ToK references from The Diploma Programme: From principles into practice
Disciplinary and interdisciplinary understanding

The TOK experience provides a forum for discussion and instruction that supports the development of interdisciplinary understanding. It is essential that the TOK course relates directly to students’ experiences in the academic disciplines and that the academic disciplines, at appropriate times, refer to TOK issues.

Education for intercultural understanding

The core components of TOK, the extended essay and CAS all encourage reflection on multicultural perspectives and experiential learning beyond the traditional classroom.

Learning how to learn

Learning how to learn is not taught as a separate course in the Diploma Programme; it needs to be infused naturally into the curriculum as part of the teaching and learning process that supports the development of learner profile attributes. A number of aims and objectives identified in the subject groups, supported by the TOK course, require students to reflect on and to evaluate the knowledge claims they encounter and the methodologies they are learning. This “metacognitive” approach to learning helps students develop the higher-order thinking strategies needed to become lifelong independent learners.

Each academic discipline presents students with different challenges and it cannot be assumed that understanding gained in one discipline or context will be easily transferred to another. The structure of the Diploma Programme, with the expectation of concurrency of learning and the TOK experience, is designed to help students (with the support of teachers) make meaningful connections between the experiences of the core and the different academic disciplines. In the process it is expected that students will develop a better appreciation of themselves as learners and the nature of human knowledge.

Developing interdisciplinary perspectives

The TOK course, which requires students to reflect on the nature of human knowledge across all disciplines, provides an excellent platform for building interdisciplinary understanding. As students compare and contrast different ways of knowing and the different methodologies used in areas of knowledge, they are forced to reflect on what it means to be human. In order to encourage this, links with TOK are identified in individual subject guides. Teachers are encouraged to explore their own links with the TOK course and are expected to support the development of this learning experience in the teaching of their own course.

ToK in Biology

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of he hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Group 4 subjects and TOK


In looking at the ways of knowing described in the Theory of Knowledge guide (March 2006), scientists could legitimately claim that science encompasses all these. Driven by emotion, using sense perception, enhanced by technology and combined with reason, it communicates through language, principally the universal language of mathematics. There is no one scientific method, in the strict Popperian sense, of gaining knowledge, of finding explanations for the behaviour of the natural world. Science works through a variety of approaches to produce these explanations, but they all rely on data from observations and experiments and have a common underpinning rigour, whether using inductive or deductive reasoning. The explanation may be in the form of a theory, sometimes requiring a model that contains elements not directly observable. Producing these theories often requires an imaginative, creative leap. Where such a predictive theoretical model is not possible, the explanation may consist of identifying a correlation between a factor and an outcome. This correlation may then give rise to a causal mechanism that can be experimentally tested, leading to an improved explanation. All these explanations require an understanding of the limitations of data, and the extent and limitations of our knowledge. Science requires freedom of thought and openmindedness, and an essential part of the process of science is the way the international scientific community subjects the findings of scientists to intense critical scrutiny through the repetition of experiments and the peer review of results in scientific journals and at conferences. The syllabus details sections in the group 4 guides give references in teacher’s notes to appropriate topics where these aspects of the scientific way of knowing can be addressed.

Group 4 subjects and the international dimension


The power of scientific knowledge to transform societies is unparalleled. It has the potential to produce great universal benefits or to reinforce inequalities and cause harm to people and the environment. In line with the IBO mission statement, group 4 students need to be aware of the moral responsibility of scientists to ensure that scientific knowledge and data are available to all countries on an equitable basis and that they have the scientific capacity to use this for developing sustainable societies.

Biology

1.1.5
Deduce the significance of the difference between two sets of data using calculated values for t and the appropriate tables.

TOK: The scientific community defines an objective standard by which claims about data can be made.

2.1.2
Discuss the evidence for the cell theory.

TOK: The nature of scientific theories could be introduced here: the accumulation of evidence that allows a hypothesis to become a theory; whether a theory should be abandoned when there is evidence that it does not offer a full explanation; and what evidence is needed for a theory to be adopted or rejected.

2.1.4
Compare the relative sizes of molecules, cell membrane thickness, viruses, bacteria, organelles and cells, using the appropriate SI unit.

TOK: All the biological entities in the above list are beyond our ability to perceive directly. They must be observed through the use of technology such as the light microscope and the electron microscope. Is there any distinction to be drawn between knowledge claims dependent upon observations made directly with the senses and knowledge claims dependent upon observations assisted by technology?

2.1.7
State that multicellular organisms show emergent properties.

TOK: The concept of emergent properties has many implications in biology, and this is an opportunity to introduce them. Life itself can be viewed as an emergent property, and the nature of life could be discussed in the light of this, including differences between living and non-living things and problems about defining death in medical decisions.

2.1.10
Outline one therapeutic use of stem cells.

TOK: This is an opportunity to discuss balancing the huge opportunities of therapeutic cloning against the considerable risks—for example, stem cells developing into tumours. Another issue is how the scientific community conveys information about its work to the wider community in such a way that informed decisions about research can be made.

3.1.5
Outline the thermal, cohesive and solvent properties of water.

TOK: Claims about the “memory of water” have been categorized as pseudoscientific. By what criteria can a claim be judged to be pseudoscientific?

3.3.5
Draw and label a simple diagram of the molecular structure of DNA.

TOK: The story of the elucidation of the structure of DNA illustrates that cooperation and collaboration among scientists exists alongside competition between research groups. To what extent was Watson and Crick’s “discovery” of the threedimensional structure of DNA dependent on the use of data generated by Rosalind Franklin, which was shared without her knowledge or consent?

3.5.5
Discuss the relationship between one gene and one polypeptide.

TOK: The way in which theories are modified as related evidence accumulates could be discussed, and whether contrary evidence should cause a theory to be discarded immediately if there are exceptions to it. Where a theory is suddenly and totally abandoned, to be replaced by a different theory, this is known as a paradigm shift.

3.6.5
Explain the use of lactase in the production of lactose-free milk.

TOK: Development of some techniques benefits particular human populations and not others because of the natural variation in human characteristics. Lactose intolerance is found in a high proportion of the human population (for example, in Asia) but more rarely among those of European origin. Sometimes a transfer of biotechnology is needed when techniques are developed in one part of the world that are more applicable in another.

4.1.4
Explain the consequence of a base substitution mutation in relation to the processes of transcription and translation, using the example of sickle-cell anemia.

TOK: Where a correlation is found, a causal link may or may not be present. The frequency of the sickle-cell allele is correlated with the prevalence of malaria in many parts of the world. In this case, there is a clear causal link. Other cases where there is no causal link could be described as a contrast. There has clearly been natural selection in favour of the sickle-cell allele in malarial areas, despite it causing severe anemia in the homozygous condition. Natural selection has led to particular frequencies of the sickle-cell and the normal hemoglobin alleles, to balance the twin risks of anemia and malaria.

