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Introduction

The importance of STEM (Science, Technology, Engineering, and Math) skills becomes
obvious since recent conceptualisations of literacy development encapsulate attaining and
interrogating notions of science, technology, engineering, and math in addition to having highly
developed media and computer skills. By integrating STEM concepts into literary narratives,
children can better understand their external reality while improving their literacy skills, mainly
because they lead storied lives and dwell upon both nonfiction and fictional stories more as
they grow older.

This guidebook aims to provide teachers and writers with the tools and strategies to develop
their own engaging and effective STEM-infused stories for children between 6 and 12 years
of age. By following the guidelines in this guidebook, writers can create stories that capture
children's imaginations and help them learn about important STEM concepts.

Thisguidebook will covervariousapplicableideasfordeveloping STEM-infused stories, including
identifying and incorporating STEM concepts, creating engaging characters and plotlines, and
using storytelling techniques to engage effectively in content-based instruction. Additionally,
this guidebook will provide examples of stories and offer practical exercises and activities to
help practitioners improve their skills as course developers.

Overall, this guidebook aims to inspire autonomous practitioners to create stories for young
readers while fostering a love of reading and writing about their world using STEM concepts.




CONTENTS

Module 1. Introduction 4
1.1 WAt iS STEM?..ucniiiiiiiniininitnicnnintnicsststisesstsstsssesstsstessssstsssessesstssssssssstsssessssssssssssssstsssssssssssssessns 4
1.2. How should STEM education be defined? ........coueiireiiiiiiiiiniiiiiieeinceccneeccnnee e 4
1.3. Why do countries apply STEM @dUCAIONT .....ccccieiierrrreeeeiieieercneeeeeeeccccsrnneeesescssssssnnesssssssssssnnnnssssssses 5
1.4. Benefits 0f STEM @dUCALtION.......uciiuiiiiiiiiiiiiiiinitcieintenieciecneessaresseesssessseessssessssssssassssassonsnes 6
1.5. Why are STEM concepts important for children to 1€arn?...........eeeiiieiiiivrcnneiiiiciinsnnneeeninscssssssnsesssssces 7
1.6. Examples of STEM concepts to iNTrodUCE .....cciiiiviiiineiiiiiiiiieeetitienineeeetieessseseessessesssnsssesssssns 7

LET'S DIG DEEP = Tttt ettt sttt sae st st s b s bt st s e e s b sne st e s saesne e 8

Module 2. STEM Concepts to Teach Literacy Skills 10
2.1. Examples of STEM presentation through StOries .........cciiieieirrrcveeiiiierinnrnnneeiiieeesssscnneeeseesssssssnnsssnnes 10
2.2. ldeas for Character Development: Prominent Scientists in the World ...........crrcccccnnenne 12
2.3. Notable characters in fOlKIOre..........cuuueiiiieeiiiiieiiiieciictctncee et saee s ssee s sasee s saneeses 15
2.4. Notable historiCal SETHNGS ......eeeeeeeeeteeeeeeeeeeessssssesssssssssssssssssssssssssssssnne 17

LET'S DIG DEEP = 2.ttt esteetesaesssteestesaesas st sssaessaesnsssntesaesaessnsssnsesnness 18

Module 3. How to Incorporate STEM Concepts into Stories 21
3.1. Content-Based Instruction and Stories to Teach STEM ........coiieiiniiiniiiiniiinsiinnieinnnenneennneeennee 21
3.2. Example TeXtS t0 TEACK ...cccvveiiiiiiiiiteititenteetttircn ettt ssesassees s s s sassseessesssssssssssssssens 24

LET'S DIGDEEP =3 .ottt sttt st et e b st st e a e s b s sbt st e s aesbesmtassaesmnes 25

Module 4. How to Write Stories to Teach STEM Concepts 27
4.1, Literary ASPECES Of STOMIES .cccccivrvceeiiiiiiiiiinetttiiieeiinnneetiessesssssnnssssssssssssssnsssssssssssssnssssssssssssssansssssss 27
4.2. Literary terms to be used while Writing @ STOry ......ccoueiivniiiiiiiiiniiineiceeccec e 29
4.3. How to Produce an Intriguing and Creative Story and Learn .........ceeeeveeeeiiineeennnneeecinneccncsneene 31
4.4, Analysis Of @ SAMPIE SOOIt STOIY....eiiiiiiiiirrreeeeieeecerrcrreeeeeeeecesssnnneeeesesssssssnseesssssssssssnnssssssssssssssnnsaaass 32
4.5, Creative Prompts to be Developed into StOreS ..o eeeiiiiiieirrrcneeiiiierccnrcnneettesessssscnneeesssssssssnnssssnes 35
4.6, Let's thiNK Of @ STOIY: ...eeeeiiiiiiiieeiiiiiieinnetieiiiecninnnsttisssssssssnsssssssssssssssssssssssssssssessssssssssssssssnsssssss 36
4.7. Language Level Appropriacy in STOMES....cccuueiiiiieiirineiiniiieticiiecicnneecncaeecsessecessssseesssssecsssseeees 40

Module 5. Gender and Ecology Education for Children 44
5.1. Sex and Gender in Early EQUCAtION ........euuueeiiiiiiiiiirreeieieieennnneeeeeesccssssnnneeeessssssssnnnsesssssssssssnnnassssens L4
5.2. Ecology and Sustainable Thinking in Early EAUCAtiON.....cccccvvvuiiiiiiiiiirrnnnneeiieencnrrnneeesseecssscsnnsesssssscses 46

Module 6. Improving Learners’ Reading and Writing Skills through Stories of STEM Content .....51

6.1.1. Pre-Reading Stage......ccoouiiiiiiiiiitiiitiiiiect ittt aane 51
B.1.2. While-ReadiNg STage...cccciiiiiiiiiiiiiiiiiiiiiieeeieeteeeeeeeeeeeneseeaaeeaaeeasseessssssssssssssssssassssssassaasaaaanaes 52
B.1.3. POSt-REAIING StAGE ceiiiiieeeiirieeiieiieeecerreeceeeesesessanreeeeeeesesssssssseneseeessssssssssssesasesessssssssnnsenaes 52
6.2. SAMPIE APPHCALIONS ceeviiiiiiiieeeiiiiiiiiiirnneettiieeisisennnettssssssssssnsssssssssssssnsssssssssssssssnssssssssssssssnssssssssssss 53

I B ]G o 57







Module 1. Introduction

Module 1. Introduction
Oguzhan ATABEK, PhD

1.1. What is STEM?

STEMisanacronymandanumbrellatermthat stands for Science, Technology, Engineering, and
Mathematics. These four words were put together for the purpose of educational policymaking,
curriculum development, and workforce training. Curiously, “Engineering” and “Mathematics”,
which come after the word “Science,” are already scientific disciplines in their own right, while
“Technology” is not a scientific discipline. Hence, spelling out the expansion of the acronym
leads to a counter-intuitive result.

Thisambiguity stemsfromthe fact that science can be philosophically conceptualizedin various
ways. In the Post-Sputnik Era, which began in the 1950s with the launch of the Soviet Union’s
Sputnik satellite, the word “science” was primarily associated with basic natural sciences such
as physics, chemistry, biology, and, in addition, engineering. Although mathematics is mainly
considered a scientific discipline within the family of formal sciences today, it was considered a
somewhat different field back then. Social sciences, humanities, and fine arts studies were not
seen by the vast majority of academia as “true” scientific disciplines. However, these disciplines
were thriving. Thus, when technology (corresponding to the T in STEM) was required as a
response to the launch of Sputnik, a highly economical conceptualization of science-related
education that would resultin the rapid development of spacecraft was formulated. As aresult,
the acronym STEM emerged in the United States of America (USA) as the core concept of an
educational policy aimed at developing the workforce that would work in the development
of tangible, physicalistic vehicles such as spacecraft (Gonzalez & Kuenzi, 2014; Kulakoglu &
Kondakci, 2023). In this arrangement, the emphasis was on understanding science in a way that
would result in more engineering and technology. Science and Mathematics were considered
necessary elements of an Engineering process that would result in the development of
Technology.

On the other hand, the admirable technological achievements of the USA in space and other
fields have not prevented the evolution of the meanings of the words science and technology.
Today, the meaning of the word 'science’ encompasses basic natural sciences such as physics,
chemistry, and biology; applied sciences such as engineering as well as social sciences such as
psychology and educational sciences; humanities such as history, fine arts studies, and formal
sciences such as mathematics. Remarkably, technology is also seen as a tool that can exist in
both object(hard, i.e., natural and physicalistic)and process(soft, i.e., psychological and social)
forms.

1.2. How should STEM education be defined?

As a reflection of these changes in science, technology, and culture, some institutions and
researchers today define “S" in STEM to include social sciences and humanities as well. New
abbreviations were also suggested and are being used, such as SHTEAM (science, Humanities,
technology, engineering, arts, and mathematics), STEEM (science, technology, engineering,
Economics, and mathematics), and STEMM (science, technology, engineering, mathematics,
and Medicine). On the other hand, SHAPE (Social Sciences, Humanities and the Arts for
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People and the Economy) and HEAL (health, education, administration, and literacy) were also
suggested and are being used as counterparts for STEM.

Thedevelopment of the meanings of STEMand related abbreviations shows that the educational
policyandinstructional programthat society needsforscientificandtechnologicaldevelopment
ismore important than the historical meaning of this abbreviation. As a result of this pragmatic
context, currently, there is no agreed-upon definition of STEM education (Martin-Paez et al.,
2019). In this permissive context, nations can design and develop STEM education programs
according to their needs.

For example, the US, which has a S660 billion entertainment industry, can include performing
arts in STEM education. Home to a £278 billion financial services sector (12% of its national
economy), the UK could include finance in its STEM curriculum. Portugal may highlight
international relations based on its advantageous geographical position. France and Italy, the
most mentioned countries in the field of aesthetics, can make design and visual arts a part of
STEM education. As the bearer of Classical Antiquity’s legacy, Greece can employ linguistics
and art history to contribute to its national economic development. From the beginning, STEM
has meant the educational program that would develop the workforce needed to make the
breakthrough society needed.

Therefore, instead of atechnological development perspective limited to mathematics, physics,
chemistry, and biology, a STEM approach that looks to the future and sets out from current
social, economic, and cultural conditions may be more beneficial. This change of perspective is
already taking place. For example, the European Institute of Innovation and Technology states
that the objective of their study “is to present policy options for the use of taxation and labour
market intervention in view of emerging developments in industrial digital platforms, Al and
related technologies, and analyse how these options may impact economic growth and social
cohesion ..." in its EIT Digital support program, which it carries out within the framework of
scientific research projects (EIT Digital, 2023, p. 4). As can be seen, there has been a transition
from an understanding in which societies are organized through national programs to develop
technology to a new understanding in which the most advanced technologies are used to
create positive change in society.

1.3. Why do countries apply STEM education?

Afterobservingthesuccessofthe USA, manycountriesadoptedthe STEMeducation formulated
by the USA as an educational policy in order to get similar results. The following reasons have
been reported as the reasons for implementing STEM education in various countries (Widya &
Laila Rahmi, 2019, p. 3):

« To solve the problems of low scores on international assessments such as TIMMS and
PISA

+ The decreasing number of students who want to have a job related to science and
technology

« Toincrease math and science performance of some countries’ students in international
comparisons

- Toincrease graduates related to science and mathematics, many are taught by teachers
lacking adequate subject matter knowledge
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As the shortlist shows, governments often address STEM education for results-oriented
reasons. Ismail (2018, p. 3) also lists economic justifications for STEM education:

« STEM educationis proposed as aresponse to depressed economies

« Mass secondary education is perceived as necessary for developing human capital to
facilitate industrial development and modernisation of the economy

« STEM canimprove competitiveness in the global economy

« Curbing unemployment, which arises because workers do not have the skills required by
employers:

« Thechangingjobrequirements which arise from developmentsininformation technology

1.4. Benefits of STEM education

As can be exemplified by the success of the USA in space technologies, STEM education is
found to be beneficial (Gonzalez & Kuenzi, 2014). However, the inclusion of the USA's STEM
education program in the education programs of other nations may cause problems (Kulakoglu
& Kondakci, 2023). The benefits of STEM education can be achieved by considering the nation's
social, cultural, and economic conditions.

As a result of their review of the literature, Martin-Paez et al. (2019, p. 812) categorically
summarize the benefits of STEM education as shown in Table 1:

Table 1. Benefits of STEM education for students (Martin-Pdez et al., 2019, p. 812).

Cognitive benefits Boosts academic performance
Improves ability to apply STEM knowledge
Enriches disciplinary STEM knowledge

Connects STEM disciplinary knowledge

Procedural benefits Increases technological skills
Develops creativity

Allows the accumulation of practical experience

Attitudinal benefits Encourages taking of STEM degrees

Predisposes students for learning thanks to the solving of prob-
lems, the use of technology and cooperation

Promotes emotional commitment to STEM subjects, affecting cog-
nitive and behavioural aspects

Increases interest in and curiosity towards STEM subjects

Encourages positive attitudes towards STEM disciplines
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In addition, Ismail (2018) also summarizes the economic benefits of STEM education:

« Improving professional development

« Meeting workplace demands

« STEM education for sustainable work

« Innovative models of secondary education

« Domestic development

1.5. Why are STEM concepts important for children to learn?

It was shown“thatachievingahighereducation STEMdegreeincreasesanindividual's probability
of becoming an inventor significantly” (Aghion et al., 2017, p. 39). However, there may be ways
to bring out the innovative capabilities of individuals before higher education, and therefore
more economically. Harvard University-based research and policy institute Opportunity
Insights reported that “exposure to innovation during childhood has significant causal effects
on children’s propensities to invent” (Bell et al., 2019, p. 647). They stated that even “[c]hildren
whose families move to a high-innovation area when they are young are more likely to become
inventors”(p. 647). As aresult of rigorous analysis of the data of 1.2 million inventors from patent
records, they have demonstrated very strongly that exposure to innovation during childhood is
the strongest predictor of being an inventor.

