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How to use this book

Welcome to Hodder Education’s MYP by Concept Series! Each chapter is designed to lead you through an inquiry into the concepts of science and how they interact in real-life global contexts.
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KEY WORDS

Key words are included to give you access to vocabulary for the topic. Glossary terms are highlighted and, where applicable, search terms are given to encourage independent learning and research skills.
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As you explore, activities suggest ways to learn through action.
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ATL

Activities are designed to develop your Approaches to Learning (ATL) skills.
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Assessment opportunities in this chapter:

Some activities are formative as they allow you to practise certain parts of the MYP Sciences Assessment Objectives. Other activities can be used by you or your teachers to assess your achievement summatively against all parts of an assessment objective.
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Key Approaches to Learning skills for MYP Sciences are highlighted whenever we encounter them.
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Hint

In some of the activities, we provide hints to help you work on the assignment. This also introduces you to the Hint feature in the e-assessment.
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EXTENSION

Extension activities allow you to explore a topic further.
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Take action

While the book provides opportunities for action and plenty of content to enrich the conceptual relationships, you must be an active part of this process. Guidance is given to help you with your own research, including how to carry out research, guidance on forming your own research question, as well as linking and developing your study of science to the global issues in our twenty-first-century world.

[image: ]




[image: ]

Links to:

Like any other subject, science is just one part of our bigger picture of the world. Links to other subjects are discussed.
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We will reflect on this learner profile attribute …

Each chapter has an IB learner profile attribute as its theme, and you are encouraged to reflect on these too.
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You are prompted to consider your conceptual understanding in a variety of activities throughout each chapter.

We have incorporated Visible Thinking – ideas, framework, protocol and thinking routines – from Project Zero at the Harvard Graduate School of Education into many of our activities.

You can measure your conceptual understanding using the summary problems at the ends of the chapters, organized by level of difficulty.

Finally, at the end of the chapter you are asked to reflect back on what you have learnt with our Reflection table, maybe to think of new questions brought to light by your learning.
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  Relationships  

  Evidence  

  Identities and relationships  

1 What is science?

To be a scientist is to use experimental evidence to find relationships and test them.
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IN THIS CHAPTER WE WILL …


•  Find out what scientists do and how they try to make reliable scientific knowledge.

•  Explore the way scientists work and the stories behind today’s science.

•  Take action to work out how to distinguish unreliable claims from scientific knowledge.
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CONSIDER THESE QUESTIONS:

Factual: What measurement units do scientists agree to use?

Conceptual: How do we design a valid scientific inquiry? How can we ensure that an experiment is reliable? How do scientists collaborate?

Debatable: What makes a claim ‘scientific’? Has science always been around?

Now share and compare your thoughts and ideas with your partner or with the whole class.
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These Approaches to Learning (ATL) skills will be useful …


•  Collaboration skills

•  Information literacy skills

•  Critical-thinking skills

•  Transfer skills

•  Media literacy skills
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KEY WORDS

collaborate

control

environment

ethical

experiment

impact

inquire

publish

risk

test
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We will reflect on this learner profile attribute …


•  Inquirers – we will consider how science asks questions about the world and what scientists do to find answers we can rely on.
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Assessment opportunities in this chapter:

The activities in this chapter will help you develop and evaluate your learning in these MYP Sciences learning objectives:


•  Criterion D: Reflecting on the impacts of science
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SEE–THINK–WONDER

Look at the images in Figure 1.1. What do you see? What does it make you think? What does it make you wonder?
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All the images in Figure 1.1 show horses galloping. The first picture was painted in prehistoric times on the wall of a cave in Lascaux, France. The second picture is much more recent, painted in 1821 by the French artist Géricault. Did you notice that in both cases the horses appear to be running with their front and hind legs outstretched, as though they were flying through the air? Eadweard Muybridge actually photographed a galloping horse in 1878 using a basic ‘stop–motion’ technique. (He positioned cameras with trip-wires along a race track and ran a horse in front of a white sheet.) When the photographs were developed, the positions of the horse’s legs could be seen clearly. Can you find either of the other two images in Muybridge’s pictures?