4.2.6
State that karyotyping is performed using cells collected by chorionic villus sampling or amniocentesis, for pre-natal diagnosis of chromosome abnormalities.

TOK: Various questions relating to karyotyping could be raised, including balancing the risks of side-effects (for example, miscarriage) against the possibility of identifying and aborting a fetus with an abnormality. There are questions about decision-making: who should make the decision about whether to perform karyotyping and allow a subsequent abortion—parents or health-care professionals or both groups? There are also questions about whether or not national governments should interfere with personal freedoms, and whether or not they should be able to ban procedures within the country and possibly also ban citizens travelling to foreign countries where the procedures are permitted.

4.3.11
Predict the genotypic and phenotypic ratios of offspring of monohybrid crosses involving any of the above patterns of inheritance.

TOK: Reasons for Mendel’s theories not being accepted by the scientific community for a long time could be considered. Other cases of paradigm shifts taking a long time to be accepted could be considered. Ways in which individual scientists are most likely to be able to convince the scientific community could be considered, and also the need always to consider the evidence rather than the views of individual scientists, however distinguished.

4.4.4
Describe the application of DNA profiling to determine paternity and also in forensic investigations.
TOK: A comparison could be made between blood groups and DNA profiles in their potential for determining paternity. The difficulty in assessing the chance of two individuals having the same profile could be discussed, and also the success of DNA profiling in securing convictions in some of the high-profile legal cases of recent years.

4.4.5
Analyse DNA profiles to draw conclusions about paternity or forensic investigations.

TOK: The Human Genome Project was an international endeavour, with laboratories throughout the world collaborating. However, there were also efforts in some parts of the world to gain commercial benefits from the outcomes of the project.

The data from the Human Genome Project can be viewed in different ways: it could be seen as a complete account of what makes up a human, if one takes a reductionist view of life, or, alternatively, as merely the chemical instructions that have allowed a huge range of more significant human characteristics to develop. This could lead to a discussion about the essential nature of humanity.

4.4.10
Discuss the potential benefits and possible harmful effects of one example of genetic modification.

TOK: This is an opportunity to discuss how we can assess whether risks are great enough to justify banning techniques and how the scientific community can inform communities generally about potential risks. Informed decisions need to be made but irrational fears should not be propagated. Consideration could be given to the paradox that careful research is needed to assess the risks, but performing this research in itself could be risky. Do protesters who destroy trials of GM crops make the world safer?

5.2.1
Draw and label a diagram of the carbon cycle to show the processes involved.

TOK: What difference might it make to scientific work if nature were to be regarded as a machine, for example, as a clockwork mechanism, or as an organism, that is, the Gaia hypothesis? How useful are these metaphors?

5.2.4
Outline the precautionary principle.
TOK: Parallels could be drawn here between success in deterring crime by increasing the severity of the punishment or by increasing the chance of detection. If the possible consequences of rapid global warming are devastating enough, preventive measures are justified even if it is far from certain that rapid global warming will result from current human activities.

5.5.1
Outline the binomial system of nomenclature.

TOK: The adoption of a system of binomial nomenclature is largely due to Swedish botanist and physician Carolus Linnaeus (1707–1778). Linnaeus also defined four groups of humans, and the divisions were based on both physical and social traits. By 21st-century standards, his descriptions can be regarded as racist. How does the social context of scientific work affect the methods and findings of research? Is it necessary to consider the social context when evaluating ethical aspects of knowledge claims?

6.3.8
Discuss the cause, transmission and social implications of AIDS.

TOK: The different methods of transmission of HIV each carry their own risk. The extent to which individuals in different societies can minimize or eliminate each of these risks could be considered.

6.5.12
Distinguish between type I and type II diabetes.

TOK: The causes of the variation in rates of type II diabetes in different human populations could be analysed. Rates can be particularly high when individuals consume a diet very different to the traditional one of their ancestors, for example, when having migrated to a new country. There are genetic differences in our capacity to cope with high levels of refined sugar and fat in the diet. Humans also vary considerably in how prone they are to become obese.

6.6.6
Discuss the ethical issues associated with IVF.

TOK: There are potential risks in the drug treatments that the woman is given, and there are concerns about the artificial selection of sperm and the injection of them into the eggs that occurs with some IVF protocols. The natural selection of sperm with consequent elimination of unhealthy ones is bypassed, and there is evidence that there are higher rates of abnormality in the offspring as a result.

7.1.4
Distinguish between unique or single-copy genes and highly repetitive sequences in nuclear DNA.

TOK: Highly repetitive sequences were once classified as “junk DNA”, showing a degree of confidence that it had no role. This addresses the question: To what extent do the labels and categories used in the pursuit of knowledge affect the knowledge we obtain?

7.6.2
Describe the induced-fit model.
TOK: Scientific truths are often pragmatic. We accept them as true because they give us predictive power, that is, they work. The German scientist Emil Fischer introduced the lock-and-key model for enzymes and their substrates in 1890. It was not until 1958 that Daniel Koshland in the United States suggested that the binding of the substrate to the active site caused a conformational change, hence the induced-fit model. This is an example of one model or theory, accepted for many years, being superseded by another that offers a fuller explanation of a process.

8.2.5
Explain the light-independent reactions.

TOK: The lollipop apparatus used to work out the biochemical details of the Calvin cycle shows considerable creativity. To what extent is the creation of an elegant protocol similar to the creation of a work of art?

8.2.8
Explain the concept of limiting factors in photosynthesis, with reference to light intensity, temperature and concentration of carbon dioxide.

TOK: This is an opportunity to discuss the need for very carefully controlled experiments. If we want to investigate the effect of one factor, all other factors that could have an influence must be controlled. In photosynthesis, the situation is relatively simple, and we can ensure that factors other than the one we are investigating are maintained at a constant and optimal level. In other areas, there are much greater problems. In the many investigations of human health, there are almost always complicating factors. For example, vegetarians have a longer life expectancy than meat eaters. We would be wrong to conclude that eating meat lowers life expectancy unless we could show that the only difference between the vegetarians and the meat eaters in our trial was the meat eating.

10.1.4
State Mendel’s law of independent assortment.

TOK: There are some interesting aspects of Mendel’s work, including those mentioned in 4.3.11. The law of independent assortment was soon found to have exceptions when pairs of genes are linked on a chromosome, but the law that Mendel discovered in the 19th century does operate for the majority of pairs of genes.