Since innovation is the key to success in creating positive change in society, an educational
program that children will experience at the K12 level and that can bring out their innovative
talents would be the best conceivable way to achieve this. Creativity and innovation are
considered to be the skills for the 21st century. Those skills associated with innovative
individuals overlap with the cognitive and procedural benefits of STEM education (as shown in
Table 1). Therefore, providing STEM education to children during their primary and secondary
education can help build a workforce with innovative abilities—a workforce of individuals with
innovative abilities that will positively impact society.

Children are born as scientists who wonder about the surrounding objects and the events
happening around them (Alan, 2020). Exposure to STEM education provides children with a
foundation for lifelong learning for all the issues they are curious about and want to learn. By
understanding the basics of science, technology, engineering, and mathematics, children may
be better equipped to navigate the world around them and to pursue advanced studies in these
fields if they choose to do so.

STEM concepts are presentin children's everyday lives, often in ways they may not even realize.
For example, understanding the weather and how it works involves concepts from science,
such as atmospheric pressure and cloud formation. Using computers, smartphones, and other
devices to communicate and learn requires understanding technology. Building structures
with blocks or Legos, designing bridges, and constructing simple machines are examples of
engineering concepts that children may encounter in their play. Counting, measuring, and
working with shapes and patterns are all basic math skills that are part of children's daily lives.

1.6. Examples of STEM concepts to introduce

Here are some STEM concepts that can be introduced to students within this age span:
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1. Basic scientific inquiry: Teach them the scientific method and encourage them to ask
questions, make observations, and conduct simple experiments. Topics could include the
states of matter, gravity, magnets, and basic life sciences.

2. Simple machines: Introduce the concepts of levers, pulleys, wheels, and axles. Students
can explore how these machines work and how they make tasks more manageable.

3. Geometry: Teach basic geometric shapes, such as squares, circles, triangles, and
rectangles. Students can learn about the properties of shapes, symmetry, and patterns.

4. Measurement: Introduce units of measurement such as length, weight, and volume.
Teach students how to use basic measuring tools like rulers, scales, and measuring cups.

5. Environmental science: Teach students about ecosystems, the importance of recycling,
and the conservation of natural resources. They can learn about animals, plants, and the
environment around them.

6. Astronomy: Spark their interest in space exploration and teach them about the solar
system, the moon, and basic concepts like day and night.

LET'S DIG DEEP -1

What might be the other subjects to teach STEM to children? Fill out the table below with your
suggestions:

Al.1-Beginner Level |Al.2-BasicLevel - A2 Level - Basic Level
Elementary Proficiency
Science « ldentifyingcommon [« Biographies of famous
illnesses scientists
» Sports activities « Wild animals that are

« Howto he|p animals now extinct

« Making predictions
about future events

o Weather conditions
and emotions

Technology |- Simple gadgets « Making predictions

» Electrical devices at about future technology

home « Designing a website

Engineering |- Identifyingdifferent |+ Designing a city map
buildings

Mathematics |+ Counting « Reading graphics
« Simple calculations |« Readingtimetables

« Labelling « Making comparisons
between two things
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Module 2. STEM Concepts to Teach Literacy Skills
Merve PEKOZ and Mustafa ERTURK, PhD

Primary and secondary school students between the ages of 6 and 12 are at a crucial stage of
cognitive development. As Piaget's Concrete Operational Stage offers how children commence
developing logical thinking skills during this phase, exposing sufficient learning environments
that foster their curiosity, critical thinking, and problem-solving abilities can be beneficial for
the process of cognitive development. Introducing STEM (Science, Technology, Engineering,
and Mathematics) concepts can enhance literacy skills, which are crucial for understanding,
interpreting, expressing, and navigating their world knowledge.

2.1. Examples of STEM presentation through stories™

Presenting STEM(Science, Technology, Engineering, and Mathematics) topics to children aged
6 to 12 through texts and stories can be an effective and engaging way to spark their curiosity
and interest in these subjects. Here are some examples of storylines on biology:

“The Adventure of Leafy the Seed”: Storyline: Follow Leafy, atiny seed, asit embarks onagrand
journey through the seasons. Children will learn about the life cycle of plants, from germination
to maturity, and how they contribute to the ecosystem.

“A Home for Spot the Sea Turtle”: Storyline: Join Spot the Sea Turtle on her journey from a tiny
hatchling to a majestic ocean traveller. Children will learn about the life cycle of sea turtles, the
challenges they face, and the importance of marine conservation.

Below, you will find a story about a little girl and her grandfather’s apple tree to teach the life
cycle of an apple tree that grows out of a seed and produces fruit:

“Anna’s Apple Tree": Storyline: Learn how to grow a new tree from Anna’s grandfather and join
Anna's experience of sowing apple seeds to deal with her grandfather’s loss and honour him.
Children will learn how plants and the weather change over the seasons and the parallel pattern
of life cycles of plants and humans. During your narration, you can cut a natural apple with a
knife to show the seeds inside (Smith & Pottle, 2015).

Here are some examples of storylines on Chemistry:

“The Fairy Godmother’s Day Off”: Storyline: Follow another version of Cinderella in which the
fairy godmother’s assistant and Cinderella try to pick the most proper material for the carriage
before Cinderella goes to the ball. Children will learn to choose the suitable material for the job
(Smith & Pottle, 2015).

“Death of a Pancake”: Storyline: Join the story of a pancake that jumps out of the frying pan and
runs away until a cunning fox eats him when he is asleep. Children will learn changing materials,
melting, solidifying, cooking, and changing shape through butter melting, pancake batter
cooking, iron softening, and jam setting. It also presents other changes, such as butter being
churned from cream through this fable (Smith & Pottle, 2015).

1 Smith, C., & Pottle, J.(2015). Science through stories: Teaching primary science with storytelling.
Hawthorn Press.
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“The Fossil Woman”: Storyline: Join the eldest daughter, Mary, on her journey from a small piece
of fossils and seashells collector for visitors in her hometown to a palaeontologist after finding
a huge skeleton buried in the cliff face. The children will learn about the fact that skeletons are
buried in sediment, which hardens over time and fossilizes over time, and these fossils tell us
about life on Earth millions of years ago (Smith & Pottle, 2015).

Here are some examples of storylines on Physics:

“The East and the West": Storyline: Follow the story of the Sun God who tries to help Easterners
and Westerners to have some sunshine. Children will learn the necessity of light to see and to
grow plants, the Earth's rotation causes day and night, and that the sun is in the centre of our
solar system and the Earth moves around it (Smith & Pottle, 2015).

“Little Rabbit Goes Home": Storyline: Join the story of a little rabbit who gets lost and meets
a duck, a bird, and a snail who give him poor advice on his way before an owl helps him learn to
use his abilities. Children will learn that the closer we get to the source of a sound, the louder
the sound; different species live in different habitats while also becoming more aware of self-
esteem and knowing one’s abilities (Smith & Pottle, 2015).

“The Torch”: Storyline: Join Tom’s story about who achieves to escape his enemies by using his
torch. When his torch runs out, Tom uses the reflector inside the torch to signal to the plane by
reflecting the moonlight. Children will learn about different light sources and light reflections
from shiny surfaces (Smith & Pottle, 2015).

Here are some examples of storylines on Engineering:

“The Lighthouse Keeper’s Son”: Storyline: Join the story of the book-loving son of a lighthouse
keeper who connects all the island’s lighthouses through a single electrical circuit, controlling
them through a single switch. Children will learn the necessity of a complete circuit for
electricity to flow. In the story, when the circuit is disrupted, all the components within that
circuit lose power. It presents two endings, one with separate circuits and generators and
another with lamps in parallel, providing different insights into electrical circuits. The emphasis
is on introducing the most straightforward circuit concept priorly, leaving room for exploring
other circuit variations later (Smith & Pottle, 2015).

“The Rocket”: Storyline: Follow the story of an elderly professor venturing into space. He
constructs his rocket but encounters a problem in space, leaving the story at a suspenseful
juncture that presents a challenge solvable through parallel circuits, encouraging children to
decide its conclusion. Children will learn to create circuits, add multiple components to a series
circuit to dim a bulb, and parallel circuits to save the professor’s life (Smith & Pottle, 2015).

“Bernie's Bridge": Storyline: Afarmer’s son, Bernie, must take care of sheepinaremote meadow
reachable only by a bridge. When the bridge collapses, Bernie needs to build a new one to bring
the sheep back home. The story enables children to put their endings on the table to save the
sheep. Children will learn about bridge design, how bridges are built, and how forces work on
different types of bridges that can be recreated in the classroom (Smith & Pottle, 2015).

Here is an example of a storyline on Astronomy:

“Apollo 13": Storyline: Join the story of the Apollo 13 mission, intended for a moon landing, but
it encountered oxygen tank damage, leading to the mission’s cancellation. The Ground Control
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support team collaboratively creates solutions for the crew’s safe return using the spacecraft’s
available resources. Children will learn about gravity and space travel (Smith & Pottle, 2015).

Here are some examples of storylines on Medicine:

“The Story of Edward Jenner”: Storyline: Dr. Edward Jenner, with the assistance of acourageous
young boy, alters the world by developing a vaccine against smallpox. Children will learn about
the scientific process of testing hypotheses, the ability of some germs to cause harm, and how
medicines can safeqguard us and promote our well-being (Smith & Pottle, 2015).

“The Broad Street Pump”: Storyline: Dr. Snow discovers cholera was spread through drinking
tainted water, not through breathingin dirty air, after tracing the source of acholera outbreak to
a single pump in London’s Soho neighbourhood. Children will learn about the scientific process
of gathering proof to validate a theory and the fact that certain germs can cause harm (Smith
& Pottle, 2015).

2.2. Ideas for Character Development: Prominent Scientists in the World

Introducing prominent scientists to students can inspire their curiosity and interest in science.
Here are some scientists who have made significant contributions and can be introduced to
primary and secondary school students:

Marie Curie

A pioneering physicist and chemist, Curie conducted groundbreaking research on radioactivity
and was the first woman to win a Nobel Prize. She pioneered research on uranium’s ability to
conduct electricity through air. In 1898, her research took an unexpected turn when Marie tested
Pitchblende, a dark mineral compound, producing a much stronger current than uranium.
This discovery led to the pursuit of new, unknown elements within Pitchblende. In April of the
same year, she submitted the existence of an element that is much more active than uranium.
Eventually, she isolated two elements: Polonium, named after Marie’s homeland, and Radium.
Over the next eight years, she focused on understanding radioactivity while isolating radium
from pitchblende. During World War |, she supervised the use of X-ray-equipped cars on the
front lines, rescuing lives.

Albert Einstein ®

Renowned for his theory of relativity, Albert Einstein revolutionized our understanding of space,
time, and energy. At the end of 1907, Einstein took a substantial step towards formulating the
general theory of relativity. In 1905, he published his Annus Mirabilis papers, which included

12 Wilson, H. A.(1935). The scientific work of Madame Curie. The Rice Institute Pamphlet-Rice University
Studies, 22(2).

Beckett, D.(2006). Obsessive genius: The inner world of Marie Curie. Physics Today, 59(1), 61-62.

Quinn, S.(2011). International year of chemistry 2011: A test of courage: Marie Curie and the 1911 Nobel Prize.
Clinical Chemistry, 57(4), 653-658. https://doi.org/10.1373/clinchem.2011.162172

13 Philipp, F.(1947). Einstein: His life and times. Pan Verlag.
Pais, A., & Goldberg, S.(1982). “Subtle is the Lord...": The science and the life of Albert Einstein. Oxford University
Press.

Isaacson, W.(2007). Einstein: His life and universe. Simon & Schuster.

12



Module 2. STEM Concepts to Teach Literacy Skills

groundbreaking work on the photoelectric effect, Brownian motion, special relativity, and the
equivalence of mass and energy (E=mc?). In 1905, Einstein published his theory of relativity,
which revolutionized our understanding of space and time. Special relativity also introduced
the concept that the speed of light is constant in all inertial frames of reference, leading to the
famous theory of time dilation and length contraction. In 1915, Einstein published his theory of
general relativity, which expanded on his special theory and described how gravity isa curvature
of spacetime caused by mass. Albert Einstein’s contributions to science and hislegacy continue
to have a profound impact on our understanding of the universe, and he remains aniconic figure
in the history of science.

Nikola Tesla:

Tesla was an inventor and electrical engineer who made noteworthy contributions to the
development of electrical engineering and many technological improvements. He worked on
alternating current (AC) electrical systems, wireless communication, and diverse inventions
that have had an enduring effect on the modern world. He designed the Tesla coil, a resonant
transformer circuit employed for generating high-voltage, low-current electricity. It is used
in radio transmission and various electrical devices, advancing the progress of wireless
communication. Tesla indicated the feasibility of wireless transmission of electrical energy.
He also designed the concept of the Tesla oscillator, a precursor to modern radio technology.
He also worked on X-rays and Radio waves. Tesla conducted experiments with X-rays and
contributed to understanding electromagnetic radiation and radio waves. He has notable
patents for varied devices and technologies, including electrical generators, lighting systems,
and turbines.

Leonardo da Vinci (1452-1519)

While primarily known as an artist, da Vinci was also an accomplished scientist, engineer,
and inventor. His studies and sketches explored various scientific fields. His substantial paint
famous works include “Mona Lisa”and “The Last Supper.” His curiosity for the natural world not
only made him a talented painter but also led him to become a scientist. He worked on human
and animal bodies to comprehend anatomy and physiology. After obtaining a comprehensive
understanding of diverse areas of science, he designed numerous prototypes for machines,
including flying machines, hydraulic systems, and innovative weaponry. He also focused on
engineeringand architectural projects, such as designing canals, fortifications, and city layouts.

