a crank and slider linkage. It is usually used to
convert rotary (rotational) motion into reciprocating (alternately
forward and backward) motion. In the figure, the shorter rod can
only rotate around the fixed pivot point. The longer rod moves
forwards and backwards in a slider.

<« motion -

Figure 14: A crank and slider linkage

Figure 15 shows the scissor lift that uses a slider linkage.
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Figure 15: The scissor lift uses a slider linkage

5.1.3 Cam

A cam provides another possibility fo convert rotary motion into
reciprocating motion of a follower. There are two main differences
between a crank and slider linkage and a cam.

1)

2)

A crank and slider linkage can create a reciprocating
motion in any direction (up and down, right and left, back
and forth). A cam with a follower usually creates only an up
and down motion because the follower has to be pushed
down on the cam by its weight. There is no linkage between
the cam and the follower.

A crank and slider can only create a homogeneous
reciprocating motion because the length of the rotating arm
is fixed. With a cam, we can create all kinds of
inhomogeneous up and down motions (e.g. slowly up and
fast down) by using cams of different shapes. The shape of
the cam is called the cam profile. Figure 16 shows various
cam profiles: a) eccentric, b) snail-shaped, c) egg-shaped,
d) elliptical, e) round, and f) hexagonal.
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Figure 16: Different cam profiles
Figure 17 shows the movement of an eccentric cam.

Q) 9)

@Mw t“@ﬂ 3

Figure 17: The movement of an eccentric cam

5.1.4 Friction drivers

A round, non-eccentric cam does not cause an up and down
motion, but it can be used as a friction driver. Figure 18 shows a
friction driver that converts rotary motion with a horizontal axis info
rotary motion with a vertical axis. The Dancing doll uses this
mechanism (see figure 19).
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Figure 18: A friction driver

Figure 19: The Dancing doll uses a friction driver

Figure 20 shows a friction driver with an eccentric cam. It creates
an interesting movement: The follower goes up and down while it
turns around.
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Figure 20: A friction driver with an eccentric cam

5.2 Power sources

There are several possibilities for power sources that make the
automata move. The simplest is that the children themselves
provide the power. They can do this by using a turning handle (e.g.
the Dancing doll and the Drawbridge) or a simple lever handle
(e.g. the Snapping Crocodile (scissors arm) and the Talking
Elephant).

A fun power source is elastic energy that can be stored in a rubber
band (e.g. the Eco-car 1 and the Always-come-back-machine), a
plastic straw (e.g. the Eco-car 2), or a spring. Our Drawbridge uses
a spring to pull it down again because gravity is not strong enough.
We can use gravity power as well if we increase the weight.

Figure 21: The Eco-car 2 uses the power of a plastic straw
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There are many different types of mechanisms that use gravity
power. When using a lever, the load will push it down as soon as we
stop applying the effort. If we coil a string around an axle and
aftach a mass to the other end, gravity will pull the mass
downwards, causing the string to unwind, and the axle to turn
around.

Water power that sets a turbine info motion is another type of
gravity power because it is gravity that maokes the water run
downwards. A turbine is used for wind power, too. The Wind Turbine
Race uses wind that is arfificially created by a hairdryer.

m:ﬁtﬁ .i

Figure 22: The Wind Turbine Race

The Balloon boat uses a jet engine, a different type of air power.

Figure 23: A balloon boat uses air power

AutoSTEM / 2018-1-PT01-KA201-047499

The project AutoSTEM has been funded with support from the European Commission. This document reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein.



Erasmus+

6 References

American Society for Engineering Education. (1970). Engineering Education.
Washington, DC: American Society for Engineering Education.

Bain, R. (1937). Technology and State Government. American Sociological
Review, 2(6), 860-874. DOI:10.2307/2084365.

Bjerklie, D. (1998). The Art of Renaissance Engineering. Technology Review 100(9),
54-59.

Bishop, A. J. (1988). Mathematics education in its cultural context. Educational
Studies in Mathematics, 19(2), 179-191.