11.1.7
Discuss the benefits and dangers of vaccination.

TOK: This is an area where it is important to estimate accurately the size of risks, using good scientific data. The use of double-blind trials for vaccines or for drug treatments could be discussed. The placebo effect could also be considered, together with the complex interplay between mind and body in feelings of illness and health. Does the patient or the doctor decide whether the patient is well or not? There are also questions about the relationship between the scientific community and the general public. How can the general public be given clear information about the benefits and risks of vaccination? What went wrong in the recent case of misplaced fears about the measles, mumps and rubella (MMR) vaccine in the UK? There are ethical questions here about who should decide vaccination policy in a country, and whether it is ethically acceptable to have a compulsory vaccination programme.

A.1.7
Evaluate the health consequences of diets rich in the different types of fatty acid.

TOK: The distinction between correlation and cause could be made here and the need for carefully controlled experiments to test whether a correlation is due to a causal link. Epidemiological data could be examined and the problems in interpreting it discussed. The link between consumption of saturated fatty acids and coronary heart disease is not a simple correlation and genetic factors are also important.

A.1.9
Outline two of the methods that have been used to determine the recommended daily intake of vitamin C.

TOK: Recommended intakes of nutrients have been published in some countries. The recommendations vary, and this raises questions about how the levels are decided by scientists or doctors.

A.1.10
Discuss the amount of vitamin C that an adult should consume per day, including the level needed to prevent scurvy, claims that higher intakes give protection against upper respiratory tract infections, and the danger of rebound malnutrition.

TOK: Linus Pauling, a Nobel prize-winning American chemist, famously advocated consuming 1,000 mg of vitamin C per day to avoid catching colds, without strong evidence. Many followed his advice, perhaps because he was such a distinguished scientist. This raises questions about the status of individuals who are seen as authoritative, and how others without such status can question their views on the basis of the evidence.

A.1.12
Discuss how the risk of vitamin D deficiency from insufficient exposure to sunlight can be balanced against the risk of contracting malignant melanoma.

TOK: This is an interesting case illustrating the inevitability of risk.

A.2.3
Explain the possible health consequences of diets rich in carbohydrates, fats and proteins.

TOK: This is another case where correlation and cause need to be very carefully distinguished. Examples of bad advice based on flawed science can easily be found, with newspapers on an almost daily basis drawing conclusions based on loose correlation rather than on carefully controlled trials.

A.3.2
Discuss the benefits of breastfeeding.
TOK: This is an example of the need for research findings to be passed on effectively from the scientific community to mothers worldwide.

A.3.3
Outline the causes and symptoms of type II diabetes.

TOK: The nature of risk factors and the difficulties of making decisions about the relative influence of nature and nurture could be discussed. There are clear differences in susceptibility to type II diabetes, with some populations of Native Australians (Aboriginal Australians) and Maoris having higher rates of incidence. This could lead to a wider consideration and appreciation of the diversity in human societies combined with the need for parity of esteem.

A.3.6
Evaluate the benefits of reducing dietary cholesterol in lowering the risk of coronary heart disease.

TOK: As in A.1.7, this is where the distinction between correlation and cause can be drawn.

A.3.7
Discuss the concept of food miles and the reasons for consumers choosing foods to minimize food miles.

TOK: Some concepts or theories offer a new perspective, which can change our attitudes significantly. Here, food miles allow us to assess how much we, as individuals, are contributing to global warming by our selection of foods.

B.3.5
Evaluate the risks and benefits of using EPO (erythropoietin) and blood transfusions to improve performance in sports.

TOK: Decisions about what constitutes an acceptable level of risk could be discussed, together with differences between different groups and their views—scientists, sportsmen, doctors and spectators.

B.6.1
Discuss the need for warm-up routines.

TOK: There is almost universal belief in the need for warm-up and sometimes also warm-down routines, but much of the evidence for these theories is at best anecdotal and at worst non-existent. The difficulty of conducting controlled trials without a placebo effect could be discussed. The willingness of athletes to believe what they are told, without questioning it, could also be considered.

C.2.2
Describe the induced-fit model.

TOK: Scientific truths are often pragmatic. We accept them as true because they give us predictive power, that is, they work. The German scientist Emil Fischer introduced the lock-and-key model for enzymes and their substrates in 1890. It was not until 1958 that Daniel Koshland in the United States suggested that the binding of the substrate to the active site caused a conformational change, hence the induced-fit model. This is an example of one model or theory, accepted for many years, being superseded by another that offers a fuller explanation of a process.

C.4.5
Explain the light-independent reactions.

TOK: The lollipop apparatus used to work out the biochemical details of the Calvin cycle shows considerable creativity. To what extent is the creation of an elegant protocol similar to the creation of a work of art?

C.4.8
Explain the concept of limiting factors in photosynthesis, with reference to light intensity, temperature and concentration of carbon dioxide.

TOK: This is an opportunity to discuss the need for very carefully controlled experiments. If we want to investigate the effect of one factor, all other factors that could have an influence must be controlled. In photosynthesis, the situation is relatively simple, and we can ensure that factors other than the one we are investigating are maintained at a constant and optimal level. In other areas, there are much greater problems. In the many investigations of human health, there are almost always complicating factors. For example, vegetarians have a longer life expectancy than meat eaters. We would be wrong to conclude that eating meat lowers life expectancy unless we could show that the only difference between the vegetarians and the meat eaters in our trial was the meat eating.

D.1.1
Describe four processes needed for the spontaneous origin of life on Earth.

TOK: We could question whether any investigation of the history of evolution of life on Earth can be scientific. The concept of falsifiability could be raised here.

D.1.2
Outline the experiments of Miller and Urey into the origin of organic compounds.

TOK: Scientific progress often depends upon model building, a working hypothesis and possible falsification. In this case, we may be able to show that organic compounds could arise under certain conditions, but we should consider whether we can show that they did at some time in the past, or whether they certainly did not.

D.1.8
Discuss the endosymbiotic theory for the origin of eukaryotes.

TOK: As with other theories that aim to explain the evolution of life on Earth, we can obtain evidence for a theory and we can assess the strength of the evidence. However, can we ever be sure that the theory explains what actually happened in the past? For something to be a scientific theory, we must also be able to test whether it is false. Can we do this if the theory relates to a past event? Is a special standard required for claims about events in the past to be scientific? If they cannot be falsified, is it enough if they allow us to make predictions?

D.3.7
Discuss the incompleteness of the fossil record and the resulting uncertainties about human evolution.

TOK: Paleoanthropology is an example of the diverse aspects of science, in that it is a data-poor science with largely uncontrollable subject matter. Paradigm shifts are more common in a data-poor science. The discovery of small numbers of fossils has caused huge changes in theories of human evolution, perhaps indicating that too much has been constructed on too little. Conversely, discoveries such as those made in Dmanisi, Georgia provide examples of falsification of earlier held positions, indicating why paleoanthropology can be considered a science.

D.3.10
Discuss the relative importance of genetic and cultural evolution in the recent evolution of humans.

TOK: This is an opportunity to enter into the nature/nurture debate. There is clear causation when a genetic factor controls a characteristic. Cultural factors are much more complex, and correlation and cause are more easily confused.