Horses do not, in fact, ever adopt this ‘flying’ position when they gallop. So why did people persist in painting them this way? We can speculate that perhaps it was because it seemed right that horses would do this and that an image drawn that way would make the horse seem very fast. But the artists were certainly not painting what they saw. Muybridge demonstrated this by conducting an experiment which produced data that everybody could see and agree on. This illustration might guide us in our inquiry in this chapter: What is science?


[image: ]


The modern world is highly technological; technology is the application of scientific understanding to solve real-life problems. Yet few people understand the science behind many of the devices they use every day, from microwave ovens to smartphones to aircraft to radios.
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ACTIVITY: The word is science
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ATL


•  Collaboration skills: Listen actively to other perspectives and ideas; Give and receive meaningful feedback
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In this activity you will work collaboratively to collect ideas about what scientists do.

Either use a shared online document or small pieces of paper to write down the first five words that come into your mind when you ask the question:

‘What do scientists do?’

Now take all of your words and enter them into a word-cloud generator such as Wordle (www.wordle.net) or Word it Out (https://worditout.com/word-cloud/create).

Generate your word cloud. What does it show you?

As a class, discuss the results. Are the largest words the ones you think are most important? Share your views with the class.

Display the word cloud in your classroom and refer to it as you progress through this inquiry.
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ACTIVITY: Science or not?
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ATL


•  Critical-thinking skills: Gather and organize relevant information to formulate an argument
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1  Can you put the ideas in Table 1.1 in order of their ‘invention’ (i.e. when did people suggest them)?

2  Now categorize the ideas into three groups:




    •  ideas that were never considered to be ‘science’

    •  ideas that used to be considered ‘science’ (but no longer are)

    •  ideas that are currently considered to be ‘science’.




3  Discuss how you decided on the different groups. What criteria did you use?
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	Wave–particle duality
All matter behaves like waves of energy in space; conversely, all waves behave like particles of matter. Light, for example, can behave like a wave travelling through space, but it can also behave like tiny particles of matter called ‘photons’. Even though these two properties can lead to completely contradictory results in the same experiment, this is just because our experiments are not adequate to represent what light really is: both waves and particles.
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	Lamarckian evolution
Living creatures adapt to their environment. Thus, a repeated need means that creatures develop a certain ability, which is developed over each generation. The giraffe has a long neck because over many generations giraffes have stretched to reach the highest leaves in a tree. The grandchild of blacksmiths is likely to be born with strong arms and will pass this propensity to his or her children.
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	Big Bang theory
The Universe – not only space, but time itself – began in a single point around 15 billion years ago. This point was called the ‘singularity’. After this all of space–time ‘unfolded’ and cooled, so that energy was turned into matter with different properties. The rate of unfolding of space–time depends on the strength of forces in the Universe, most important of all gravitation.
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	Alchemy
All natural substances have properties related to their place in the Universe. They consist of a mixture of the four principal elements – Earth, Air, Fire, Water – in different quantities. Thus, heavy elements such as lead contain more Earth than Air. Each element is also responsible for a part of the human body, and imbalances in the correct amounts of elements lead to illness.

The ‘perfect element’ is the fifth element, or quintessence, also known as the ‘Philosopher’s Stone’. This element can convert all elements into any other element.
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	Phrenology
Each part of our brain is responsible for a different aspect of our personality. The distinguishing features of our personalities are caused by different growth rates in different parts of our brains. We can therefore ‘read’ our personalities by looking for bumps on the cranium that indicate which parts of the brain have developed the most.
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	Astrology
All events on Earth are determined to some extent by the motions and positions of the five planets: Mercury, Venus, Mars, Jupiter and Saturn. Our own lives are strongly determined by the positions of these planets at the time of our birth, and subsequent events can be related to planetary motions.
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	Plate tectonics
The Earth’s surface is in fact a very thin layer of hard rock that floats on a softer substrate of molten lava. The surface is cracked into ‘plates’ which have moved over many billions of years. For this reason, the continents as we see them today were different many millennia ago: originally, all land on Earth was one huge continent which has been called ‘Gondwanaland’.