Brostrom, S. (2017). A dynamic learning concept in early years’ education: a
possible way to prevent schoolification. International Journal of Early Years
Education, 25(1), 3-15. DOI:10.1080/09669760.2016.1270196.

Bruner, J. S. (1978). The role of dialogue in language acquisition. In A. Sinclair, R.,
J. Jarvelle, and W. J.M. Levelt (eds.) The Child's Concept of Language. New
York: Springer-Verlag.

Campbell, F. A., Pungello, E. P., Miller-Johnson, S., Burchinal, M. & Ramey, C. T.
(2001). The development of cognitive and academic abilities: Growth curves
from an early childhood educational experiment. Developmental
Psychology, 37(2), 231-242. DOI:10.1037//012-1649.37.2.231.

Carmichael, C., MacDonald, A., & McFarland-Piazza, L. (2014). Predictors of
numeracy performance in national testing programs: Insights from the
longitudinal study of Australian children. British Educational Research Journal,
40(4), 637-659.

Carr, M. & Lee, W. (2012). Learning stories: Constructing learner identities in early
education. Los Angeles: SAGE.

Chien, N. C., Howes, C., Burchinal, M., Pianta, R. C., Ritchie, S., Bryant, D. M.,
Clifford, R. M., Early, D. E. & Barbarin, O. A. (2010). Children’s classroom
engagement and school readiness gains in prekindergarten. Child
Development, 81(5), 1534-1549. DOI:10.1111/j.1467-8624.2010.01490 .x.

Clark, A. & Moss, P. (2011). Listening to young children: The mosaics approach
(2nd ed.). London: National Children’s Bureau.

Dewey, J. (1933). How we fthink: A restatement of the relation of reflective
thinking to the educative process. Lexington, MA: DC Heath.

Duncan, G. J., Dowsett, C. J., Claessens, A., Magnuson, K., & Huston, A. C. (2007).
School readiness and later achievement. Developmental Psychology, 43(6),
1428-1446.

Engineers’ Council for Professional Development. (1947). Canons of ethics for
engineers. New York: Engineers' Council for Professional Development.

European Commission. (2007). EUR22845 — Science education now: A renewed
pedagogy for the future of Europe. Luxembourg: Office for Official
Publications of the European Communities. Retrieved from

AutoSTEM / 2018-1-PT01-KA201-047499

The project AutoSTEM has been funded with support from the European Commission. This document reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein.



https://www.eesc.europda.eu/sites/default/files/resources/docs/rapportrocar
dfinal.pdf.

European Schoolnet (2018). Science, technology, engineering and mathematics
education policies in Europe. Scientix Observatory report. Brussels: European
Schoolnet.

Frébel, F. W. (1887). The Education of Man. New York: Appleton.

Geary, D. C., Hoard, M. K., Nugent, L., & Bailey, D. H. (2013). Adolescents’
functional numeracy is predicted by their school entry number system
knowledge. PLOS ONE, 8(1). e54651. Retrieved from:
http://journals.plos.org/plosone/article2id=10.1371/journal.pone.0054651.

Geller, C., Neumann, K., Boone, W. J., & Fischer, H. E. (2014). What makes the
Finnish different in science? Assessing and comparing sfudents’ science
learning in three countries. International Journal of Science Education, 36(18),
3042-3066.

Gunnestad, A. (2019). Didaktikk for barnehagelcerere: en innfgring (2nd ed.).
Oslo: Universitetsforlaget

Hadzigeorgiou, Y. (2002). A study of the development of the concept of
mechanical stability in preschool children. Research in Science Education,
32(3), 373-391.

Han, M., Moore, N., Vukelich, C., & Buell, M. (2010). Does play make a
difference? Effects of play intervention on at-risk preschoolers’ vocabulary
learning. American Journal of Play, 3(1), 82-105.

Handley, B., Coon, C., & Marshall, D. M. (2013). Principles of Engineering. Delmar:
Cengage Learning.

Hedges, H. & Cooper, M. (2018). Relational play-based pedagogy: theorising a
core practice in early childhood education. Teachers and Teaching, 24(4),
369-383.