D.5.2
Explain the biochemical evidence provided by the universality of DNA and protein structures for the common ancestry of living organisms.
TOK: The universality of DNA and the genetic code had a profound effect on Marshall Nirenberg and other pioneering biochemists, as it showed that humans were part of the overall tree of life and were not set apart genetically. This must affect the way in which we view ourselves and the rest of the living world.

D.5.3
Explain how variations in specific molecules can indicate phylogeny.
TOK: Variations are partly due to mutations, which are unpredictable and chance events, so there must be caution in interpreting them.

D.5.4
Discuss how biochemical variations can be used as an evolutionary clock.

TOK: We must be careful not to suggest that this clock moves on at a constant and invariable rate, so interpretation of data here must be very carefully done, with the uncertainties made clear.

E.1.4
Explain how animal responses can be affected by natural selection, using two examples.

TOK: There are many poor examples of supposed links between animal responses and natural selection. It is easy for us to guess how the behaviour of an animal might influence its chance of survival and reproduction, but experimental evidence from carefully controlled trials is always needed to back up our intuitions.

E.2.1
Outline the diversity of stimuli that can be detected by human sensory receptors, including mechanoreceptors, chemoreceptors, thermoreceptors and photoreceptors.

TOK: Other organisms can detect stimuli that humans cannot. For example, some pollinators can detect electromagnetic radiation in the non-visible range. As a consequence, they might perceive a flower as patterned when we perceive it as plain. To what extent, therefore, is what we perceive merely a construction of reality? To what extent are we dependent upon technology to “know” the biological world?

E.3.5
Outline Pavlov’s experiments into conditioning of dogs.

TOK: The extent to which Pavlov’s theory can be applied to different examples of learning could be considered.

E.5.3
Explain how animal experiments, lesions and FMRI (functional magnetic resonance imaging) scanning can be used in the identification of the brain part involved in specific functions.

TOK: The construction of controlled FMRI experiments has proved very difficult because of the development of conditioned reflexes in experimental subjects. Investigating the human mind will always be a challenging field.

F.3.5
Discuss the risks of gene therapy.

TOK: There have been some recent cases in countries around the world where subjects have died as a consequence of participating in a gene therapy research protocol. These cases could be examined to consider such issues as safety, conflicts of interest and other violations of ethical practice in research.

F.4.4
Outline the symptoms, method of transmission and treatment of one named example of food poisoning.

TOK: This is one of the areas where the distinction between correlation and cause could be made. A correlation may form a useful starting point in an investigation, but, ultimately, clear causal links must be established if public health is to be properly protected.

F.6.7
Define epidemiology.

TOK: This is one of the best opportunities to discuss the distinction between correlation and cause. Epidemiological studies generally look at correlations, but it can be extremely difficult to eliminate the effects of variables other than the one being studied. This is why surveys looking at the same risk factor have contradictory findings. Nonetheless, these studies continue to be carried out because of the importance of the area investigated, and because controlled experiments are often impossible. Edward Jenner’s inoculation of a small boy with cowpox and then subsequently with smallpox could not be performed today.

F.6.10
Discuss the prion hypothesis for the cause of spongiform encephalopathies.

TOK: The transmission of spongiform encephalopathies did not fit any of the conventional theories for transmission of infectious disease. There are still uncertainties about this issue, making it an interesting area for looking at the way in which scientific theories are developed and promulgated, and how the scientific community may or may not reach a consensus. This is also an area where risk could be considered— in this case, the risk (both perceived and genuine) of eating beef from certain countries. Data for the numbers of cases of new variant CJD (Creutzfeldt–Jakob disease) can be obtained from the Internet. These can be studied to see at what point it could be concluded beyond reasonable doubt that an exponential rise in cases was not occurring. It is now clear that advice given by the scientific community and national governments was misleading over several years. Once effective control measures were in place, many consumers then refused to accept advice about the safety of eating beef, showing that, when scientists lose the trust of the wider community, it may be hard to regain it.

G.5.5
Outline the concept of maximum sustainable yield in the conservation of fish stocks.

TOK: Data about fish stocks is very difficult to obtain and interpret, allowing huge differences in views on what is sustainable. In addition to fishing, whale hunting is an area where there is widespread disagreement about what is sustainable and also what is ethical.

G.5.6
Discuss international measures that would promote the conservation of fish.

TOK: This is a chance to discuss decision-making, based partly on scientific evidence, that has to take place at an international level.

H.2.8
Discuss the roles of gastric acid and Helicobacter pylori in the development of stomach ulcers and stomach cancers.

TOK: This is an example of a paradigm shift, where existing ideas about the tolerance of bacteria to stomach acid were incorrect but persisted for a time despite the evidence. The story of how the Australians Robin Warren and Barry Marshall made the discovery and struggled to convince the scientific and medical community is well worth telling.

H.5.5
Discuss factors that affect the incidence of coronary heart disease.

TOK: This is an area where a huge amount of data from epidemiological studies has been obtained, but the interpretation of this data is fraught with difficulty. Rates of heart disease in different countries have often been correlated with individual factors, and a causal link has then been claimed. In other studies, data has been used selectively to try to establish statistically significant trends. The concept of risk factors could be questioned on the grounds of the complex interaction between factors. If individuals alter their lifestyles to reduce a risk factor, this may not necessarily affect their overall risk of heart disease. A distinction could also be drawn between indicators of risk, such as the levels of certain substances in the blood and factors that actually cause coronary heart disease.
ToK and CAS

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of he hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

CAS and Theory of Knowledge


Both CAS and Theory of Knowledge (TOK) emphasize the importance of reflection and developing self‑awareness. CAS reflection flows from experience, from thinking about how an activity feels and what it means to everyone involved. In TOK the approach to knowledge issues tends more towards the abstract and theoretical. The links can nevertheless be very close. For instance, a difficult decision about how to behave towards another person or group in a CAS activity might be informed by a TOK consideration of analogous situations; conversely, such a decision might provide a concrete example to illustrate an ethical dilemma in the context of a TOK discussion.

At a more general level, students can be encouraged to compare their learning in CAS with their subject learning, and to consider how one may help the other. TOK lessons may provide an opportunity for extended discussion of the values and philosophy of CAS, and student responses to these. Two sample bridging questions are provided in the Theory of Knowledge guide (March 2006).

· CAS is often described as “experiential education”. In what ways is learning in CAS similar to or different from learning in other areas of the Diploma Programme?

· In what ways might CAS be said to promote ethical education? Is service to others, in whatever form, a moral obligation? If so, on what might the obligation be based? If not, why not?