Table 1.1
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What makes a claim ‘scientific’? Has science always been around?

To many people, science tells us the ‘real’ truth. To others, it is just another point of view. Where does your opinion lie? Perhaps one of the most important things to realize about science is that it is (as the philosopher Karl Popper put it) ‘open’ knowledge. Scientists should not be afraid of being proved wrong. In some ways, that is the whole point of science: to learn from our mistakes, in order to know with greater certainty next time.
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ACTIVITY: ABC of scientific thinking
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ATL


•  Information literacy skills: Access information to be informed and inform others
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Look at the scientists in Figure 1.3.

Research the work of an important scientist or mathematician who is from a culture different to your own.

Summarize one of the important contributions they made to our understanding of the world. Outline what problem of the time this contribution solved or what it enabled us to do.

Describe some of the challenges your scientist faced, whether scientific, political, economic, social or otherwise.

Don’t forget to document all your sources using a recognized citation standard and bibliography.
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Assessment opportunities


•  In this activity you have practised skills that are assessed using Criterion D: Reflecting on the impacts of science.
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To Greek classical thinkers, the world of the senses – that which we observe – was unreliable and uncertain, because the senses could be deceived. For many of them (with notable exceptions, such as Aristotle) true knowledge could only be obtained through thinking. This view of knowledge is sometimes called rationalism.

In Europe it took a long time to change this view and a large number of writers and thinkers contributed to the process, such as Thomas Aquinas, Francis Bacon and Galileo Galilei. By around 1600, however, European thinkers were beginning to reconsider the role of observation in making knowledge. Francis Bacon, for example, asked: why should thinking be any more reliable or certain than what we, ourselves, can experience? He proposed that we could be more certain about the world if we made careful, controlled observations of the way things behaved in it.

The idea that knowledge can be gained from observation and experience is sometimes called empiricism.

However, if our knowledge of the world is to be reliable, not just any experience or observation will do. Our observations must be controlled carefully so that we can determine the exact relationships between things; in other words, we must do an experiment.
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Links to: Language and literature

The language of science
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ATL


•  Transfer skills: Inquire in different contexts to gain a different perspective
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The word ‘experiment’ derives from the Latin experiri, meaning experience. If you study a Latinate language such as Italian, French or Spanish, you may know that the word for experiment is the same as the word for experience.

Use Google ‘ngrams’ to find out when the word experiment began to be used more frequently in books and other texts: https://books.google.com/ngrams/
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How do we design a valid scientific inquiry? How can we ensure that an experiment is reliable?

Galileo Galilei (Figure 1.3c) was one of the first people to realize that reliable experiments required controlled variables. A variable is any factor that can be controlled or measured in order to investigate a relationship experimentally.

Imagine an experimental inquiry to be like a sort of machine. The controls of the machine determine the outcomes that we can measure (Figure 1.4). We feed in our questions and out of the process – hopefully – come the answers!

While scientific inquiry may begin with wonder, scientific questions need to be a little more focused than that. As scientists, we have to make questions that can be tested in some way, such that we can find an answer or explanation for what we observed. Often a problem in nature will turn out to be much more complicated than it seems at first and we will only be able to answer a big question by first identifying a number of smaller questions and finding the answers to those.
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ACTIVITY: The right variable for the job
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ATL


•  Critical-thinking skills: Gather and organize relevant information to formulate an argument
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For the different experimental inquiries below, choose variables that it might be important:


•  to control by changing

•  to control by keeping the same

•  to measure.



Variables
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temperature

time

height

colour

brightness

distance

area

speed
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Experimental inquiries


•  How long does an ice cube stay frozen?

•  What size of parachute will save a dropped egg?

•  What is the best colour to wear if you want to keep cool?

•  How long does an aircraft stay on the runway before it can take off?
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Look again at Figure 1.4. What other variables might affect the temperature of my lunch? If we change any of these, they might also affect the outcome – the final temperature of my lunch.