Prof. Dr. Tirkan Saylan

Turkan Saylan (1935-2009) was a notable Turkish dermatologist, academic, and social activist.
Her exertion in fighting against leprosy in Turkey enhanced the lives of leprosy patients. She
established the Fight Against Lepra Association and Foundation. She was one of the founders
of the Turkish Association for the Prevention of Tuberculosis and Lung Diseases. She was also
passionate about establishing education and rehabilitation centres for children with disabilities.
Her belief about the importance of education and empowerment for women fostered her
endeavour to work on gender equality, women's education, and reproductive health rights.

14 Wells, F. C.(2013). The heart of Leonardo. Springer.
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Prof. Dr. Canan Dagdeviren™

Canan Dagdeviren is an engineer and materials scientist; Dagdeviren’s work involves the
development of flexible and wearable electronic devices for healthcare applications. Her
emphasis is on creating flexible and stretchable electronic devices that can be combined with
the human body for diverse applications, such as healthcare, human-computer interaction,
and communication. She aims to revolutionize wearable technology and accelerate new
chances for monitoring and enhancing human health. Relatedly, her invention of duoSkin is
a wearable health monitoring device that can be applied to the skin like a temporary tattoo.
It senses various physiological parameters, including body temperature and hydration levels,
while permitting user customization.

Aziz Sancar:

Aziz Sancar is a Nobel laureate in Chemistry; Sancar’s research focused on DNA repair
mechanisms and elucidating the molecular mechanisms of DNA damage and repair. Aziz
Sancar’s work advanced our understanding of how cells repair damaged DNA. His work plays
a crucial role in maintaining the integrity of genetic information and preventing mutations that
can lead to diseases, including cancer. It also enlightened the field of molecular mechanisms
underlying the repair of DNA damage caused by sun ultraviolet (UV) radiation, which is relevant
to the prevention and remedy of skin cancer. His studies impacted the fields of molecular
biology, genetics, and cancer research.

Antonio Egas Moniz ™

Moniz (1874-1955) was a Portuguese neurologist and professor of Medicine who worked in
neurology and forged a medical practice known as prefrontal lobotomy. He worked on brain
anatomy and the remedy of certain psychiatric conditions. His medical imaging technique, which
involvesinjectinga contrast agentinto blood vessels of the brainand then taking X-ray images and
cerebral angiography, had an impact on the diagnosis and treatment of neurological conditions.

Beatriz Angelo

Beatriz Angelo (1870-1953) was a Portuguese physician and women'’s rights advocate. She was
the first Portuguese woman to earn a medical degree and become a doctor. Angelo’s actions
resulted in legal changes that allowed women to vote in elections. She also emphasized
improving healthcare for women and children, specifically in maternity care, contributing
significantly to these fields in Portugal.

Antoni Gaudi "

Gaudi (1852-1926) was an architect well-known for his unique and creative style. Gaudi's iconic
works, including Sagrada Familia, were designed with kaleidoscopic mosaics. Hisimpact can be
seenin Barcelona's architecture in landmarks like Park Guell, Casa Batllo, and Casa Mila. Gaudi's
remarkable creations persist in delighting their artistic and structural innovation, making him a
prominent figure in the Art Nouveau movement.

15 https://www.media.mit.edu/people/canand/overview/

16 Egas Moniz: facts. (n.d.). The Nobel prize. Retrieved January 2, 2024, from
https://www.nobelprize.org/prizes/medicine/1949/moniz/facts/

17 Fatimah, S. A.(2023). Antoni Gaudi: Nature & Geometry (Doctoral dissertation).
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Isabel Zendal'™

Zendal (1773-1861) was a Spanish nurse known for her significant role in the Royal Philanthropic
Vaccine Expedition, led by Spanish physician Francisco Javier de Balmis in 1803. It aspired
to transport the smallpox vaccine to the Spanish colonies in the Americas and Asia to fight
the disease. The expedition worked to spread the smallpox vaccine across various Spanish
territories, contributing to the eventual eradication of smallpox in those regions. Zendal's
dedication to public health and vaccination contributed to the fight against infectious diseases
like smallpox.

Galileo Galilei ™

Galilei (1564-1642) was an Italian scientist known for his work with telescopes. He discovered
Jupiter’s four largest moons, observed Venus's phases, and noted sunspots, supporting the
heliocentric model of the solar system. His advocacy of heliocentrism caused a confrontation
with the Catholic Church. Galileo also contributed to mechanics, formulating the principle of
inertia and laying the foundation for modern physics.

Fibonacci 2°

Fibonacci, whose full name is Leonardo of Pisa, was an Italian mathematician from the Middle
Ages. He introduced the Hindu-Arabic numeral system to Europe and popularized Arabic
numerals (0-9) in Western mathematics. Fibonacci is also a well-known figure for his work on
a numerical sequence known as the Fibonacci sequence, where each number in the series is
the sum of the two preceding ones(e.g.,0,1,1,2, 3,5, 8,13, and so on). This sequence has many
mathematical and real-world applications, including in nature, art, and computer algorithms.
Fibonacci's book “Liber Abaci’, meaning The Book of Calculation, published in 1202, enabled
the dissemination of these mathematical concepts throughout Europe. His contributions
significantly influenced the development of mathematics in the Western world, making him a
prominent figure in the history of mathematics.

2.3. Notable characters in folklore

1. Nasreddin Hoca: Nasreddin Hoca, also known as Nasreddin Hodja, is a legendary figure in
Turkish folktales and anecdotes. He is often portrayed as a wise and witty
teacher, judge, or philosopher who lived in the 13th century. Nasreddin
Hoca's stories are humorous and usually contain a moral or a clever twist.
His tales often revolve around satirical observations of human nature,
social norms, and everyday life.

18 Who was Isabel Zendal? (n.d.). ASNH Isabel Zendal. Retrieved January 2, 2024,
from https://isabelzendal.co.uk/isabel/

19 Machamer, P., & Miller, D. M. (2005). Galileo Galilei. In E.N. Zalta(Ed.), The Stanford encyclopedia of
philosophy. https://plato.stanford.edu/entries/qgalileo/

20 King, C.(2013). Leonardo Fibonacci. In F.J. Swetz(Ed.), The European mathematical awakening:
Ajourney through the history of mathematics from 1000 to 1800 (pp. 33-41). Dover Publications.
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2. Keloglan: Keloglan is popular in Turkish folktales, mainly in
Anatolia. The name “Keloglan” translates to “bald boy” in Turkish.
Keloglan is depicted as a young, brave, and clever hero with
distinct physical features such as a bald head and blue eyes.
His stories often involve his encounters with various mythical
creatures, solving puzzles, and overcoming challenges through his
wit and resourcefulness. Keloglan's tales carry moral lessons and
emphasize the values of kindness, honesty, and perseverance.

Machamer, P., & Miller, D. M.(2021). Galileo Galilei. In E. N. Zalta(Ed.), The Stanford encyclopedia
of philosophy (Summer 2021 Edition). https://plato.stanford.edu/ archives/sum2021/entries/
galileo/. Accessed 12 Dec 2022.

3. Karagoz: Karag6z and Hacivat represent the tradition of
traditional Turkish shadow puppetry and its comedic theatrical
nature. A translucent screen is utilized for the puppetry, with
skilled puppeteers controlling the characters and providing their
voices.

Karagdz, the main character of this shadow puppetry, is a witty
character who embodies humour and quick-thinking despite being
illiterate. Conversely, Hacivat is a sophisticated and educated
man respected by society. Besides the side characters, the show
mainly consists of the playful conversations of these two characters.

Karagoz and Hacivat shed light on social life and situations of its contemporary years through
humorous, witty talks filled with puns, wordplay, and humour. While entertaining its audience,
it also holds a pattern of satire. Thus, puppeteers and cultural organizations persist in passing
this art form to new generations.

4. Pinocchio™

In the realm of Italian children’s literature, The Adventures of Pinocchio played a pivotal role
in shifting the narrative landscape. It steered away from the explicit moral teachings of its
time, opting for a blend of comedy and reduced adult intervention. Italy commemorated the
centenary of itsinitial release with a two-year celebration, highlighting Pinocchio'siconic status
in contemporary popular culture. This celebration spurred various forms of artistic expression,
including merchandising, stage adaptations, films, and numerous reissues of the timeless
tale. Consequently, Collodi's marionette protagonist stands out as one of the most frequently
reproduced charactersin children’s literature.

5. Don Quixote™

Don Quixote, authored by Miguel de Cervantes, is a significant Spanish epic novel initially
released in two instalments in 1605 and 1615. Regarded as a foundational piece in Western
literature, it is frequently hailed as the inaugural modern novel and one of the most exceptional

1 https://www.encyclopedia.com/children/academic-and-educational-journals/pinocchio-carlo-collodi
12 https://www.britannica.com/topic/Don-Quixote-novel
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works ever crafted. Originally conceived as a satirical take on the prevalent chivalric romances
of its time, the novel authentically portrays the experiences of an ageing knight. Bewildered by
the tales he reads, this knight embarks on a quest for adventure atop his aged steed Rocinante,
accompanied by his down-to-earth squire, Sancho Panza.

6. Adamastor

He emerges as a mythological figure conceived by the Portuguese poet Luis de Camades in
his epic poem “Os Lusiadas.” In this literary creation, Adamastor serves as the personification
of the Cape of Good Hope, embodying the perils of the sea and the formidable natural forces
confronted and eventually conquered by the Portuguese during the Age of Discovery.

2.4. Notable historical settings
1. Gevher Nesibe Madrasah®

The Sultan of the Anatolian Seljuk State, |. Giyaseddin Keyhusrev, commenced construction of
Gevher Nesibe madrasah in 1204 upon the testament of his sister Gevher Nesibe. The structure
consists of a medical school, a hospital (Tr. sifahane), and a mental hospital (Tr. bimarhane).
Gevher Nesibe Medrese is renowned for being Anatolia’s first practical medical school. It is also
called the “Twin Medrese.” In the mental hospital, patients were cured through water and music
therapy. Nowadays, the building serves as the Seljuk Civilization Museum, where all characte-
ristics of the Seljuk culture are observable. The building, including a hospital and a madrasah,
pursues the characteristic Seljuk architectural plan with four iwans and open courtyards. The
crown gate of the hospital proves Seljuk’s stone craftsmanship.

2. Belém Tower'

Belém Tower, located in Lisbon, Portugal, was built during the 16th century. It is now a UNES-
CO World Heritage Site. This tower enhanced Portugal’'s maritime and exploratory endeavours
during the Age of Discovery. The tower’s remarkable Manueline architecture features elaborate
stone carvings and intricate designs. Portuguese explorers like Vasco da Gama utilised it as a
reference point, relying on astronomy, mathematics, and celestial navigation for their voyages.
Belém Tower shows the blend of art and science, making it an enchanting symbol of historical
and architectural achievement.

3. Park Giiell

Park Guell, located in Barcelona, Spain, is a prominent public park designed by architect Antoni
Gaudi. It features colourful architecture, intricate mosaics, and a serpentine bench with
panoramic views. Gaudi's designs combine natural elements with art, and the park’s gardens
and landscaping conform with the structures. Park Guell is a UNESCO World Heritage Site,
showcasing the integration of architecture and nature in a stunning landscape.

4. The Colosseum

It is also known as the Flavian Amphitheatre, an ancient Roman theatre in the centre of Rome,
Italy. It is one of the most famous instances of Roman engineering and architecture. The Co-

13 https://www.kayseri.bel.tr/kesfet-listeleme/gevher-nesibe-medresesi-turbesi-ve-cesmesi

14 https://www.corinthia.com/lisbon/discover-lisbon/the-maritime-history-of-lisbon-sights-to-explore/
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losseum was employed for various forms of entertainment and could house tens of thousands
of spectators for events, including gladiator contests and animal hunts. Today, the symbol of
ancient Rome has turned into a popular tourist attraction.

LET'S DIG DEEP - 2
Suggest more storylines, characters, and settings.
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Module 3. How to Incorporate STEM Concepts into Stories
Funda OLMEZ GCAGLAR, PhD

Stories stand out as influential pedagogical instruments for familiarizing children with STEM
concepts in an enjoyable and engaging way. The inclusion of STEM elements in stories can
aid children in realizing the links between the contents of stories and the world around them.
Effective stories with various STEM concepts for children can emerge in a wide variety of
forms. For instance, with the help of a story in which children build a treehouse, teachers
can familiarize students with basic concepts about engineering, like planning, designing, and
problem-solving. Similarly, teachers can make use of a story about a child discovering nature
and accordingly introduce concepts related to science, like plants and their life cycles. While
doing so, one major issue to keep in mind is to be careful about the appropriacy of the content
to beincludedin the storiesin terms of students'age and language levels, needs, and interests.
In this sense, while including STEM concepts in stories, teachers can use simpler language and
engaging characters relevant to students’lives. While using stories with STEM conceptsin the
class, employing hands-on activities and keeping the studentsinvolvedinreading by using other
kinds of tasks and experiments can be beneficial, too. To be able toincorporate STEM concepts
into stories and use them in the class effectively, teachers may rely on the core principles of
Content-Based Instruction.

3.1. Content-Based Instruction and Stories to Teach STEM

Content-Based Instruction(CBl)refersto anapproachto second/foreignlanguage(L2)teaching
that integrates content/subject matter and language instruction. Therefore, the approach is
usually called ‘two for one.” While the term CBl is preferred to refer to this approach in North
America, a similar term, Content and Language Integrated Learning(CLIL), is used toindicate a
related approachin Europe. As the names suggest, the two approaches have much incommon;
however, they are notidentical. While the CLIL curriculum can be employedinlanguage classes,
the objectives of a content class usually become the point of departure in the CBI curriculum.
Both approaches can also display variations and have various types based on the educational
setting and its characteristics. One of those differences can be seen in the dominance of
content and language in the combination. For instance, a CBIl-oriented course can be more
content-driven or language-driven. Yet, most importantly, the underlying idea behind both
approachesisto combine content and language teaching by simultaneously using the language
as a medium of instruction and teaching the subject matter. In line with the use of English as
a medium of instruction, both CLIL and CBI are increasingly employed in various countries all
around the world. In line with the purpose of making use of content-based instruction with the
help of stories in which STEM concepts are integrated, this module uses the term CBI to mean
joint teaching of language and subject matter.