In line with the aim of CAS to broaden students’ experience during their Diploma Programme years, work that is part of a student’s study of a Diploma Programme subject, Theory of Knowledge or extended essay may not be counted towards CAS.
ToK in Chemistry

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of he hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Group 4 subjects and TOK


In looking at the ways of knowing described in the Theory of Knowledge guide (March 2006), scientists could legitimately claim that science encompasses all these. Driven by emotion, using sense perception, enhanced by technology and combined with reason, it communicates through language, principally the universal language of mathematics. There is no one scientific method, in the strict Popperian sense, of gaining knowledge, of finding explanations for the behaviour of the natural world. Science works through a variety of approaches to produce these explanations, but they all rely on data from observations and experiments and have a common underpinning rigour, whether using inductive or deductive reasoning. The explanation may be in the form of a theory, sometimes requiring a model that contains elements not directly observable. Producing these theories often requires an imaginative, creative leap. Where such a predictive theoretical model is not possible, the explanation may consist of identifying a correlation between a factor and an outcome. This correlation may then give rise to a causal mechanism that can be experimentally tested, leading to an improved explanation. All these explanations require an understanding of the limitations of data, and the extent and limitations of our knowledge. Science requires freedom of thought and openmindedness, and an essential part of the process of science is the way the international scientific community subjects the findings of scientists to intense critical scrutiny through the repetition of experiments and the peer review of results in scientific journals and at conferences. The syllabus details sections in the group 4 guides give references in teacher’s notes to appropriate topics where these aspects of the scientific way of knowing can be addressed.

Group 4 subjects and the international dimension


The power of scientific knowledge to transform societies is unparalleled. It has the potential to produce great universal benefits or to reinforce inequalities and cause harm to people and the environment. In line with the IBO mission statement, group 4 students need to be aware of the moral responsibility of scientists to ensure that scientific knowledge and data are available to all countries on an equitable basis and that they have the scientific capacity to use this for developing sustainable societies.

Chemistry


1.1
The mole concept and Avogadro’s constant

TOK: Assigning numbers to the masses of the chemical elements allowed chemistry to develop into a physical science and use mathematics to express relationships between reactants and products.

1.1.1
Apply the mole concept to substances.

TOK: Chemistry deals with enormous differences in scale. The magnitude of Avogadro’s constant is beyond the scale of our everyday experience.

1.3.3
Apply the state symbols (s), (l), (g) and (aq).

TOK: When are these symbols necessary in aiding understanding and when are they redundant?

1.4.7
Solve problems using the ideal gas equation, PV = nRT

TOK: The distinction between the Celsius and Kelvin scales as an example of an artificial and natural scale could be discussed.

2.1
The atom

TOK: What is the significance of the model of the atom in the different areas of knowledge? Are the models and theories that scientists create accurate descriptions of the natural world, or are they primarily useful interpretations for prediction, explanation and control of the natural world?

2.1.1
State the position of protons, neutrons and electrons in the atom.

TOK: None of these particles can be (or will be) directly observed. Which ways of knowing do we use to interpret indirect evidence gained through the use of technology? Do we believe or know of their existence?

2.3.1
Describe the electromagnetic spectrum.

TOK: Infrared and ultraviolet spectroscopy are dependent on technology for their existence. What are the knowledge implications of this?

2.3.4
Deduce the electron arrangement for atoms and ions up to Z = 20.

TOK: In drawing an atom, we have an image of an invisible world. Which ways of knowing allow us access to the microscopic world?

Topic 3: Periodicity

TOK: The early discoverers of the elements allowed chemistry to make great steps with limited apparatus, often derived from the pseudoscience of alchemy. Lavoisier’s work with oxygen, which overturned the phlogiston theory of heat, could be discussed as an example of a paradigm shift.

3.1.1
Describe the arrangement of elements in the periodic table in order of increasing atomic number.

TOK: The predictive power of Mendeleev’s periodic table could be emphasized. He is an example of a “scientist” as a “risk taker”.

5.2.4
Evaluate the results of experiments to determine enthalpy changes.

TOK: What criteria do we use in judging whether discrepancies between experimental and theoretical values are due to experimental limitations or theoretical assumptions?

5.3.1
Determine the enthalpy change of a reaction that is the sum of two or three reactions with known enthalpy changes.

TOK: As an example of the conservation of energy, this illustrates the unification of ideas from different areas of science.

6.1.2
Describe suitable experimental procedures for measuring rates of reactions.

TOK: The empirical nature of the topic should be emphasized. Experimental results can support the theory but cannot prove it.

8.1.1
Define acids and bases according to the Brønsted–Lowry and Lewis theories.

TOK: Discuss the value of using different theories to explain the same phenomenon. What is the relationship between depth and simplicity?

8.4.3
State that each change of one pH unit represents a 10-fold change in the hydrogen ion concentration [H+(aq)].

TOK: The distinction between artificial and natural scales could be discussed.

9.1.2
Deduce the oxidation number of an element in a compound.

TOK: Are oxidation numbers “real”?

9.1.3
State the names of compounds using oxidation numbers.

TOK: Chemistry has developed a systematic language that has resulted in older names becoming obsolete. What has been gained and lost in this process?

10.1.3
Distinguish between empirical, molecular and structural formulas.

TOK: The use of the different formulas illustrates the value of different models with different depths of detail.

10.1.6
Apply IUPAC rules for naming the isomers of the non-cyclic alkanes up to C6.

TOK: This could be discussed as an example of the use of the language of chemistry as a tool to classify and distinguish between different structures.

Graphical techniques

TOK: Why are graphs helpful in providing powerful interpretations of reality.

12.1.1
Explain how evidence from first ionization energies across periods accounts for the existence of main energy levels and sub-levels in atoms.

TOK: Which ways of knowing do we use to interpret indirect evidence? Do we believe or know of the existence of energy levels?

12.1.5
Draw the shape of an s orbital and the shapes of the px, py and pz orbitals.

TOK: The breakdown of the classical concepts of position and momentum is another example of the limitations of everyday experience. The need for a probability picture at the atomic scale shows that human knowledge is ultimately limited.

14.2.2
Explain hybridization in terms of the mixing of atomic orbitals to form new orbitals for bonding.

TOK: Is hybridization a real process or a mathematical device?

14.3.1
Describe the delocalization of π electrons and explain how this can account for the structures of some species.

TOK: Kekulé claimed that the inspiration for the cyclic structure of benzene came from a dream. What role do the less rational ways of knowing play in the acquisition of scientific knowledge? What distinguishes a scientific from a non-scientific hypothesis: its origins or how it is tested?

16.2.2
Describe the relationship between reaction mechanism, order of reaction and rate-determining step.

TOK: Agreement between rate equation and a suggested mechanism only provides evidence to support a reaction mechanism. Disagreement disproves the mechanism.