We therefore have to divide the controlled variables into those we will change and those we will keep the same. The variable that we will be changing in the experiment is called the independent variable (because it depends only on us); the variable that is being measured is called the dependent variable.
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Asking the right question

In designing an experiment, the first thing we do is select our variables and figure out which variables we are going to change (independent variables) and which we are going to measure (dependent variables).

To do this, we need to have an idea of the problem we are trying to solve. This is why the first stage in the scientific investigation cycle is to write an ‘inquiry question’ for the experiment. A good inquiry question should include the variables that you are going to control, for example:

How does variable 1 affect variable 2?

or

What is the relationship between variable 1 and variable 2?
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Once we have the question and the variables, we can suggest what we think the answer might be. When scientists suggest a theory as an explanation for the way something might work, it is called a hypothesis. If we then state exactly what we expect to see happening in a given situation, it is called a prediction. For example, I might make a hypothesis that whenever the temperature drops in winter, it is more likely to snow; this might lead me to predict that on Saturday it will be snowing.

Some scientific inquiry is carried out by looking at data that others have already gathered; these are called secondary data. Much science, however, requires new or primary data. Scientists need to carry out their experiments to gather data in a controlled environment: the laboratory. A laboratory is a specially equipped room where all the equipment and apparatus the scientists require is available. It is kept very clean and tidy to ensure that nothing can affect the experiments carried out, other than the effect of the independent variable.

In MYP Sciences by Concept 1, we explored the laboratory as a working environment. All the experiments you will carry out in this book require care and safe practice, so this is a good time to review the laboratory codes again.

We follow safety rules in order to minimize risk. Before you begin an experiment it is a good idea to carry out a risk assessment. This involves reviewing in advance everything you will do in the experiment and considering what possible dangers this could present. You should then re-evaluate your experiment design to reduce such risk. Search for risk assessment template science lesson or use the example shown in Table 1.3.
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ACTIVITY: Making up the rules
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ATL


•  Collaboration skills: Take responsibility for one’s own actions
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Every laboratory needs a ‘code’ to make sure that all experiments are carried out safely and scientifically.

In pairs, discuss and complete a copy of Table 1.2 by explaining why it is important to take the safety measures given in the first column.

As a class, brainstorm any other safety measures that you think might be important in the laboratory.

When you have finished:


•  design and make a poster illustrating any of the safety measures so that other MYP students will understand

•  design and make a ‘safety checklist’ to use before you begin any experiment.





	Safety measure
	Reason



	keep bags, coats and books in a safe place out of the way
	 



	wear protective clothing and safety glasses when instructed
	 



	walk, don’t run
	 



	do not put anything in your mouth
	 



	do not listen to music while working
	 



	wash hands carefully after using chemicals or organic substances
	 



	tie back long hair
	 




Table 1.2 Laboratory rules
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It is also important to consider the effect of our actions on the environment, both inside the laboratory and outside. We should consider the way we dispose of waste materials, especially if we are using chemicals or other ‘special’ materials. Remember that in a laboratory, everything we use is scientific apparatus, even if it is something we might consider quite usual at home. This is why we never put anything in our mouths during experiments, we always clean any apparatus and surfaces, and we always wash our hands after we have finished.

Will your experiment involve living things or possibly affect others? If so, you should also consider whether or not your actions will be ethical. Is anything you plan to do likely to cause harm or upset to other living things? This can be difficult for scientists to judge and they must work closely within ethical guidelines such as those provided by the International Baccalaureate Organization (IBO) for students.
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Find out about the ethical guidelines for the IB MYP and DP. Ask your teacher to find these documents and discuss them in class:


•  IB animal experimentation policy

•  Ethical guidelines for extended essay research and fieldwork

•  Ethical guidelines for IB DP Psychology.
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A useful preparation is to write an environmental and ethical impact assessment of your experiment, where you consider the effect of your experiment on the living and non-living environment.
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ACTIVITY: Thinking about environmental impact
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ATL


•  Collaboration skills: Take responsibility for one’s own actions
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In pairs, brainstorm as many ways as possible that a scientific experiment might affect the environment, both in the laboratory and outside it. Consider how your experiment might also affect the wellbeing of other living things.