CBlis based on the following fundamental principles (Richards & Rodgers, 2014, pp. 118-119):

« Peoplelearnasecondlanguage more successfully when they use language as a means of
understanding content, rather than as an end in itself.

- Content-Based Instruction better reflects learners'needs for learning a second language.

« Content provides the basis for activating both the cognitive and the interactional
processes that are the starting point for second language learning.
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Amongthese principles, especially the last one can be a guiding notion for language and content
teaching in tandem. This originates from the idea that a wide variety of cognitive skills with
a vital role in learning and interactional processes which induce real-life like L2 development
can be triggered by emphasizing understanding and expressing meaningful and appealing
content/subject matter. As for the theory of learning behind CBI, itis grounded on the following
assumptions about language learning (Richards & Rodgers, 2014, pp. 121-122):

- Comprehension is a necessary condition for second language learning to occur.
« Negotiation of meaning plays a significant role in understanding content.

« Learningis facilitated by corrective feedback.

« Learning of both content and language is facilitated by dialogic talk.

« Prior knowledge plays an important role in CBI.

« Scaffolded learning plays an important partin CBland CLIL.

The assumptions of CBl about learning a language demonstrate that content comprehension is
at the core of language instruction. Through a focus on understanding the subject matter and,
accordingly, negotiation of meaning with the help of student-teacher interaction and student-
student interaction, it is possible for a teacher to integrate language teaching and content
instruction effectively. In this sense, the dialogic talks between students and the teacher,
which refers to reaching a common understanding through question-and-answer exchanges,
ongoing talks, and discussions, benefit the learning and teaching process. Teachers also build
on students’ background knowledge about the topics. Throughout the process, students can
benefit significantly from scaffolded learning, which is the assistance a teacher temporarily
provides students with to teach them how to do something. In scaffolded learning, the teacher
reduces the amount of assistance as students progress, take on more responsibility, and learn
how to do something independently in time. Therefore, a teacher with language and content
knowledge can be a materials developer, needs analyst, collaborator, and facilitator of the
students’ learning processes with a learner-centred approach to teaching. Students are active
creators of knowledge and comprehension, aim to learn autonomously in time, and collaborate
with the teacher and other learners. In line with these teacher and learner roles, certain activities
such as performance-centred tasks, discussions, collaborative activities, and meaning-centred
activities can facilitate the CBI-driven learning and teaching processes. To sum up, the major
characteristics of CBl as an approach to language teaching and its impact on the present state of
language teaching can be summarized as follows (Richards & Rodgers, 2014, p. 391):

Key Characteristics:

« Language learning combined with subject learning

« Focus onthe exchange of information through communication
+ Closely tied to learners needs

« Importance of comprehension

« Development of intercultural awareness

« Influence on current language teaching:

« Strong awareness of the subject matter

« Awareness of students’ real-life purpose for learning the language
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During the joint teaching of content and language, the course and lessons might be based on
various content areas such as psychology, history, and geography. The syllabus is then organized
around such a content area and relevant topics. For instance, learners can jointly study English
and geography with the help of a CBI-driven curriculum. The following example from a 6th-grade
class in Taipei displays how English can be taught based on a geography-based curriculum and
what principles guide such a process (Larsen-Freeman & Anderson, 2011, pp. 138-139):

Observations

Principles

1. The class is studying geography through
the target language.

2. The teacher asks the students what they
know about a globe.

3. The teacher supplies the missing
language when the students have
trouble explaining a concept in the target
language.

4. The students call out their answers
enthusiastically as the teacher writes
them on the blackboard.

5. The teacher reads the new vocabulary
and then the students watch a video
entitled ‘Understanding Globes.

6. The students fill in the vocabulary words
in the blanks in the modified cloze
passage as they watch the video.

7. The teacher provides a number of
examples using the present passive with
latitude and longitude coordinates.

8. The students are given the latitude and
longitude coordinates, and they have to
come to the front of the classroom to
find the city on the globe.

9. The teacher uses a dictogloss. She
discusses its organization.

10.For homework, the students are given a
graphic organizer, which they are to label
based on a descriptive reading they have
been given.

Both the content and the language are
targets for learning.

Teaching should build on students’ previous
experience.

The teacher scaffolds the linguistic content,
i.e. helps learners say what it is they want
to say by building a complete utterance
together with the students.

When learners perceive the relevance of
their language use, they are motivated to
learn. They know that itisameanstoan end,
rather than an endin itself.

Language is learned most effectively when
it is used as a medium to convey content of
interest to the students.

Vocabulary is easier to acquire when
there are contextual clues to help convey
meaning. It is important to integrate all the
skills, as well as vocabulary and grammar in
an authentic context.

When they work with authentic subject
matter, studentsneedlanguagesupport.For
instance, the teacher may provide a number
of examples, build in some redundancy, use
comprehension checks, etc.

Learners work with meaningful, cognitively
demanding language and content within the
context of authentic material and tasks.

It is important for students to learn the
discourse organization of academic texts.

Graphic organizers help students develop
the skills that they need to learn academic
content.
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Similar to teaching geographical concepts by using English as a medium of instruction, a wide
variety of STEM concepts can be incorporated as content into both literacy teaching and L2
teaching processes. In this respect, stories can be invaluable resources for teachers while
planning their lessons and teaching, especially with young learners. To increase students’
awareness of STEM concepts through stories, a precondition is to raise teachers’ awareness
and improve teachers’ STEM literacies since developing competency in teaching STEM areas
can help students be effective STEM thinkers(Blue, 2014). In today’s globalized world, teachers’
literacy in STEM needs to be developed in numerous contexts. In line with STEM areas, these
include scientific literacy, technology literacy, engineering literacy, and mathematical literacy.
Literacies in these four areas can be explained as follows:

Scientific literacy utilizes scientific methods beyond prescribed experimentation to real-life
experimentation through exploring, observing, collecting, and constructing. The ultimate goal
is to learn, think, make decisions, and develop a scientific way of thinking. Technology literacy
requirescompetenceintheoperation,use,anddevelopmentoftechnologyresources—software,
Web 2.0 applications, and mobile devices to communicate, innovate, and collaborate in real-
world and global contexts. Teachers who have knowledge and skills in engineering literacy are
able to utilize mathematics and science concepts to solve real-world problems, clearly define
a problem, and identify the challenges associated with it to develop a solution. Mathematical
literacy transcends basic skills, logic, and an understanding of orders of operations to the use
of numeracy, logic, and reasoning beyond school worksheets to economics, statistics, and
geometry in real-life applications. (Blue, 2012, pp. 101-102)

Teachers with well-developed STEM literacy can activate students’ STEM thinking with the help
of authentic and meticulously planned hands-on activities for learning experiences related to
STEM concepts. During this process, students can ask and answer questions, discover new
things, use their problem-solving abilities, and develop their cognitive skills. Teachers acting as
models who guide the whole learning process can scaffold students’learning. Inyoung learners’
classes, the guidance and scaffolding to be provided by teachers can be realized through stories
in joint teaching of STEM concepts and literacy. Various STEM concepts can be incorporated
into the teaching of reading and writing if they are effectively infused into stories. With the help
of carefully planned pre-, while- and post-reading activities, teachers might successfully utilize
the stories with STEM concepts in their classes.

3.2. Example Texts to Teach

While using stories based on STEM subjects as a pedagogical tool for CBI, the first step can be
choosing appropriate STEM subjects. The selected topics must be relevant to students’ age
levels, appeal to their interests, and relate to their lives. Keeping these in mind, teachers can
try to find stories or create their own stories. They can also adapt the existing stories based on
their goals, students, and the characteristics of the educational setting. The literacy-related
objectives also have a guiding role in this process. To make the stories more engaging for
students, various multimedia resources can be utilized. Stories can be supported with videos,
images, and interactive sources. While using the stories, discussing the contents with students
and question-and-answer exchanges can help to reinforce critical thinking. Including hands-on
activities about the contents of storiesin the lessons can help students improve their creativity
and make the whole process more enjoyable for students. Upon reading stories, students
can reflect on the story and the STEM subjects included in the story in written form as well.
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These can make the STEM and literacy learning process more meaningful and fun for students.
While learning how STEM concepts are a part of real life through stories, students also have
the opportunity to improve their language skills. For instance, to raise students’ awareness of
biology, chemistry, and physics, and to help them improve their language skills at the same
time, various stories can be used (see Smith & Pottle, 2015).

When supported with creative activities, storiesinvolving STEM concepts can make those STEM
subjects more relatable, fun, and meaningful for students. Stories utilized with CBI can offer a
narrative background for STEM topics and a meaningful context. The contextualized learning
experience can help students comprehend the topics more easily and remember the topicsin
a contextualized form. The topics contextualized in real-world themes and issues can provide
authentic learning experiences (Holmlund et al., 2018). The meaningful contexts provided in
stories can also reinforce language development when accompanied by suitable activities and
tasks. Students can both expand their vocabulary knowledge and improve their four language
skills (not just reading and writing) through pre-, while-, and post-activities used with stories.
Whenthe STEM topicsareincorporatedinto engaging stories, the learning experience can geta
lot more enjoyable for students and arouse curiosity for further learning. The familiar structure
of stories with progression stages can help students understand the topics much more easily.
The conceptual understanding of the topics facilitated through stories can be maintained by
working on problem-solving skills initiated by the themes in stories. Questioning and reasoning
can allow one to work on critical thinking abilities. Most importantly, making use of stories
involving STEM subjects in the class can help students adopt a positive attitude towards STEM
topics while improving language skills at the same time.

LET'S DIG DEEP -3

Find a story related to a STEM topic and think of some activities to use in the class to support
the learning of the content and to work on language skills as well.
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Literarytextsareusedasahelpfulsource for secondlanguage learningand teaching processes.
Thereasonsforthisusage canbe counted as; firstly, “literature is considered valuable authentic
material”sinceitis not prepared with the focus of language teaching, secondly, “literature offers
cultural and language enrichment,” and finally “literary texts can promote a deeper personal
involvement for both students and professors” (Silva, 2001, pp. 171-172). Among literary texts,
short stories are one of the most advantageous ones to cover in the class. The reason for this
is their length and practicality to be managed in one class session or in one sitting. Smith and
Pottle explainhow torelate storytellingto science teaching “by makingalink between something
already familiar and anew idea”(p. 42)in order to find a way to understand something new. They
illustrate also by referring to a story about a water cycle which “gives the process of evaporation
a character, with a face and hands and a reason to make the visible liquid water into an invisible
gas”(p. 42). They also follow the steps of hear, map, step, and speak to improvise a story (Smith
& Pottle, 20186, p. 43).

4.1. Literary Aspects of Stories

When developing short stories to teach STEM concepts, there are several key features that
short story writers need to take into consideration to make the stories engaging and effective
in conveying scientific concepts and technical terms, if and where necessary to engage
students and make complex terminology and topics more accessible. Charters explains the
basic elements of short story or fiction in general, as follows:

Authors create narratives using different elements of fiction. Among their most important
resourcesare plot, the sequence of related events composing the narrative, and characters, the
persons who play their parts in the narrative. The author’s choice of setting, the place and time
in which the action occurs, helps to give the story verisimilitude. The point of view establishes
a consistent perspective on the characters and their actions as the narrative unfolds. The
author’s literary style, the way he or she uses the multifarious resources of language, also
shapes the expression of a story. Finally, the author is guided by his or her perception of theme,
the unifying idea that brings to life all the other elements of fiction. (p. 2)

These elements are observed while reading stories, but they are also there for writing stories.
Thus, here are some features to consider and follow on a step-by-step basis while writing a story:

1. Choosetheconcept: Startbychoosingaspecificconceptortopictodelveintoconsidering
the age of the target audience.

2. Identify the learning objectives: Clearly define the learning objectives you want to
achieve with your story. What do you want your readers to understand or learn by the end
of the story? Having clear goals will help shape your narrative.

3. Create engaging characters: Develop relatable and interesting characters that your
readers can connect with. These characters can be scientists, engineers, inventors,
or even ordinary people who encounter STEM-related challenges. Give them distinct
personalities and backgrounds that make them relatable to the target audience. This
draws the readers into the story and engages their interest.
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4, Setting: Set the story in a familiar and relevant context to the readers. This can be a
school, a café, a library, or any environment related to the STEM concept being taught.
By grounding the story in a familiar setting, students can better relate to the scientific
concepts being explored.

5. Draft a compelling plot: Weave the STEM conceptinto an engaging storyline. Ensure that
the conceptisintegral to the plotand that it naturally unfolds as the story progresses. Use
conflict, challenges, and resolution to keep the reader’s attention. Develop a coherent
and engaging plot that follows a logical sequence. Consider incorporating elements of
conflict, suspense, and resolution to keep the readers interested and invested in the
story.

6. Use Analogies and Metaphors: To simplify complex STEM concepts, use analogies,
metaphors, and/or any figures of speech that relate them to everyday experiences. This
can help bridge the gap between abstract ideas and real-world understanding. Connect
the STEM concepts beingtaughtinthe story toreal-world applications and examples. Help
students understand how the scientific principles they learn can be applied in everyday
life orin various STEM-related fields.

7. Engaging dialogue: Engaging in dialogue is imperative to reveal character traits, provide
explanations, and convey scientific information in a conversational and accessible
manner. Hence, use dialogue to enhance students’ comprehension of STEM concepts,
and to facilitate a more efficient and dynamic quality to the story.

8. Storytelling techniques: Use descriptive language, imagery, and sensory details to paint
a vivid picture in the readers’ minds. Engage multiple senses to help students visualize
and understand the scientific concepts being introduced.