20.6.5
Describe and explain optical isomerism in simple organic molecules.

TOK: The existence of optical isomers provided indirect evidence of a tetrahedrally bonded carbon atom. This is an example of the power of reasoning in allowing us access to the molecular scale. Do we know or believe those carbon atoms are tetrahedrally coordinated? The use of conventions in representing three-dimensional molecules in two dimensions could also be discussed.

A.2.1
Describe the electromagnetic spectrum.

TOK: The electromagnetic spectrum is a carrier of information. The nature of the information is limited by its wavelength.

B.8.3
Explain the double helical structure of DNA.

TOK: What are the implications of the discovery of the molecular basis of life in other areas of knowledge?

C.7.1
Define the term nanotechnology.

TOK: The use of the scanning tunnelling microscope has allowed us to “see” individual atoms. Does technology blur the distinction between simulation and reality?

C.7.4
Discuss some of the implications of nanotechnology.

TOK: Who should decide whether particular directions in research are pursued? Who should determine priorities in the funding of research?

D.1.2
Outline the stages involved in the research, development and testing of new pharmaceutical products.

TOK: Should scientists be held morally responsible when drugs have adverse effects?

D.3.1
Describe and explain the different ways that analgesics prevent pain.

TOK: A discussion of pain perception could be linked to the more general discussion of perception as a way of knowing in TOK.

D.6.1
Outline the historical development of penicillins.

TOK: What part does serendipity play in scientific discoveries?

E.3.1
Describe the greenhouse effect.

TOK: Some people question the reality of climate change and question the motives of scientists who have “exaggerated” the problem. How do we assess the evidence collected and the models used to predict the impact of human activities?

F.5.2
Discuss the benefits and concerns of using GM foods.

TOK: GM foods raise issues of conflict of concepts and values. Examine the facts, language, statistics and images used in the debate over their use. Is science, or ought it to be, value-free? What implications does your answer have for the regulation of science? Who should decide whether particular directions in research are pursued? Who should determine priorities in the funding of research?

Option G: Further organic chemistry

TOK: The relationship between a reaction mechanism and the experimental evidence to support it could be discussed. See 16.2.2.

G.5.1
Describe and explain the structure of benzene using physical and chemical evidence.

TOK: See 14.3.1.
ToK in Classical Languages

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of he hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Introduction to Group 2 subjects


Successful Diploma candidates meet three requirements in addition to the six subjects. The interdisciplinary Theory of Knowledge (TOK) course is designed to develop a coherent approach to learning which transcends and unifies the academic areas and encourages appreciation of other cultural perspectives.

Group 2 aims


Group 2 consists of a range of language courses accommodating the different levels of linguistic proficiency that students have already gained when they begin. There is a single set of group 2 aims, common to all the courses, but the objectives are differentiated according to what the candidates are expected to be able to demonstrate at the end of each course.

The aims of group 2 are to:

· develop students’ awareness of the role of language in relation to other areas of knowledge

Classical languages and Theory of Knowledge


The study of classical languages offers many possibilities for Theory of Knowledge questioning and reflection. A central aim of these courses is to encourage students to develop awareness and appreciation of the different perspectives of people from ancient cultures, an aim very much in keeping with a key strand of Theory of Knowledge, to open students to other ways of seeing and knowing things. At the heart of the courses is the study of either Latin or Classical Greek and it is considered that, through an understanding of the workings of a language, true intellectual contact can be made with the peoples of the past, in itself an idea that students need to examine critically. Learning the grammar, syntax and vocabulary of the language is not an end in itself but enables students to read a variety of literature in at least two genres and, through analysis and interpretation, to try to understand a world that no longer exists. In exploring the implications of the language studied, and using that to try to reach an understanding of the knowledge, values, skills and beliefs of the related culture, students are naturally engaging in a Theory of  Knowledge type of activity.

The following questions are adapted from the Theory of Knowledge guide. They are intended to assist teachers of classical languages to challenge  students to explore the method of study in the field and to enhance students’  critical reflection on related knowledge issues, ways of knowing and areas of  knowledge.

· To what extent is knowledge about the past different from other kinds of knowledge?

· What categories of knowledge about people in the past are easy or difficult to acquire? What is it about these categories that makes this so?

· If, through study, we can make an intellectual contact with people from the past, to what extent does this give us an insight into the way these people lived?

· What different functions does language perform? Which are most relevant in creating and communicating knowledge?

· What is lost in translation from one language to another? Why?

· Can emotions be classified as good or bad? Can there be a correct emotional response to different ethical values and practices in the ancient world?

· Can a study of the ancient world be free of bias in the selection and interpretation of material?

· Why study the ancient world? Is it possible to know who we are without knowledge of the past?

· Can a study of the ancient world provide a guide to understanding contemporary affairs?

· If truth is difficult to prove in studying the ancient world, does it follow that all versions are equally acceptable?

· To what extent do moral values differ, depending on the society or the historical time? For example, can a practice such as slavery be right in one era or region and wrong in another?

· Can the practice of one society be judged with any validity by applying the values of another generation or another culture?

ToK in Economics

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of the hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Introduction to Group 3 subjects


Successful Diploma candidates meet three requirements in addition to the six subjects. The interdisciplinary Theory of Knowledge (TOK) course is designed to develop a coherent approach to learning which transcends and unifies the academic areas and encourages appreciation of other cultural perspectives.

Group 3 aims


The aims of all subjects in group 3, individuals and societies are to:

· enable the student to recognize that the content and methodologies of the subjects in group 3 are contestable and that their study requires the toleration of uncertainty.

Economics


Internationalism in the economics course

Although complete knowledge is impossible, students can search for understanding through a wide range of different aspects of the global economy.

Nature of the subject

Economics is a dynamic social science, forming part of the study of individuals and societies. The study of economics is essentially about the concept of scarcity and the problem of resource allocation.

Although economics involves the formulation of theory, it is not a purely theoretical subject: economic theories can be applied to real-world examples. Neither is economics a discrete subject, since economics incorporates elements of history, geography, psychology, sociology, political studies and many other related fields of study.

Economics does not exist in a vacuum, because it naturally must consider how economic theory is to be applied in an international context. 

The scientific approach characterizes the standard methodology of economics. This methodology can be summarized as a progression from problem identification, through hypothesis formulation and testing, arriving finally at a conclusion.

Alongside the empirical observations of positive economics, students of the subject are asked to formulate normative questions. Encouraging students to explore such questions forms the central focus of the economics course.
ToK in Languages A1

ToK-related sections from your Subject Guide

Introduction to Group 1 subjects


Successful Diploma candidates meet three requirements in addition to the six subjects. The interdisciplinary Theory of Knowledge (TOK) course is designed to develop a coherent approach to learning which transcends and unifies the academic areas and encourages appreciation of other cultural perspectives.