Share your ideas with the class and collect all the class ideas together.

Discuss what action you should take to minimize the impact of the factors you have identified.

Organize the impact factors and the actions in the form of an easy-to-use checklist similar to the one you wrote for the activity Making up the rules.
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What measurement units do scientists agree to use?

In Chapter 1 of MYP Sciences by Concept 2, you may have explored how humanity has created different ways to make measurements of the natural world. The first recorded forms of measurement were probably based on the size of parts of the human body. Today, the two most common forms of measurement in use are the metric system and the imperial system. Scientists worldwide use the metric system of measurement.

During the seventeenth and eighteenth centuries in Europe, philosophers were influenced by the rediscovery of classical thought from Greece and Rome. The revolution in France from 1789 not only sought to change the way society was organized or who was in charge, but also to reorganize the way humanity thought about time and space. The revolutionaries introduced a new calendar based on 10 months a year, rather than the 12 inherited from ancient times, and in 1799 the revolutionary government created new standards of measurement for length and mass, called the metre and the kilogram. These in turn were divided logically in units of 10, 100 or 1000 as the ‘metric’ system. The measurements were standardized using a platinum rod and a mass which were kept in the Archives de la République in Paris.
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Just as the political changes in France were not popular everywhere in Europe, the new ‘rational’ measures were not immediately taken up elsewhere. In France itself the ‘new calendar’ of 10 months was abandoned when Napoleon Bonaparte came to power. However in the nineteenth century, physicists developed a system of units that aimed to derive all measurements from a small number of basic metric units. This was the basis of the metric Système International d’Unités (or SI unit system), although it wasn’t given this name until 1960.



	Unit of length
	meter/metre
	length of the path travelled by light in vacuum during a time interval of [image: ] of a second



	Unit of mass
	kilogram
	the mass of the international prototype of the kilogram



	Unit of time
	second
	duration of 9 192 631 770 periods of the radiation corresponding to the transition between the two hyperfine levels of the ground state of the caesium-133 atom




Table 1.4 Definitions of the SI base ‘mechanical’ units (note that there are seven base units in total)
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THINK–PAIR–SHARE

What do you notice about the definitions of the units in Table 1.4?

What has changed since the first definitions of the metre and kilogram in France in 1799?

Why do you think the definitions have been changed?
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Accuracy and precision

When scientists make measurements, they need to be sure that the measurements are reliable. This means that whoever makes the measurement, wherever it is made and under whatever conditions, the answer obtained will always be the same.

If a number of measurements are precise, they will be in close agreement with each other.

If a measurement is accurate, it will be close to an expected value.
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Since scientists have to use large and small numbers so often, it could be quite tedious to have to write out the dimensions of objects in metres all the time, along with the powers of 10. For this reason, the SI system includes a series of prefixes for different scales. A new prefix is used every time a multiple of 1000 or 103 occurs. You may have encountered some of these already in relation to computer systems.



	Power of 10

	Prefix



	×10–15

	femi



	×10–12

	pico



	×10–9

	nano



	×10–6

	micro



	×10–3

	milli



	×10–1

	deci



	×103

	kilo



	×106

	mega



	×109

	giga



	×1012

	tera




Table 1.5 Common prefixes

A Sciences Inquiry Cycle (see Figure 1.6) can be used to guide us whenever we design our own investigations for our inquiry questions in this book.
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How do scientists collaborate?

Sometimes in history, a person comes along who can do everything themselves (see Meet a scientist: Leonardo da Vinci). However, in most cases, science is a collaboration between a number of scientists; sometimes across the world, sometimes between the different disciplines within science, such as physics, chemistry and biology, sometimes with technological disciplines such as computer science.