9. Promote Critical Thinking: Encourage readers to think critically by posing questions or
challengesrelated tothe STEM concept. This can be done within the story oras discussion
points at the end. Incorporate challenges or problems within the story that require the
characters to apply STEM concepts to find solutions. Encourage readers to engage with
the scientific content by presenting the characters with dilemmas that can be solved
using scientific principles

By integrating these elements into short stories, writers can craft engaging and educational
narratives that effectively teach STEM concepts to students. It Is crucial to adjust the depth
of the content to align with the age group being targeted, thereby ensuring that the stories are
both educational and enjoyable for the readers. To achieve this, there are some literary terms
to be used while writing a short story, as some of which are given below in the following part.
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4.2. Literary terms to be used while writing a story

Imagery:

Imagery is a literary term that involves creating vivid mental pictures using
descriptive language.

Visual Imagery: appeals to the sense of sight and helps readers visualize
scenes.

“The bright, yellow sun shone in the clear, blue sky.”

“The forest was full of tall, green trees.”

For higher levels:

“The sundipped below the horizon, painting the sky with hues of orange and pink.”
“The forest was a sea of emerald, with tall trees forming a dense, dark canopy
overhead.”

Auditory Imagery: appeals to the sense of hearing, allowing readers to “hear”
the sounds described.

“The birds sang sweetly in the morning, filling the air with music.”

“The thunder rumbled loudly during the storm.”

For higher levels:

“The waves crashed against the shore, their rhythmic roar soothing the
beachgoers.”

“The wind whispered through the leaves, creating a gentle, melodic rustling.”

Tactile Imagery: engages the sense of touch and describes how things feel.
“The soft kitten's fur felt warm and fuzzy.”
“The cold snowflakes melted on my skin.”

Gustatory Imagery: relates to the sense of taste, helping readers imagine
flavours.

“The sweet taste of chocolate melted in my mouth.”

“The soup was salty and warm.”

Olfactory Imagery: appeals to the sense of smell, evoking scents and odours.
“The fresh flowers in the garden smelled so sweet.”
“The pizza's aroma wafted from the oven, making me hungry.”

Kinaesthetic Imagery: describes movement and actions, engaging the
reader’s sense of physical motion.

“She jumped up and down with joy.”

“He ran fastin the race, like a speedy cheetah.”

Organic Imagery: involves internal sensations, often related to emotions or
physiological experiences.

“His heart felt happy when he saw his family.”

“She was scared, and her stomach felt funny.”
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Personification | Personification is a literary device that gives human qualities and
characteristics to non-human entities or objects.

Examples:

The wind whispered through the trees.

The sun smiled down on the beachgoers.

The car's engine coughed and sputtered before finally starting.
The old house groaned as if it were tired.

The river sang a soothing lullaby as it flowed gently.

The moon watched over the city with a silver glow.

The storm angrily lashed out with lightning and thunder.

Simile Simile is aliterary device that compares two unlike things using “like” or “as” to
create avivid and descriptive image.

Examples:

Her smile was as bright as the sun.

The water in the lake was as clear as crystal.

The car roared down the highway like a thunderstorm.
The old man’s voice trembled like a leaf in the wind.
The teacher’s patience was as endless as the ocean.
Her laughter rang out like a bell in the quiet room.

Metaphor Metaphor is a literary device that makes a direct comparison between two
unrelated things, suggesting that they are alike in some way without using
“like” or “as.”

Examples:

Her heart is a fortress.

The world is a stage.

Life is arollercoaster with its ups and downs.
Her smile is a ray of sunshine.

Alliteration The repetition of consonant sounds at the beginning of words in close proximity.

Examples:

“Peter Piper picked a peck of pickled peppers.”
“She sells seashells by the seashore.”

“Go and gather the green leaves on the grass.”
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Irony

A contrast between expectation and reality, often used to create humour,
surprise, or a deeper meaning. Types of irony include verbal, situational, and
dramatic irony.

Examples:

Verbal Irony: When someone says, “Oh, great! Another rainy day!” on a day
filled with sunshine and clear skies.

Dramatic Irony: In Shakespeare's “Romeo and Juliet,” the audience knows
that Juliet is not truly dead, but Romeo, who thinks she is, takes his own life
beside her.

Situational Irony:

A fire station burns down during a massive firefighting drill.

A lifequard drowns while trying to save a swimmer.

Allegory

A story, poem, or picture that can be interpreted to reveal a hidden meaning,
typically a moral or political one. For example, George Orwell's Animal Farmis
an allegory for the Russian Revolution.

Hyperbole

Exaggerated statements or claims used foremphasis orto create ahumorous
effect. Forinstance, “I'm so hungry | could eat a horse.”

Oxymoron

A figure of speech that combines contradictory terms, like “bittersweet” or
“jJumbo shrimp.”

4.3. How to Produce an Intriguing and Creative Story and Learn

As a well-known structure of a story, the phases to be followed or expected are exposition,
rising action (including the conflicts), climax, falling action, and denouement (resolution) which
are the factors of Freytag's triangle. Gustav Freytag (1990), in Freytag's Technique of Drama:
An Exposition of Dramatic Composition and Art, draws the parts of construction as follows:
The introduction, the exciting force (moment), the ascent, the tragic force or incident, falling
action, the force or motive of last suspense, and the catastrophe. These parts are mentioned
for the construction of drama, but they could be observed in short stories and novels as well.
Hence, these steps could be followed to create an engaging story on STEM topics.

Inciting incident

Exposition

Freytag pyramid Based on Freytag's triangle, EIShafie
Climax ,

(2018) refers to Joseph Campbell's The

Compication Reversal Hero with a Thousand Faces (1949) to

demonstrate the parallel structure in
myths and stories as in Campbell's model,
Resolution [ “commonly known as ‘The Hero's Journey,’
a protagonist sets out to solve a problem,
Denouement | UNdergoes a series of trials, and emerges
with new knowledge about the world and

herself”(p. 1216). Since plot structure has

elements to get the attention of the reader, let's walk through these phases step-by-step:

31




Module 4. How to Write Stories to Teach STEM Concepts

1. Brainstorming: Start by brainstorming a list of intriguing science fiction concepts. Think
about advanced technology, future societies, space exploration, time travel, or alternate
dimensions. Choose one concept that fascinates you the most. Incorporate a unique
technology or scientific concept that plays a crucial role in your story. You will need to
explain how it works and how it impacts the characters and plot in the developing parts
of your story. Also, consider the themes you want to explore in your science fiction story.
Common themes include the consequences of scientific advancement, the nature of
humanity, ethical dilemmas, and the future of the human race. How do these themes
relate to your story?

2. Draw the setting: Describe the world in which your science fiction story takes place. Is
it set in the distant future, a parallel universe, or on another planet? What are the key
technological advancements or societal changes that define this world? Describe the
specific location where the story begins. Is it a spaceship, a dystopian city, a research lab,
or an alien landscape? Use vivid sensory details to immerse your readers in the setting.

3. Create unique characters: Introduce your protagonist. Who are they? Are they a scientist,
an explorer, an Al, or an ordinary person caught in extraordinary circumstances? What
motivates them in this futuristic world?

4. Raise the tension with a conflict: Define the central conflict or problem in your story.
Is it a conflict with advanced technology, an encounter with an alien species, or a moral
dilemma brought about by scientific progress? Clearly state the problem your protagonist
must solve. Developaseriesof eventsthat buildtensionand suspenseinyourstory.Include
unexpected twists, obstacles, or challenges that your protagonist must overcome.

5. Resolution: Determine how your protagonist will resolve the central conflict. Will they
use their scientific knowledge, teamwork, or personal growth to overcome the challenges
they face? Describe the resolution in a satisfying and thought-provoking way. Conclude
your science fiction story by reflecting on the impact of the events on your characters and
the world you've created. Consider leaving your readers with a sense of wonder, curiosity,
or a thought-provoking message.

4.4, Analysis of a Sample Short Story
AlLevel

The Story: “A Sound of Thunder” by Ray Bradbury (shortened and simplified)

The year is 2055, there is a time travel company. Its name is Time Safari. there was a man
named Eckels. He wanted to travel back in time to see dinosaurs. He went to a special time
travel company. They had a guide named Travis. Travis warned Eckels to follow the rules. He
said, “Stay on the path. Don't touch anything. Don't change anything.”
Eckelsandtwoothersgotinatime machine. Theytravelledtothe past, tothe time of the dinosaurs.
It was scary and exciting. Eckels saw a big, scary dinosaur, T-Rex. He got scared and stepped off
the path. He didn't realize but stepped on a butterfly. Then they went back to the present.

When they got back, everything was different. Words and people were strange. Eckels had
changed the past by stepping on the butterfly. There was a different sign on the wall, and
Travis looked different too. Travis was very angry and punished Eckels. The past had changed
more than they thought. The past changed, and the present changed, everything changed
with just one butterfly and one mistake.
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Characters:

Eckels: The protagonist who goes on a time travel adventure.

Travis: The knowledgeable guide who tries to ensure the safety of the time travellers.

The Other Travellers: Two unnamed characters who accompany Eckels on the journey but
have minor roles.

Plot Structure:

Exposition: The story introduces Eckels, his desire to see dinosaurs, and his visit to a time
travel company. Travis warns him about the importance of following rules.

Rising Action: Eckels and his companions enter the time machine, travel to the past, and
witness dinosaurs. The tension increases as they encounter a terrifying dinosaur, and Eckels
makes a reckless decision to step off the path.

Climax: Eckels steps off the path and kills a butterfly, therefore changing history completely.
Falling Action: Upon returning to the present, they realize that the present has changed
drastically due to Eckels’ actions. Travis is angry, and the consequences of the butterfly’s
death become evident.

Resolution: Travis shoots Eckels, we learn that words are spelled differently, and the man
they didn't want in office is president.

Narrative Structure:

The story is narrated in the third person, focusing primarily on Eckels’s perspective. It follows
a linear and chronological narrative structure, starting with his desire to time travel and
ending with the resolution of the time travel adventure. The plot unfolds in a straightforward
manner, with a clear cause-and-effect relationship between Eckels’s actions in the past and
the consequences in the present. The story serves as a cautionary tale about the potential
consequences of even small actions in the past on the future.

"

As an example to short story analysis, Ray Bradbury’s “A Sound of Thunder” could be given. The
text above is a shortened and simplified version. The original text could be used for further
levels and studies. The steps of analysis are as follows:

1. The setting is 2055, and begins at Time Safari, Inc., a time travel company, and the main
actiontakesplaceinthe prehistoric past, specifically during a dinosaur hunting expedition.

2. Characters: The main characters are Eckels (the protagonist and a client of Time Safari,
Inc.), Travis (the safari quide), Lesperance (the assistant); the secondary characters are
The Tyrannosaurus Rex (the target of the expedition), and the butterfly (which plays a
significant role)

3. Plot structure:

a. Introduction: The story introduces Time Safari, Inc., a company that offers time
travel for big-game hunters. Eckels, a wealthy client, joins a hunting expedition to the
prehistoric past.

b. Conflict: Eckels panics when he encounters a Tyrannosaurus Rex and steps off the
designated path, potentially altering the course of history.

c. Climax: Upon returning to the present, Eckels and the team discover that subtle
changes have occurred in the future due to Eckels disturbing a butterfly in the past.
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d. Resolution: Travis, the safari guide, takes drastic action to ensure the timeline is
corrected, but the story concludes with an altered present.

4. Science fiction elements in the story are time travel, butterfly effect, and advanced
technology.

5. The main topics dealt are the butterfly effect to show how even minor actions in the past
may lead to major consequences in the future; responsibility to show how everybody has
a role in history; and hubris and nature as human beings should not play the role of an
omnipotent and absolute power against nature.

6. Style: Ray Bradbury employs descriptive and vivid language to transport readers to the
prehistoric world and create a sense of suspense. The story uses a third-person limited
point of view, primarily focusing on Eckels' perspective as he experiences the events.

7. Literary devices used:

a. Symbolism: The butterfly symbolizes the fragility of the timeline and the
interconnectedness of all events in history. The dinosaur hunt symbolizes humanity's
desire to conquer nature.

b. Personification: The machine slowed; its scream fell to a murmur.

c. Simile: There was a sound like a gigantic bonfire.

d. Metaphor: A sound of thunder

e. Alliteration: glistening green and gold

8. Moral / Message of the story: "A Sound of Thunder" serves as a cautionary tale about the
consequences of reckless actions and the importance of respecting the natural order of
the world. It leaves readers with a powerful message about the potential for unintended
and catastrophic consequences when tampering with the past.

Imagine....

Creativity and science fiction unite in the question “What if?” so let’s ask “what if?” Some of the
questions are given below. There can be numerous examples for these, there is no limit.

« What if gravity suddenly stopped working for one person?

« What if a single artwork had the power to change reality?

« What if dreams were portals to parallel universes?

« What if a time-traveling tourist accidentally altered the course of history?
« What if an Al developed emotions and self-awareness?

« What if people could trade memories like commodities?

« What if humanity discovered a way to access the collective knowledge of the universe
through a single portal?

« What if humanity had to live underwater due to a catastrophic event on land?

« What if everyone’s emotions were visible as colourful auras around them?

A few short-short stories that can be used:
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1. The Dog and the Bone

Once there was a dog who wandered the streets night and day in search of food. One day, he
found a big juicy bone and he immediately grabbed it between his mouth and took it home. On
his way home, he crossed a river and saw another dog who also had a bone in its mouth. He
wanted that bone for himself too. But as he opened his mouth, the bone he was biting fell into
the river and sank. That night, he went home hungry.

Moral of the story: If we always envy what others have, we'll end up losing what we already have,
just like the greedy dog.

Source for this text: https://ofhsoupkitchen.org/short-stories-with-morals

2. The Ant and The Grasshopper

The ant and the grasshopper were good friends. In the summer, the ant works hard to fill his
storage with food. While the grasshopper was enjoying the fine weather and playing all day.
When winter came, the ant was lying cozily in his home surrounded by the food he stored during
the summer. While the grasshopper was in his home, hungry and freezing. He asked the ant for
food and the ant gave him some. But it wasn't enough to last the entire winter. When he tried to
ask the ant again, the latter replied: “I'm sorry my friend but my food is just enough for my family
to last until the end of winter. If | give you more, we too will starve. We had the entire summer to
prepare for the winter but you chose to play instead.”