(no other ToK-specific references)
ToK in Environmental Systems and Societies

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of he hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Group 4 subjects and TOK


In looking at the ways of knowing described in the Theory of Knowledge guide (March 2006), scientists could legitimately claim that science encompasses all these. Driven by emotion, using sense perception, enhanced by technology and combined with reason, it communicates through language, principally the universal language of mathematics. There is no one scientific method, in the strict Popperian sense, of gaining knowledge, of finding explanations for the behaviour of the natural world. Science works through a variety of approaches to produce these explanations, but they all rely on data from observations and experiments and have a common underpinning rigour, whether using inductive or deductive reasoning. The explanation may be in the form of a theory, sometimes requiring a model that contains elements not directly observable. Producing these theories often requires an imaginative, creative leap. Where such a predictive theoretical model is not possible, the explanation may consist of identifying a correlation between a factor and an outcome. This correlation may then give rise to a causal mechanism that can be experimentally tested, leading to an improved explanation. All these explanations require an understanding of the limitations of data, and the extent and limitations of our knowledge. Science requires freedom of thought and openmindedness, and an essential part of the process of science is the way the international scientific community subjects the findings of scientists to intense critical scrutiny through the repetition of experiments and the peer review of results in scientific journals and at conferences. The syllabus details sections in the group 4 guides give references in teacher’s notes to appropriate topics where these aspects of the scientific way of knowing can be addressed.

Group 4 subjects and the international dimension


The power of scientific knowledge to transform societies is unparalleled. It has the potential to produce great universal benefits or to reinforce inequalities and cause harm to people and the environment. In line with the IBO mission statement, group 4 students need to be aware of the moral responsibility of scientists to ensure that scientific knowledge and data are available to all countries on an equitable basis and that they have the scientific capacity to use this for developing sustainable societies.

Environmental systems and societies


Environmental systems and societies and Theory of Knowledge

This course offers some excellent opportunities for approaching issues of knowledge in immediate and practical contexts. The systems approach itself, which is employed throughout the syllabus, raises some interesting points of comparison and contrast with conventional models of the scientific method. It is essentially holistic rather than reductionist. While this approach is frequently quantitative in its representation of data, it also addresses the challenge of handling a wide range of qualitative data. There are many checks and guidelines to ensure objectivity in data handling and interpretation but the standards of objectivity may not always be so rigorously controlled as they are in the purely physical sciences. Furthermore, as a transdisciplinary subject, the material addressed frequently lies astride the interface of what are perceived as clear subject boundaries. In exploring and understanding an environmental issue, one must be able to integrate the hard, scientific, quantitative “facts” with the qualitative value judgments of politics, sociology and ethics. All this makes particularly fertile ground for discussions related to Theory of Knowledge (TOK). Some examples of how TOK may be brought to the attention of students are included in the “Syllabus content” section.

Topic 1: Systems and models

TOK: How does a systems approach compare to the reductionist approach of conventional science? How does methodology compare between these two approaches? What are the benefits of using an approach that is common to other disciplines such as economics and sociology?

Topic 2: The ecosystem

TOK: How does the role of instrumentation circumvent the limitations of perception? Can environmental investigations and measurements be as precise or reliable as those in the physical sciences? Why is this, and how does this affect the validity of the knowledge? Applying similarly rigorous standards as are used in physics, for example, would leave environmentalists with very little they could claim as knowledge. But, by insisting on high degrees of objectivity, would we miss out on a useful understanding of the environment? Is a pragmatic or correspondence test of truth most appropriate in this subject area?

Topic 3: Human population, carrying capacity and resource use

TOK: What do the models of “natural capital/income” and the “ecological footprint” add to the earlier concepts of “resources” and “carrying capacity”? Is one model any more objective than the other? Is this a good thing? With regard to the terms used, how does the language affect our understanding of the concepts? (For example, there is perhaps a sense that “natural capital” is something to be preserved, while “resources” are specifically there for human utilization. Similarly, “ecological footprint” conjures an image of environmental threat from any growing population, whereas “carrying capacity” focuses on the maximum number that a population can reach.)

3.2.4 Discuss the view that the environment can have its own intrinsic value.

TOK: How can we quantify values such as aesthetic value, which are inherently qualitative?

Topic 4: Conservation and biodiversity

TOK: This topic raises some engaging issues of debate concerning the moral justification for exploiting species and the moral imperative for conserving them. Do other organisms have a right to moral consideration? How is this justified? Do panda bears have a greater right than lichens? What about the rights of “pest” or pathogenic organisms? To what extent are these arguments based upon emotion and to what extent upon reason? And how does this affect their validity?

Topic 5: Pollution management

TOK: Most cases of non​‑point source pollution exemplify well the intractable ethical problem of the “tragedy of the commons”. That is to say, an individual polluting a common resource suffers little themselves from their own pollution and yet may benefit considerably in other ways. Therefore, those that do not pollute are doubly penalized—they suffer the pollution, and yet gain no benefit from polluting the resource themselves. There is thus a net advantage for any individual who does pollute. Ultimately, as many individuals adopt the most advantageous attitude, this leads to a great deal of suffering for all. It is exactly this conundrum that underlies much of the difficulty in managing non​‑point source pollution of shared resources on both a local (for example, a river) and an international (for example, the atmosphere) scale. Indeed, that one nation may gain considerably from non​‑compliance, especially while others comply, underlies much of the hesitancy in reaching international agreements on pollution strategies. Consideration and comparison of how both deontological and utilitarian approaches to ethics address this issue may make for interesting debate. In addition, the role of international legislation compared to increasing public awareness in tackling the problem could arguably be seen as a directly parallel debate. That is, is a system of rules, or appealing to the general good, the most effective way forward?

Topic 6: The issue of global warming

TOK: This topic directly and usefully challenges popular views of certainty within the sciences. If the scientific community has access to such certainty, how can it be as publicly divided as it has been in this case? What effect does a highly sensitive political context have on objectivity? Can politicians exploit the ambiguity of conclusions coming from the scientific community to their own ends?

Topic 7: Environmental value systems

TOK: This topic, in its entirety, could be considered a component of a Theory of Knowledge course, and particularly directs students to evaluate their own personal standpoints. Any knowledge, including all that gained from this course, once it is put to use in either intellectual argument or practical application, tends to carry with it a value‑laden context. Even where the data itself is highly objective, the selection of the data is rarely value-free. Besides, valuing objectivity over subjectivity can be seen as a value in itself.

ToK and the Extended Essay

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of he hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Extended Essay


Relationship to Theory of Knowledge

Whichever subject is chosen, the extended essay shares with the Theory of Knowledge (TOK) course a concern with interpreting and evaluating evidence, and constructing reasoned arguments. Where the two differ is in the emphasis placed on the research process and its formal outcomes. These aspects are of primary importance in the extended essay but are given much less weight in TOK: in the Theory of Knowledge guide (March 2006) the section describing the TOK assessment tasks states that “neither the [TOK] essay nor the presentation is primarily a research exercise”. At a more abstract level, both TOK and the extended essay promote reflection on the nature of knowledge and on how new knowledge is produced.