Honomichl, R. D. & Chen, Z. (2012). The role of guidance in children’s discovery
learning. Wiley Interdisciplinary Reviews: Cognitive Science, 3(6), 615-622.
doi:10.1002/wcs.1199.

Krathwohl, D. R. (2002). A Revision of Bloom’'s Taxonomy: An Overview. Theory
Into Practice 41(4), 212-218.

Lewis, J. P. (2000). The Project Manager's Desk Reference: A Comprehensive
Guide to Project Planning, Scheduling, Evaluation, and Systems. Boston, MA:
McGraw-Hill.

Ministry of Education and Research (2017). Framework plan for kindergartens
content and tasks. Oslo: Ministry of Education and Research. Retrieved from
https://www.udir.no/globalassets/filer/barnehage/rammeplan/framework-
plan-for-kindergartens2-2017.pdf.

OECD (2006). Starting Strong Il. Early Childhood Education and Care. Paris:
OECD.

AutoSTEM / 2018-1-PT01-KA201-047499

The project AutoSTEM has been funded with support from the European Commission. This document reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein.



Erasmus+

Pyle, A. & Danniels, E. (2017). A Continuum of Play-Based Learning: The role of the
teacher in play-based pedagogy and the fear of hijacking play. Early
Education and Development, 28(3), 274-289.

Rosicka, C. (2016). Translating STEM education research into practice.
Camberwell, AU: Australian Council for Educational Research. Retrieved from
https://research.acer.edu.au/cgi/viewcontent.cgigarticle=1010&context=pro
fessional dev.

Sanders, M. (2009). STEM, STEM Education, STEMmania. The Technology Teacher
68(4), 20-26. Retrieved from
https://viechworks.lib.vi.edu/bitstream/handle/109219/51616/STEMmania.pdf.

Schleicher, A. (ed.) (2012). Preparing teachers and developing school leaders for
the 21st century: Lessons from around the world. International Summit on the
Teaching Profession, OECD Publishing, Paris.

Stipek, D., Feiler, R., Daniels, D. & Milburn, S. (1995). Effects of different
instructional approaches on young children’s achievement and motivation.
Child Development, 66(1), 209-223. DOI:10.2307/1131201.

Van der Veer, R. & Valsiner, J. (1991). Understanding Vygotsky. Oxford: Basil
Blackwell.

Vygotsky, L. S. (1978). Mind in Society. The Development of Higher Psychological
Processes. Edited by M. Cole. Cambridge: Harvard University Press.

Weisberg, D. S., Hirsh-Pasek, K., Golinkoff, R. M., Kittredge, A. K. & Klahr, D. (2016).
Guided Play: Principles and Practices. Current Directions in Psychological
Science, 25(3), 177-182. DOI: 10.1177/0963721416645512.

Wood, D. J., Bruner, J. S., & Ross, G. (1976). The role of tutoring in problem solving.
Journal of Child Psychiatry and Psychology, 17(2), 89-100.

AutoSTEM / 2018-1-PT01-KA201-047499

The project AutoSTEM has been funded with support from the European Commission. This document reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein.