Moral of the story: Winter, in this story, represents a time in our life where food and resources are
scarce. While summer is that time where everything is abundant. So if you have a lot right now,
save some of it for the winter.

Source for this text: https://ofhsoupkitchen.org/short-stories-with-morals

4.5. Creative Prompts to be Developed into Stories
Some of the creative prompts to inspire the students to write a STEM-focused story could be:

1. The time-travel machine: Write a story about a younginventor who creates a time machine
but accidentally transports themselves to a historical period. To return home, they must
use their STEM knowledge to fix the machine and navigate the challenges of the past.

2. Therobotic petrescuer: In afuturistic world, create a story about a child who designs and
builds a robot to rescue lost or endangered animals. Explore the STEM concepts involved
in creating such a machine and the adventures it encounters while saving animals.

3. The Quantum Puzzle: Write a story about a group of friends who finds a mysterious
artifact that grants them the power to manipulate quantum physics. They must learn
about quantum mechanics to control the artifact and use it for good, all while keepingita
secret from the world.

4. The Code-Breaking Detective: Create a detective story where the protagonist uses
their coding and cryptography skills to solve mysteries. Each case presents a new STEM
challenge that needs to be unravelled through logic and technology.

5. The Renewable Energy Revolution: Tell a story setin a world where fossil fuels are nearly
depleted, and society relies on innovative renewable energy sources. Follow a group of
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young engineers as they work to develop groundbreaking clean energy solutions and
overcome obstacles.

6. The Microscopic Adventure: Shrink your characters down to the size of cells and
explore the human body from the inside. Follow a team of scientists as they navigate
the bloodstream, encounter viruses, and work to cure a mysterious illness using
nanotechnology.

7. The Inventor’s Notebook: Write a story about a curious child who finds an old notebook
filled withinventions and scientific sketches. The notebook belonged toafamousinventor,
and as the child deciphers the notes, they embark on a journey to complete the inventor’s
unfinished work. A few stories to be inspired are Strange Case of Dr Jekyll and Mr. Hyde by
Robert Louis Stevenson, “The Mortal Immortal” by Mary Shelley, and Frankenstein, or the
Modern Prometheus by Mary Shelley

8. The Robot Revolution: In a world where robots have become sentient and demand
equal rights, explore the ethical and societal challenges through the eyes of a human
who forms a deep bond with a sentient robot companion. The story delves into Al ethics,
consciousness, and coexistence. An example story to be inspired is I, Robot by Isaac
Asimov.

Short stories and novels to inspire the students on STEM topics are Twenty Thousand Leagues
Under the Sea by Jules Verne, The War of the Worlds, The Time Machine, and also The Island of Dr
Moreau by H. G. Wells, The Lost World by Arthur Conan Doyle, The Lathe of Heaven by Ursula K. Le
Guin, The Martian by Andy Weir, Aurora by Kim Stanley Robinson.

4.6. Let's think of a story:

Let's imagine that you are a scientist and looking through a microscope to analyse a leaf. But,
what you see is a human being on this leaf. You cannot believe in your eyes. And....

Let's imagine that a bug enters to our biology class and starts to talk to us, and asks to join us
while we are talking about the insects which includes its ancestors, relatives, etc.

Let’s imagine......

Its being about science does not mean every element, item, or character in the story would be
scientifically real. Sometimes, talking animals or unknown and unidentified beings could be a
part story to increase curiosity and tension.

After choosing the general topic and the situation, who are the characters?

Where does the story happen? When does it happen?

What is the problem? Is there a problem to be solved?

What kind of a conflict is there in the story? Man vs. man? Man vs. External force? Internal
conflict? Man vs. technology?

Some examples to the beginnings are given, you may complete them. The students could be
askedtoretellthestories, rewrite the stories, and continue themincluding science explanations.

a. The Mysterious Time Machine
Onceinasmalltown, inan old attic, two best friends, Lily and Max, made anincredible discovery.
They found an old, dusty book that had a picture of a strange machine onits cover. The machine
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looked like a round, shiny metal disc with lots of buttons and lights. Lily’s eyes widened with
curiosity as she pointed to the book. “Max, look at this! It's a time machine!” Max looked a little
sceptical and questioned “A time machine?” But Lily had always been the adventurous one.
She grabbed the book and flipped through its pages, revealing diagrams and strange symbols.
“What if it's real, Max? What if we could really travel through time?” Max turned back as he did
not believe such a thing, but Lily wanted to try and she said “Imagine all the amazing things we
could see and learn. We could solve mysteries and have incredible adventures!”.......

The beginning gives context, a background for the topic, for the characters, the setting, the man
vs. man conflict, and creates tension on what would happen next. The rest could be left to the
students, so they can complete the story by using any item they learned in the class.

b. The Robotic Pet Rescuer
In a colourful and friendly neighbourhood, a young boy named Timmy lived with his beloved
pet dog, Buddy. Buddy was more than just a dog; he was Timmy'’s best friend and constant
companion. They played together, explored the park, and shared secrets only best friends
could.

One sunny morning, as Timmy and Buddy were playing in the park, they noticed something
unusual. A shiny, metallic creature with blinking lights approached them. It was Robo, the
Robotic Pet Rescuer! Robo was a helpful robot designed to rescue lost pets and return them
to their worried owners. Timmy had heard stories about Robo but had never seen it in action.

As Robo scanned the park, it detected a lost kitten named Whiskers hiding in the bushes.
Timmy watched inamazement as Robo extended its mechanical arm and gently scooped up the
frightened kitten. But then, as Robo turned to leave, Buddy's favourite tennis ball accidentally
bounced off the robot’s shiny surface. The ball rolled away, and Buddy barked in distress, torn
between his loyalty to Timmy and his beloved toy.

Timmy faced a difficult choice: should he let Robo go to rescue Whiskers, or should he ask Robo
to return Buddy's ball? The conflict was clear - Timmy wanted to help the lost kitten, but he also
didn't want Buddy to be sad. What decision would he make?

c. The Quantum Puzzle
Inthe quiet town of Brooksville, something strange was happening at the local science museum.
A new exhibit had arrived, and it was causing quite a stiramong the townsfolk. It was called “The
Quantum Puzzle.” The exhibit featured a mysterious box that seemed to float in mid-air. Inside
the box, there were colourful, glowing puzzle pieces that danced and swirled as if they had a
mind of their own. It was unlike anything anyone had ever seen before.

As the townspeople gathered around, they couldn't help but be fascinated and puzzled by the
Quantum Puzzle. Adults scratched their heads, and kids like Sarah and Jake couldn't resist its
allure. Sarah and Jake were best friends, and they loved solving puzzles together. They had
heard about the Quantum Puzzle and decided to see if they could crack it. However, as they
approached the exhibit, they noticed a sign that read: “Solve the Quantum Puzzle, and you'll
receive a prize beyond your wildest dreams.”

Sarah and Jake exchanged excited glances. They wanted that prize more than anything, but
they also knew that the Quantum Puzzle was bound to be the most challenging puzzle theyd ever
encountered. The conflict was clear - the desire for the incredible prize versus the fear of failing
to solve the enigmatic Quantum Puzzle. Would they dare to take on the challenge?
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Sample Studies

The following examples are taken from Chris Smith and Jules Pottle’s book Science Through
Stories: Teaching Primary Science with Storytelling. The first text focuses on the topic of
humans, healthy diets, teeth and bones, and it is titled “Uncle Jack”(79-80). It is taken directly
as used in the book:

Topic: Humans, teeth, bones and healthy diet
Plot type: Comedy
Genre: Poetry

This is a poem about Uncle Jack who has not taken care of his body during his lifetime. The
poem maps the sequence of his accidents andillnesses in chronological order. The message of
the poem is a warning to the young to take care of their bodies because they won't get another
one.

The science content in the story includes caring for our teeth, the names of some key bones
and organs, and the damage that some foods can do to our bodies. If you do the poem with
actions, you can help the children to locate the body parts mentioned in their own bodies.

Uncle Jack

My Uncle Jack, with the twirly moustache, said,

‘There's practically nothing left of the body | was born with. You're all new and shiny. Take care
of what you've got. You won't get another one.’

When he was one, he punctured a lung.

When he was three, he broke his knee.

When he was four, they started a war and Hitler blew up the house next door.

Uncle Jack was knocked out cold, knocked out cold at four years old!

When he awoke ... his nose was broke.

When he was eight, he fell off a gate, left his skull in an awful state ...

They had to fix it with a metal plate!

When he was older he dislocated a shoulder.

He drank too many coffees and ate sticky toffees.

‘They pulled out every tooth in my head’ he said.

He had marble eyeball, a dicky ticker, and a box to make his heart beat quicker, a pegto mend a
broken leg when he slipped downstairs in his favourite slippers.

At sixty-six they replaced both hips.

‘They say man is made of mostly water but | cant be more than a quarter!

| must be mostly made of plastic. Isn't that fantastic?’ said Uncle Jack.

Top tips for telling

This is a poem that you might get the class to learn word for word. It can also be told in a freer
and improvised way as a soliloquy in which Jack recounts his story of body part replacement.

To learnit word for word, you can tell it with a lot of actions (gestures or mime that describe the
ideas in the poem). This will help both you and the class to remember the lines. You can tell it
with call and response for increasingly longer sections of the poem with the class standing in a
circle and echoing back the words and movements. As this is a big sequence, you could map the
sequence of body parts to make it easier to remember. You could add some key words on each

38



Module 4. How to Write Stories to Teach STEM Concepts

part of the map, since this will help too, as will stepping each line. Apart from that, the main
thing is to make the whole thing as much fun as possible.

The second text focuses on the topic “Health and Germs” and titled “The Broad Street Pump”
(130-135)

Topic: Healthy living, microbes that harm us, medicines and scientific testing
Plot type: Quest
Genre: Historical fiction

This is the true story of a doctor called Dr Snow who proved that people caught cholera by
drinking contaminated water not by breathing bad air. He traced the source of an outbreak
of cholera to one pump in Soho in London. The science content of the story illustrates how
scientists work by collecting evidence to prove a theory. It also shows how some germs can
harm us.

The Broad Street Pump

Once...in the middle of the 19th century, there was a terrible disease, which killed thousands
of people all over Europe and beyond. The name of the disease was cholera. When people got
sick they suffered from such severe vomiting and diarrhoea that their bodies lost too much
water and they died. At that time, most people believed that the disease was spread by people
breathing in bad air.

There were frequent cholera outbreaks in London. One doctor who lived there, Dr Snow, had a
differentidea. He thought that the disease was caused by drinking dirty water, but nobody took
him seriously. He told the authorities that providing clean drinking water would stop the illness,
but they didn't believe him.

In London at that time, there were no water pipes or sewer pipes. People collected water from
hand pumps that sucked water up out of the ground, and threw their dirty sewage into the river
orinto holes in the ground by their houses.

Dr Snow decided to prove, scientifically, that dirty water was the cause of cholera. This is what he did.
When a cholera outbreak began in Broad Street in the Soho part of London, Dr Snow made a study.

First, he visited all the houses in the area and noted down in which homes people were sick with
cholera, and in which they were healthy. Then he asked the people in every house, ‘Where did
you get your drinking water from?

Some said they got water from the old hand pump in Broad Street.
Others said they got water from different pumps further away.

After that, he made a map showing the houses where people were sick and the houses where
they were healthy and mapped the pumps where they collected their water.

He found that all the people who were sick with cholera had drunk from the Broad Street pump.
People who drank from the other pumps were fine.

Dr Snow went to the government with his map and argued his case with them.

‘Look at my evidence,” he said. ‘This proves, scientifically, that dirty water is the cause. Only
people drinking from this pump are getting sick!’

The authorities agreed to take the handle off the Broad Street pump so it couldn’t be used.

After that, Dr Snow went back to the homes to see what happened and within a few weeks there
were no new cases of cholera. He also found a sewage pit right next to the Broad Street pump.
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Dr Snow argued that his evidence proved that water, not air, was the cause of cholera.

A few years later a German scientist, Dr Koch, discovered the bacterium that causes cholera, a
bacterium that is found in the toilet water of sick people.

As a result, the main cities of Europe began to build water pipes and sewers to keep drinking
water clean and separate from waste water, and they are still used today.

Dr. Snow’s Cholera Discovery (simplified version for lower-level classes)

In the nineteenth century, a terrible sickness called cholera spread across Europe. People
believed it came from bad air, but one smart doctor, Dr. Snow, had a differentidea. He thought
it came from dirty water.

In London, people didn't have pipes for clean water or to take away dirty water. They used
hand pumps for water and threw waste in holes or the river. When cholera hit Broad Street
in London, Dr. Snow investigated. He made a map showing who got sick and where they got
water. He found that everyone who got sick had used the Broad Street pump. Others were
fine.

Dr. Snow told the government, and they removed the pump'’s handle. People stopped getting
sick. Dr. Snow proved that dirty water caused cholera, not bad air. This discovery led to clean
water pipes and sewers in cities across Europe, making water safe for everyone.

4.7. Language Level Appropriacy in Stories

Another significant point to be considered in all this process is the language level appropriacy.
The same story writing / reading / analysis process could be used in different levels with various
difficulty and length. A sample “Tiny Tess's Survival” is given to reveal the use of same story in
different levels.

“Tiny Tess's Survival”

In a small raindrop, there was a tiny creature named Tess. Tess was so tiny, you needed
a special tool, a microscope, to see her. One day, Tess needed to stay alive because her
raindrop was disappearing. She decided to make copies of herself. Tess did this a lot, and
soon, there were many Tesss. But Tess was clever. She shared some important stuff with
her Tess friends, so they were a little different from each other.

One day, a small hunter named Pippin came by, wanting to eat Tess and her friends. Tess
and her friends scared Pippin away by making themselves less tasty and building shields.
Pippin left, and Tess and her friends were safe. When their raindrop dried up, some of
them turned into sleeping seeds, waiting for the next rain to wake them up.