Scientists must make sure that their new knowledge is as reliable as possible. When a new discovery is made, scientists must publish their work in a recognized scientific journal and may present it at a conference. To be included in a journal, the work undergoes peer review. This means that the work is checked by other experts in the field and the experiment may also be repeated by other scientists to verify that the results are the same as those claimed. In doing so, scientists are checking to ensure that they all work to the highest standards of academic integrity – just as you must in your MYP studies.

Science is really one big debate that continues to throw up new questions about the world.
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DISCUSS

Find out about one of the following scientific projects:


•  The Large Hadron Collider

•  The Human Genome Project

•  The ITER Fusion Reactor

•  Intergovernmental Panel on Climate Change (IPCC)



Who is involved in each project? What kind of experimental work do they do? Suggest why the projects require collaboration.
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EXTENSION

Look at the table of scientific journals at the following link: www.scimagojr.com/journalrank.php?category=2701

In order to ‘rank’ these journals, what do you think is being measured?
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MEET A SCIENTIST: LEONARDO DA VINCI
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Leonardo da Vinci was an Italian polymath who was born in April 1452. He was hugely influential as an artist, with his famous paintings such as the Mona Lisa. Da Vinci’s talents and knowledge went far beyond art, however. He was expert in science, mathematics, engineering, music, architecture, archaeology, literature, geology, anatomy, botany, physiology – the list goes on! His famous drawing The Vitruvian Man, in which he studied the proportions of the human body, is a marriage between art and science. He was fascinated by the human body and was allowed to dissect corpses in hospitals in Italy. He also dissected animals and compared them to human bodies. This is why his anatomical drawings of the human musculoskeletal system and embryos are so detailed and accurate.

Leonardo was a talented engineer too. His engineering skills could be seen in his sketches and designs of flying machines (Figure 1.8). He laid the foundation for biomechanics with his studies on the mechanical processes involved in human and animal movement. In modern times, his designs have been used to build working models. Examples of his designs include a parachute, a machine for testing tensile strength, an adding machine, hydraulic pumps, a flapping ornithopter and a machine with a helical rotor (a helicopter).
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Leonardo da Vinci relied on detailed observations of natural phenomena to drive his own experiments based on patterns he identified. His scientific thinking process had a great influence on his art. In his most famous painting, The Last Supper (Figure 1.9), he applied his theories on the physics of light, shade and angles and the rules of optics.
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Take action: Exposing fake news
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ATL


•  Media literacy skills: Demonstrate awareness of media interpretation of events and ideas
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•  We have seen in this chapter how science stories are very popular in the media. Sometimes, though, the media get it wrong and people can be misled, because not everybody thinks scientifically.

•  Here are a few of the most common misconceptions, which you may have investigated in Chapter 1 of MYP Sciences by Concept 1.
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•  Research these or search other popular scientific misconceptions. Make a poster, web presentation or a movie in which you ‘debunk’ these misconceptions by explaining the real science behind them!
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Reflection

In this chapter we have outlined the way that scientists work to make new knowledge. We have categorized ideas according to whether or not they are ‘scientific’ and so suggested some criteria for scientific ideas. We have designed laboratory codes for safety and for environmental risk. We have identified the measurement units that scientists use. We have discussed how scientists collaborate across the world and between scientific disciplines.
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B Figure 1.3 Science has always been international, but were all of these really
‘scientists'? Were they always right? (a) Ibn Sina, known as Avicenna (980—
1037 ce); (b) Aristotle (384-22 ece); (c) Galileo (1564-1642 ce); (d) Newton
(1642-1727); (e) George Washington Carver (c.1860-1943); (f) Lise Meitner
(1878-1968)
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B Figure 1.5 A cabinet of international weights and
measures. Before standardization, different places all
used different measurements, making it very difficult to
trade fairly! (The cabinet can be found in the Winton
Gallery at the Science Museum, UK)
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m Figure 1.1 How does a horse run? (a) Prehistoric running horse cave painting,
Lascaux, France; (b) The 1821 Derby at Epsom, Théodore Géricault (c.1821);
(c) photographic images of a galloping horse, Eadweard Muybridge (c.1878)
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