7 Content

1
2

6
7

INFFOAUCTION ...ttt ee s sar e s e e s nssssanasene 2
AUtoMAA FOr STEM ......ciiiiiiiiiiiiiiiiieirterrt st reseses st s s ssesesasesessasssassssasese 3
2.1 Learning through AUTOMQOTQ...cccuuiiieiiiie ettt e 3
2.2 STEM ettt ettt et ettt et ettt et e bt et e et e e enteeebaeeeaees 3
Theoretical framMEWOTIK ..........cuiieiieriinciiecrtenrerceeecsrerereesssseessseesesenssssnesssassssnns 6
3.1 Play-based PEAAGOGY ..uuueiieiieiiiiieee ettt e et e et e e e e eaaraaee s 6
3.2 GUIAEA PIAY .cuiiiiitieie et e e e e e e e e earaeas 6
The pedagogiCal CONCEPL ...ttt caee e e s saee e e s s sanaeaas 8
4.1 Stepstoimplement AUTOSTEM ........ooo oo 8
4.2 ChilAren's ACHVITIES....uiiiieeeie ettt ettt ettt bee et seae e s neeeeaees 1%
4.2.1  Observing and analysing an automaton........ccccceeeeeereeceeseeceeseeeene 9
4.2.2 Projecting their own AufOMATQ ..c.eiiciiciicieeeceeeeeeee e 9
42.3 Experiencing STEM contfent while constructing the automata............. 9
4.2.4  Playing with the automMATQ......ciiieeeee e 9
42.5 Reflecting on the work developed .......iecieciieiiceeeeeeeeeee 10
4.3 THE TEACKNEIS FOIE ..ueeiieiiieeeeee ettt et e e stee e e et eeeeaes 10
4.3.1 Identifying children’s Zone of Proximal Development..........cccoeueun.... 10
4.3.2 Choosing learning ObjeCHVES ...t 10
4.3.3  Planning the ACHVITY .ot 11
4.3.4 Scaffolding the production of the automata .......ccccveeveciieciciicniene. 12
4.3.5 Link the construction process to STEM content or other subjects....... 12
4.3.6 Working with a SCENANO OF STOTY ....iciieiieiiciecieeeee et 12
4.3.7 Collecting fFEedDACK ......c.iccuieiieiieeeeeeeeeeeee et 13
4.4 Aninterdisciplinary approach to learn STEM through automata.............. 13
441 TECNNOIOGY ciitiitieiieitete ettt ettt ettt ettt e e te e b e b e eavaeabeesseensaensean 14
442 MOTNEMATICS ottt sttt 14
4.4.3  BiOlOQY/ZOOIOTY .eteviiiriieiieienieeiteteste ettt sttt ettt sttt s 15
A48 PRIYSICS weiiieieeteeteete et ecteeteeteeteeteeteeteeteeaeeabeeabeetseateeabeeteenteeabsenteereenrean 15
445 GEOIOQY weietiieiiiiciiieeite ettt et et e et e e tae e s be e s be e ebaeenbaeestbaesbaeebeeebaeensraaas 15
44,6 ENQINEENNG .ottt ettt ettt ettt e et e eeteeeteeteetseveeasseabeentseseensean 15
Key concepts for automata construction ...........ccccceiiiiiiiiiiiiniiiieccceeeee 17
T Y 1Yol ol [ o TR] 2/ USSR RUPRRIPRRRI 17
G101 LBVEIS ettt st st st st st st st 17
5. 1.2 LINKOGES coeviiieeeeeeeete ettt ettt sttt ettt s e s e e s e e saaessbessaessaesnsesnnenns 19
5.1.3  COM ettt sttt sttt st et sbe b nean 22
5.1.4  FrICHON AIIVELS ..ottt sttt sttt s eaees 23
5.2 POWET SOUICES.....eieeiie et eiee et ette ettt et e st e sttt e e sateesbeeesabeesnteesnteesneeenns 25
REFEIENCES ...ttt st sse s sas e s assssassssanasene 27
CONTENT ...ttt e s er e s s s er e s e s s an e s s s s san e s s s s sanesessananens 30

AutoSTEM / 2018-1-PT01-KA201-047499

The project AutoSTEM has been funded with support from the European Commission. This document reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein.



Erasmus+

AutoSTEM / 2018-1-PT01-KA201-047499

The project AutoSTEM has been funded with support from the European Commission. This document reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein.



Project partners

Kindersite

)

7%
(&

Limited

£
‘ s ‘ QueenMaudUniversityCollege

OF EARLY CHILDHOOD EDUCATION

Associated partners

ESCOLA A

SUPERIOR DE E EUGENIO DE CASTRO .

EDUCACAO inerva

REPUBLICA
DECOIMBRA %¥ PORTUGUESA

o ‘CHNTRO D FORMAGAD OA ABSOCIACAD OF KBCOLAS

AutoSTEM / 2018-1-PT01-KA201-047499

Eureka

ASROCAZ|ONE

DEPARTAMENTO

DE ENGENHARIA CIVIL
UNIVERSIDADE

DE COIMBRA

AutaSTEM

The project AutoSTEM has been funded with support from the European Commission. This document reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein.