ATLEVEL

Tiny Tess showed us that even the tiniest things can teach us cool science lessons about
staying alive and working together.
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A2 LEVEL

In a tiny garden after rain, Tess lived in a drop of water. Tess was super tiny, so small you
needed a microscope to see her. One day, Tess had a problem. Her drop of water was
disappearing, and she needed to stay alive. Tess had a smart idea. She started splitting
into two, making a copy of herself. She did this over and over, making lots of Tess's.

But Tess didn't stop there. She shared some important information with her Tess buddies.
This made them a little different from each other, which was a good thing. Tess and her
Tess crew grew and grew. But then, a tiny predator named Pippin showed up. Pippin
wanted to eat Tess and her friends!

Tess and her crew had a plan. Some of them made yucky stuff to scare Pippin away, and
others built shields. Tess even changed herself a bit to not taste good. Pippin didn't like
this at all. He left to find an easier meal. Tess and her friends were safe.

Later, their water drop dried up, but that wasnt the end. Some of them turned into
sleeping seeds, waiting for the next rain to wake them up.

Tiny Tess and her pals taught us about survival tricks, being different, and working
together in the world of biology. Even tiny things, too small to see, can do amazing stuff
and teach us big lessons in science.

HIGHER LEVEL

Once upon a time, in a bustling garden teeming with life, there lived a tiny creature named Tess.
Tess was a microbe, a minuscule living organism that couldn't be seen without a microscope.

Tess's world was a drop of water that clung to a leaf after a gentle rain. In this miniature universe,
Tess encountered a challenge. Her water droplet was running out, and she needed to find a way
to survive.

Tess, being a clever microbe, had a plan. She began to split in two, a process called binary fission.
With each division, Tess created an identical twin. This continued rapidly, and soon, there were
many Tesses in the droplet.

But Tess wasn't done yet. She knew that the resources in the droplet were limited, so she decided
to exchange something valuable with her neighbours: information. Tess shared her genetic
material with her siblings, creating genetic diversity among the microbe community.

As Tess and her fellow microorganisms thrived and multiplied, they faced threats. A microscopic
predator, a protozoan named Pippin, swam into their droplet. Pippin, too, was on a quest for
survival.

Tess's diverse community came to the rescue. Some microbes secreted toxins, while others
formed protective barriers. Tess, with her quick thinking, altered her own genetic code slightly to
become less appealing to Pippin's taste buds. Pippin, sensing the danger, decided to move onin
search of an easier meal. Tess and her fellow microbes had successfully defended their droplet.

Over time, Tess's droplet dried up, leaving her and her siblings without water. However, their story
didnt end there. Some of them transformed into dormant spores, waiting patiently for the next
raindrop to bring them back to life.

In this tiny world, Tess and her microbial friends taught us the incredible power of adaptation,
genetic diversity, and cooperation in the realm of biology. Even the tiniest of organisms, invisible
to the naked eye, could demonstrate the most remarkable survival strategies and help us unlock
the secrets of life itself.

And so, Tess's story became a fascinating exploration into the wonders of biology, illustrating the
principles of reproduction, genetic diversity, adaptation, and the intricate relationships between
microorganisms in our natural world.
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For all stories, this chart could be used

Title of the story

Topic of the story

Exposition (What information is given in the
beginning? How does it start?)

Setting(Where and when does the story set?)

Characters in the story (protagonist and
antagonist - if there is any)

Narrative voice (Who tells the story? Who
speaks in the story?

Scientific terms integrated in the story

Conflict (Who has problems / with whom?)

Symbols

Literary devices

Intriguing side (What is the most interesting
part of the story?

Moral of the story (What have we learnt in the
end? What does the author want to show us?)
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5.1. Sex and Gender in Early Education

When we are talking about gender, it is not only dependent on biological sex differences. It is
related to social learning for biological sex roles. The term gender is defined as “the fact of being
male or female, especially when considered with reference to social and cultural differences,
rather than differences in biology; members of a particular gender as a group” (Oxford, n.d.). In
other words, gender can be explained as “the characteristics of women, men, girls and boys that
are socially constructed”and encompasses “norms, behaviours and roles associated with being a
woman, man, girl or boy, as well as relationships with each other”(World Health Organization, n.d.).

For this reason, the early stage of learning gender roles is important for students. Gender
relations are unclarified and complicated at early ages in education. Gender and sex education
in primary school isimportant and needs to be carefully planned and taught. Gender education
not only promotes the development of students’ social-emotional skills but also establishes a
solid basis for healthy relationships. Additionally, it fosters an understanding of the wider social,
cultural, and environmental factors that impact well-being.

Here are some key points to consider regarding gender education in primary schools:

« Age-Appropriate Content

Gender education in primary schools should be fitted to the age and cognitive development
of the students. The content should be presented in a way that is accessible, relatable, and
understandable for young children.

« Promoting Inclusivity

Gender education should emphasize that there are various ways that people can identify and
express their gender and that these identities should be respected. This can help create amore
inclusive and welcoming environment for all students, regardless of their gender identity.

« Talking About Sex and Gender

When it comes to gender and sex, it is a delicate matter to talk with different ages. However,
the key point of talking about sex and sexuality is being honest and comfortable. If you do not
give correct information, they can use unhealthy sources like the internet and social media.
Discussing sex can be unsettling for adults, parents, and teachers. However, it is important to
approach the topics of sex and gender with comfort and openness. When we avoid being open
about these matters, we risk sending the wrong message that sexuality and gender are taboo
or should be avoided. It is important to understand and normal to talk about sex and gender,
and they can be issues to talk about and question (New Zealand Ministry of Education, 2020).

« Body Autonomy and Consent

Teaching children about body autonomy and consent is an important aspect of gender
education. Students should learn about personal boundaries, understanding that they have
control over their bodies and that no one should make them uncomfortable.

« Stereotypes
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Primary school is an opportune time to address and challenge traditional gender stereotypes.
Educators can broaden children’'s understanding that individuals can pursue their interests
regardless of theirgender by engagingthemin conversations about various activities, interests,
and roles that are not limited by traditional gender norms.

Gender and stereotypes have remarkably close relations. While a stereotype is explained as “a
generalised view or preconception about attributes or characteristics that are or ought to be
possessed by members of a particular social group or the roles that are or should be performed
by, members of a particular social group”, a gender stereotype is explicated as “a generalised
view or preconception about attributes, or characteristics that are or ought to be possessed
by women and men or the roles that are or should be performed by men and women” (United
Nations Human Rights Office of the High Commissioner, 2014). In this sense, gender stereotyping
is about “ascribing to an individual woman or man specific attributes, characteristics, or roles
by reason only of her or his membership in the social group of women or men” (United Nations
Human Rights Office of the High Commissioner, 2014). Gender stereotyping is unfair when it
resultsin adisruption or violation of human rights and fundamental freedoms. Stereotypes are
socially constructed things, so they are learned during early education, and then society and
social relations reinforce them.

Skelton et al. (2009) show that for 3-year-old kids, their teacher’s gender or sex does not
matterin the early stage of education. However, they are aware of gender roles and behaviours.
Children of this age possess an understanding of gender distinctions and the appropriate
behaviours for each sex. It is unsurprising, then, that the girls did not associate feminine traits
with their male teachers, as the boys did with their female teachers (Skelton, 2009). So, at that
age, they are aware of gender differences, but we can expand their awareness and develop
a point of view on gender stereotypes. We already know lots of gender-based stereotypes.
For example, for women, being blond is associated with being stupid, and this is stereotypical.
Thoughts like that women are nurturing which means women are caregivers, that they are born
with motherhood instinct, or that women are irrational human beings are directly related to
stereotypical behaviour.

o Different Role Models

Amazing men and women are doing amazing things in this world. There are also incredible
stories of strength, courage, and determination in history. So, creating non-cliché role models
can create powerful embodying for students, and also it gives them inspiration for being
different in society.

« Careful About Sexist Language (Boys will be boys!)

Highlighting women in traditionally male-dominated roles, or men in traditionally female-
dominated roles, is an excellent way to introduce young children to gender equality. However, it
is equally crucial to challenge misconceptions and be mindful of our language while interacting
with students. We can hear most of the time, “Be a big boy; don't cry,” after a child falls on the
playground.

« Embrace Differences

Gender education should encourage students to treat others with respect and empathy,
regardless of their gender identity. This includes discussions about bullying, teasing, and
exclusion based on gender. Teach them how to empathize with others and focus on similarities
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rather than differences will be helpful.
« Family Diversity

Gender education can also encompass discussions about diverse types of families, including
those with same-sex parents or non-binary caregivers. This helps normalize diverse family
structures and teaches children about acceptance and love in all family dynamics.

 Significance of Educators Knowledge

Primary school children often have questions about gender and identity. Educators should
create a safe space for these discussions and provide accurate information in response to
children’s inquiries. For this aim, teachers should receive appropriate training to facilitate
effective and sensitive discussions about gender. This ensures that teachers are well-prepared
to handle students’ questions and create an inclusive classroom environment. Community
involvement can help get a holistic view. Involving parents and guardians in discussions about
gender education can foster a collaborative approach to addressing these topics bothin school
and at home.

« Cultural Sensitivity

Gender education should be culturally sensitive and respectful of diverse cultural and religious
beliefs. It is important to strike a balance between promoting understanding and respecting
different perspectives.

« Create and Play Gender Neutral Games

Playing gender-mixed groups and different group games can help them practice gender
neutrality and being equal in any case. For instance, both boys and girls can engage in activities
such as playing football together or girls can showcase their creativity by building, modelling a
plane, or inventing a gadget, while boys can demonstrate their skills in culinary arts, caring for
a baby, or maintaining cleanliness.

Overall, gender education in primary schools plays a crucial role in shaping an inclusive society.
By equipping children with knowledge about respect, empathy, and the value of embracing
diverse identities and expressions, we pave the way for a better and more harmonious future.

5.2. Ecology and Sustainable Thinking in Early Education

Ecological education involves lots of critical thinking to rule the classical education system.
The concept of changing universal consent is closely tied to how we perceive the environment,
ecology, and the interconnectedness of humans and animals. Ecological perspective takes
its source from a philosophical critical view. It is a wide range issue, especially when we are
thinking about global warming crises. It is here and happening now. So, what can we do about
the planet’s future? Ecology education is the key position in this movement. At an early age,
kids are extremely open to learning and handy to thinking differently and critically. Ecology
education has a significant role in terms of both the planets’ future and children’s learning and
developing critical views of the world.

In this perspective, ecological education has basic steps. The first step is to develop ways of
understanding the nature and environment. The secondistolay out terminologyandinclude lots
of phrases about environments and animals, and most of them are related to danger in wildlife
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and animals. It is also warning about extreme weather and climate issues. For this reason, using
languages effectively is important in order to give the right messages on ecological education
and perspective. The next step is thinking of animals. When talking about the environment, it
is commonly thought that forests, plants, and agriculture, but animals are the key actorsin the
environmental balance. Ecological habitats cannot be thought of without animals.

It is essential to incorporate ecology and sustainable thinking into early education to ensure
the development of a generation of socially responsible individuals who truly comprehend the
significance of preserving our planet.

Here are some strategies and concepts that can be integrated into early education to help
ecology and sustainable thinking:

« Environmental View

Children are provided with a sturdy foundation during their early education thanks to developing
their environmental and ecological perspectives. Firstly, they should be aware that the
environment is not a source for humanity and is not limitless. Children should know about the
finite nature of resources like water, energy, and materials. Discuss and show the importance of
conserving these resources and using them wisely. The other environmental view is that humans
do not have a high status on the food chain pyramid. We (nonhuman animals) share the world with
different species. The main principles of ecological education are promoting equality of thought
and ensuring equalrights. The environment does notinvolve just plantsand animals; there are also
rivers, seas, mountains, deltas, etc. It is a wide range of concepts, and these ingredients create
ecology and nature. So, they also give the same respect to the other parts of the environment.

Experience

- d\)a\ nolistic develop
o

Awareness
Knowledge
Attitudes
Skills

Figure 2.1. Model for teaching and learning in environmental education (Palmer & Neal, 1994, p. 39)

As seenin Figure 2.1, looking at the environment holistically and experiencing it has an important
place in early education. This training also enables children to develop various skills and abilities.

e Qutdoor Activities

Encourage young children to spend time outdoors, observe, and interact with nature. Sobel
(2008, p. 21) underlines some important aspects of environmental education as follows:
“Environmental education needs to be kinesthetic, in the body. Children should stalk, balance,
jump, and scamper through the natural world. Activities with a physical challenge component
speak directly to children via the mind/body link".

47



Module 5. Gender and Ecology Education for Children

This helps them develop a connection with the natural world and a sense of wonder about its
intricacies such as following the river. Engage childrenin hands-on activities such as gardening,
composting, and recycling. These activities provide practical experiences that demonstrate
the concepts of sustainability and ecological balance.

Playgrounds, wildlife sanctuaries, walking paths, promenade areas, natural lands near school
grounds, and riverside parks and roads close to children are all essential spaces to promote
ecological equality(Louv, 2010). Arrange trips tolocal parks, nature reserves, botanical gardens,
or recycling centres. These experiences offer real-world connections to the concepts being
taught. Sobel (2008) also makes the following recommendations:

Spend time at a safe, woodsy playground and you'll find children (1) making forts and special
places; (2) playing hunting and gathering games; (3) shaping small worlds; (4) developing
friendships with animals; (5) constructing adventures; (8) descending into fantasies; (7) and
following paths and figuring out shortcuts. (p. 20).

« Reduce, Reuse, Recycle

Introduce the “3 Rs” concept early on. Teach children how to reduce waste, reuse items, and
recycle materials to minimize their environmental impact. As children grow older, it becomes
increasinglyimportanttoengagetheminconversationsaboutethical considerationsconcerning
the environment. These discussions may include the impact of our consumer choices and the
inherent value in prioritizing the consumption of eco-friendly products.

« Empathy with Nature and Animals

Communication with animals and the growth of healthy emotional bonds are the key points
of this step. Educate children about various species, their habitats, and their roles in the
ecosystem. This can foster empathy and understanding of the interconnectedness of all living
beings.

« Discuss Climate Change

Insimple terms, explainto children how human actionsimpact the climate and the environment.
Focus on fostering a sense of responsibility and the idea that even small actions can make a
difference. However, in this step, they should not feel guilty because they are not responsible
for the outcome, but they should know that they have some responsibility for the issue.

« Develop Ecological Language

The art of storytelling and literature has the power to cultivate a dialogue that promotes
ecological awareness and sustainability. Use age-appropriate books and stories that highlight
ecological themes, conservation efforts, and the beauty of nature. This can inspire children
and stimulate their imagination. Design paracosmic worlds in their classrooms by historical
models, play production, class creation of an evolving story, or involvement in addressing real-
life community matters (Sobel, 2008). Attention is drawn to the use of fantastic and creative
elements when keeping an ecology diary.

Example:

The west coast is rather like Orkney, with high cliffs which tail off to the south where the
coastline remains rocky. There are one or two tall stacks like the Old Man of Hoy, palm trees,
and an abundance of excellent seafood. The south coast was almost tropical, with gorgeous
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beaches of white sand where turtles came to lay their eggs. On the east coast, a splendidly wide
estuary teemed with seabirds and waders... There was a tract called Mohawk Country where
there were Indians and herds of wild horses. There were rolling grassy foothills to the north, and
beyond them, a phantasy land, peopled by fauns and dryads and the Great God Pan(downin the
reeds by the river). | have also seen and stroked a unicorn there. (Cohen & MacKeith, 1991, p. 56)

Encourage children to keep nature journals where they can draw, write, or document their
observations, dream worlds, and experiences in nature. Sobel (2008) promotes observation
skills and a deeper appreciation for the environment. He also supports using eco-friendly
language and their imagination and gives the following example: “David Millstone (1989), a fifth-
grade teacher at the Marion Cross School in Norwich, Vermont, conducted an adventure that
integrated mapmaking, writing, vocabulary development, and local history”(Sobel, 2008, p. 21).

Incorporate eco-friendly art projects using recycled materials. This not only encourages

Sustainable Art Projects

creativity but also reinforces the idea of repurposing items.

Teachers and caregivers can model sustainable behaviour by practising habits like turning off

Role Modelling

lights when not in use, using reusable items, and conserving water.

Teach children about environmental issues faced by communities around the world. This can
seed a sense of global citizenship and empathy. Different geographies have different cultures,
customs, and perspectives through nature, so they should know diverse ecological positions
affected by the ecological situations. Mediterranean countries, for instance, frequently
experience devastating fires due to their geographical location, while northern countries often

Global Perspective

face the challenge of floods.

Encourage childrento ask questions about the environment, discuss problems, and brainstorm
solutions. This cultivates their critical thinking skills and empowers them to become problem

Critical Thinking

solvers.

Integrating the principles of ecology and sustainable thinking in early education will empower
children to be responsible stewards of the Earth. It will also equip them with the essential

knowledge and values necessary to forge a future founded on sustainability.

Some Activity Suggestions

Role playing

Planting or designing a garden

Organizing clean-up activities

Create a poster

Drawing about the ecological system and where do you see yourself in this system?

Make recycled books more attractive
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Module 6. Improving Learners’ Reading and Writing Skills
through Stories of STEM Content

Feryal CUBUKCU, PhD

This module explores the immense potential of using stories of STEM content to enhance the
reading and writing skills of learners aged 6 to 12. The stages of application will be presented
in pre-, while, and post-reading phases, and the strategies for the learners to practice will be
exemplified through question types.

Studies on reading in L2 have almost been scarce by the 1970s. Along with Goodman’s seminal
article “Reading: A Psycholinguistic Game,” it has started to gain prominence among second
language theorists and practitioners. His work has paved the way for the use of top-down
and bottom-up processing. In bottom-up processing, readers are supposed to start with the
comprehension of morphemes, words, phrases, clauses, grammatical items, and discourse
markers and utilize the data processing, whereas, in top-down processing, readers draw on
their experience and background knowledge to understand the text. Both of these processes
are crucial to make sense of the text.

The major strategies to understand the text are summarized by Nuttall in the following ways
(pp.306-308)

« ldentifying the purpose of the text

- Usinggraphemicrulesand patternstoaidin bottom-up decoding(discriminating patterns,
recognizing a core of words, identifying grammatical patterns, recognizing cohesive
devices, pointing out the rhetorical forms, recognizing the communicative functions,
inferring the subtle meanings, distinguishing between literal and implied meanings,
detecting specific references, identifying literary devices if any, etc.)

« Using the mind-mapping (graphic organizers)
« Using silent reading techniques

« Skimming the text for the mainidea

« Scanning the text for specific purposes

« Relating the theme to the real life

« FEvaluating the text.

6.1.1. Pre-Reading Stage

Previewing: Previewing includes questions concerning the vocabulary students already know
in the text, e.q.:

- Whatisit?
- Who hasit(if itisanoun)?
- Whoisit(if it is an adjective)?

Activating Prior Knowledge: Students share what they already know about the topic:

- What do you know about it?
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Making Predictions: Students guess what the text might be about:
- What is the story about?

Pre-teaching Vocabulary: At this stage, if vocabulary is not known, it is taught through the
stages of contextualization, prediction, personalization, and other tasks. E.g.:

Abroad (adv) foreign country or countries

- |love going abroad (contextualization)

- She goes abroad to see her family

- Whatis “abroad™?

- Let'sgo abroad. Where?

- Where do we go abroad in summers/winters?

6.1.2. While-Reading Stage

Students engage in the reading process at this stage. The strategies applied at the while-
reading stage and the relevant questions are as follows:

Skimming:

- Whatis it about? What might it be about?
- What is the topic? What do you think the story is about?
- How many people are there?

Scanning: Questions starting with who, what, when, where, how often, how many, and why are
used to enable the students to get information from the text.

Referencing:
- What does it refer to?
Inferencing:

- What does that mean?
- What does that imply?

Paraphrasing:
- Sayitinyour ownwords”.................
Summarizing:

- What is the story about? Write / Say three / five sentences about the story.

6.1.3. Post-Reading Stage

The students have further productions over the content of the story, such as:

Discussion: Giving a situation where students have to choose one over the others.
- You are an employer, which characteristics would you choose?

Writing responses

Story retelling

52



Module 6. Improving Learners’ Reading and Writing Skills through Stories of STEM Content

6.2. Sample Applications

The following lesson plans are designed for young learners. The first one is selected for the age
group of 6-8 as it is short and consists of simple words and sentences, and the concretization
of the theme is apparent.

Nasreddin Hoca and Stars

One day students ask Nasreddin Hoca the question: how many stars are there in the sky? Hoca
answers, "As many as the hair on my head.”

Pre-reading

The teacher introduces the keywords or familiarizes the students with the keywords through
the stages of visualization, contextualization, and personalization.

Stars

- Doyou love stars?
- Doyou see stars during the day?
- Do you wish upon a star?? What is your wish?

Hair

- My hairislongand curly. Yours?
- What is your favourite hair colour?

After reviewing the necessary words, the teacher goes on with the while-reading stage.
While-reading
Comprehension questions:

- Who asks Nasreddin Hoca questions?
- Does Nasreddin Hoca answer?

What is his answer?

Do you think he is right?

Fill in the blanks:

- Students .cceeviiiiininnnnnn. Nasreddin Hoca a question.
- How many..... are there in the sky?
- Nasreddin Hoca says “as many as ........
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Post-reading

The purpose here is to get out of the text to the real life and students’ schema and if possible,
let them use another skill e.g. writing and speaking.

- Ifyouwere Nasreddin Hoca, how would you finish the sentence "as many as ......"(trees, birds,
clouds...)

- What kind of questions would you ask your teacher about nature? Let's ask the teacher
questions. E.g. where are the cheetahs, where are the polar bears?

- You are the star and wish to visit the world, where would you wish to see?

- Youare an unhappy star and ask your teacher for help, write it in the card:

Example: Dear Sir/Madam,
| am unhappy as the world is changing and people are not kind. What can | do?
Assignment: You are a tiny star and ask your teacher a question about the world.
Another lesson plan is designed below for the age group of 10-12.

The Ant and the Grasshopper

In a field one summer's day, a Grasshopper is hopping about, chirping, and singing to its heart's
content. An Ant passes by, bearing along with great toil an ear of corn he is taking to the nest.

Why not come and chat with me," says the Grasshopper, "instead of toiling in that way?" “I am
helping to lay up food for the winter," says the Ant, "and recommend you do the same."

"Why bother about winter?" says the Grasshopper; we have got plenty of food at present.” But
the Ant goes on its way and continues its toil.

When the winter comes, the Grasshopper finds itself dying of hunger, while he sees the ants
distributing, every day, corn and grain from the stores they collected in the summer.

Pre-reading

The students are familiarised with the keywords:

Hop (v) Children love hopping; some animals hop; which animals hop? Do you hop in the games?
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Chirp(v) Birds chirp every day...where do you hear birds chirping?

Chat(v)Ilove chatting with my friend, Ayse. Who do you love chatting with? Who do you chat with?
While-reading
Comprehension questions

- Which seasonisiit?

- Whois hopping?

- Whois toiling?

- Who s playing?

- Who has a problem in winter?
- Who helps the grasshopper?
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Fill in the blanks

- One bright day the Ant....
- The Grasshopper.....

- The winter comes.

- The Grasshopper goes to...
- The Ant says.......

Post-reading
The teacher tries to let students relate to the theme and subtleties of the text.

- Do you wish to be the ant or the grasshopper?

- If you were the ant, would you help the hungry grasshopper?

- If you had the food, would you help your friend if your friend had none?

- Would you be a peasant (like the ant) or a musician (like the grasshopper)

- Put yourself in the shoes of the grasshopper and write a letter to your friend to complain
about the situation.

- Suppose you are a grasshopper, and you die of lack of food, how would you prefer your
epitaph? Write your epitaph.

- Look at the pictures and discover the problems and then come up with ways to help.




Module 6. Improving Learners’ Reading and Writing Skills through Stories of STEM Content

Assignment

Write a sentence as to who you have helped today and how.

LET'S DIG DEEP - 4
Produce pre-, while, and post-reading questions for a story now.

Appendixes for Additional Stories

1. When the Emperor sent his men to bring back the sage, Chuang Tzu, that he might live in the
palace and give him good advice, it's of little surprise that he declined the honour when the
soldiers found him in the shade of an old tree. He explained his decision by way of a story:

“There was a turtle who was sitting in a mud pool when he was captured and taken to the palace
to be sacrificed there. It was, of course, a great honour but don’t you suppose he might have
been happierin his pool of mud?”

“Of course.” The soldiers answered.

“Then leave me be in my pool of mud and be gone.”(https://tomthumb.org/112/some-taoist-
stories/)

2.Inlbn Sina’s classification we recognize certain types of arrhythmias such as atrial fibrillation,
and premature and dropped beats. He also described different pulses similar to pulses being
observed in arterial and ventricular arrhythmias. He described more than fifty identifiable
pulses. He distinguished two kinds of irreqular pulses: regularly irregular or irregularly irregular,
and that the difference might be difficult to appreciate. He compared the rhythm of anirreqular
pulse to the flight of the gazelle, the “pulsus ghazalans”. The rat-tail pulse described by Ibn
Sina is similar to what is known as “pulsus alternans” secondary to a weakened myocardium.
“You may feel a strong pulse followed by a faint pulse. as if you pass your hand on a rat, you feel
the body, then the tail feels small compared to the body.” Undulating pulse, dicrotic pulse, and
ventricular pulse are a few examples of different types of pulse that were described by him.

(https://www.ncbi.nIm.nih.gov/pmc/articles/PMC3970379/)

3. There once was an old Indian. His little grandson often came in the evenings to sit at his knee
and ask the many questions that children ask. One day the grandson came to his grandfather
with a look of anger on his face.

Grandfather said, “Come, sit, tell me what has happened today.”
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The child sat and leaned his chin on his Grandfather’s knee. Looking up into the wrinkled, nut-
brown face and the kind dark eyes, the child’s anger turned to quiet tears.

The boy said, “l went to the town today with my father, to trade the furs he has collected over
the past several months. | was happy to go because father said that since | had helped him with
the trapping, | could get something for me. Something that | wanted.

Here the boy laid his head against his grandfather’s knee and became silent. The Grandfather
softly placed his hand on the boy’s raven hair and said, "And then what happened?’. Without
lifting his head, the boy said, “| went outside to wait for father, and to admire my new knife in the
sunlight. Some town boys came by and saw me, they got all around me and started saying bad
things. They called me dirty and stupid and said that | should not have such a fine knife.

Here the boy’s anger returned, “l hate them, | hate them all!”

The Grandfather, with eyes that had seen too much, lifted his grandson’s face so his eyes looked
into the boy’s. Grandfather said, “Let me tell you a story.”

“l'too, at times, have felt a great hate for those that have taken so much, with no sorrow for what
they do.

But hate wears you down and does not hurt your enemy. It is like taking poison and wishing
your enemy would die. | have struggled with these feelings many times. It is as if there are two
wolves inside me, one is white and one is black. The White Wolf is good and does no harm. He
lives in harmony with all around him and does not take offence when no offence is intended. He
will only fight when it is right to do so and in the right way.

But the Black Wolf is full of anger. The littlest thing will set him into a fit of temper. He fights
everyone, all the time, for no reason. He cannot think because his anger and hate are so great.
Itis helpless anger, for his anger will change nothing. Sometimes it is hard to live with these two
wolves inside me, for both of them seek to dominate my spirit.”

The boy, looked intently into his Grandfather's eyes, and asked, “Which one wins Grandfather?”
The Grandfather smiled and said, “The one | feed.”

(https://www.nativeamericanembassy.net/www.lenni-lenape.com/www/html/
LenapeArchives/LenapeSet-01/feedwich.html)
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