Extended essays cannot be submitted in Theory of Knowledge.
ToK in Geography

ToK-related sections from your Subject Guide

The core of the hexagon

All Diploma Programme students participate in the three course requirements that make up the core of the hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Group 3 aims

The aims of all subjects in group 3, individuals and societies are to:

· enable the student to recognize that the content and methodologies of the subjects in group 3 are contestable and that their study requires the toleration of uncertainty.
Geography and theory of knowledge

Students of group 3 subjects study individuals and societies. This means that they explore the interactions between humans and their environment in time and place. As a result, these subjects are often known collectively as the “human sciences” or “social sciences”.

As with other subject areas, there is a variety of ways of gaining knowledge in group 3 subjects. For example, archival evidence, data collection, experimentation, observation, and inductive and deductive reasoning can all be used to help explain patterns of behaviour and lead to knowledge claims. Students in group 3 subjects are required to evaluate these knowledge claims by exploring knowledge issues such as validity, reliability, credibility, certainty and individual as well as cultural perspectives.

The relationship between each subject and theory of knowledge is important and fundamental to the Diploma Programme. Having followed a course of study in group 3, students should be able to reflect critically on the various ways of knowing and methods used in human sciences. In doing so, they will become “inquiring, knowledgeable and caring young people” (IB mission statement).
During the Diploma Programme geography course, a number of issues will arise that highlight the relationship between theory of knowledge and geography. Some of the questions that might be considered during the course are identified below.

· Are the findings of the natural sciences as reliable as those of the human sciences? What is the meaning of “a scientific law” in each area?

· To what extent do maps reflect reality?

· Do regions have boundaries?

· To what extent might it be true that geography combines the methods of human and natural sciences?

· Some geographical topics, such as climate change, are controversial. How does the scientific method

· attempt to address them? Are such topics always within the scope of the scientific method?

· What scientific or social factors might influence the study of a complex phenomenon such as global warming?

· Often in geography a model of reality is created. What does this mean? What are the advantages and disadvantages of creating a geographic model? In what areas of geography are models most common?

· Arguably, while some aspects of geography can be measured, others cannot. Is this the case? What is it about a quality that means it cannot be quantified?

· If humans are individual and unique, does this mean that there can be no reliable laws in human geography?

· Many geographers and others value diversity in human affairs. Is globalization therefore a bad thing?
ToK in group 2 modern foreign languages

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of he hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Introduction to Group 2 subjects


Successful Diploma candidates meet three requirements in addition to the six subjects. The interdisciplinary Theory of Knowledge (TOK) course is designed to develop a coherent approach to learning which transcends and unifies the academic areas and encourages appreciation of other cultural perspectives.

Group 2 aims


Group 2 consists of a range of language courses accommodating the different levels of linguistic proficiency that students have already gained when they begin. There is a single set of group 2 aims, common to all the courses, but the objectives are differentiated according to what the candidates are expected to be able to demonstrate at the end of each course.

The aims of group 2 are to:

· develop students’ awareness of the role of language in relation to other areas of knowledge

There are no other TOK-specific references, though the following (edited) excerpts from the Classical Languages guide might be of use:

The study of … languages offers many possibilities for Theory of Knowledge questioning and reflection. A central aim of these courses is to encourage students to develop awareness and appreciation of the different perspectives of people from (other) cultures, an aim very much in keeping with a key strand of Theory of Knowledge, to open students to other ways of seeing and knowing things.  … it is considered that, through an understanding of the workings of a language, true intellectual contact can be made with (other) peoples, in itself an idea that students need to examine critically. Learning the grammar, syntax and vocabulary of the language is not an end in itself but enables students to read a variety of literature … and, through analysis and interpretation, to try to understand (different cultures). In exploring the implications of the language studied, and using that to try to reach an understanding of the knowledge, values, skills and beliefs of the related culture, students are naturally engaging in a Theory of  Knowledge type of activity.

The following questions are adapted from the Theory of Knowledge guide. They are intended to assist teachers of classical languages to challenge  students to explore the method of study in the field and to enhance students’  critical reflection on related knowledge issues, ways of knowing and areas of  knowledge.

· What different functions does language perform? Which are most relevant in creating and communicating knowledge?

· What is lost in translation from one language to another? Why?

· Can emotions be classified as good or bad? Can there be a correct emotional response to different ethical values and practices in (other cultures)?

· Can a study of (other cultures) be free of bias in the selection and interpretation of material?

· Can a study of the (other cultures) provide a guide to understanding (our own)?

· To what extent do moral values differ, depending on the society or the historical time? For example, can a practice such as slavery be right in one … region and wrong in another?

· Can the practice of one society be judged with any validity by applying the values of … another culture?

ToK in History

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of the hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Introduction to Group 3 subjects


Successful Diploma candidates meet three requirements in addition to the six subjects. The interdisciplinary Theory of Knowledge (TOK) course is designed to develop a coherent approach to learning which transcends and unifies the academic areas and encourages appreciation of other cultural perspectives.

Group 3 aims


The aims of all subjects in group 3, individuals and societies are to:

· enable the student to recognize that the content and methodologies of the subjects in group 3 are contestable and that their study requires the toleration of uncertainty.

History


History and Theory of Knowledge

Group 3 subjects study individuals and societies. More commonly, these subjects are collectively known as the human sciences or social sciences. In essence, group 3 subjects explore the interactions between humans and their environment in time, space and place.

As with other areas of knowledge, there is a variety of ways of gaining knowledge in group 3 subjects. Archival evidence, data collection, experimentation and observation, inductive and deductive reasoning, for example, can all be used to help explain patterns of behaviour and lead to knowledge claims. Students in group 3 subjects are required to evaluate these knowledge claims by exploring knowledge issues such as validity, reliability, credibility, certainty and individual, as well as cultural, perspectives.

The relationship between each group 3 subject and Theory of Knowledge is of crucial importance and fundamental to the Diploma Programme. Having followed a course of study in group 3, students should be able to reflect critically on the various ways of knowing and on the methods used in human sciences, and in so doing become “inquiring, knowledgeable and caring young people” (IB mission statement).

During the course a number of issues will arise that highlight the relationship between Theory of Knowledge and history. Teachers should be aware of the following questions and use them implicitly and explicitly in their teaching of the history syllabus.

· Why study history?

· Is knowledge of the past ever certain?

· Does the study of history widen our knowledge of human nature?

· Can history help in understanding the present or predicting the future?

· To what extent does emotion play a role in an historian’s analysis? Is (historical) objectivity possible?

· Why do accounts of the same historical event differ? Whose history do we study?

· What determines how historians select evidence and describe/interpret or analyse events?

· What problems are posed for the study of history by changes in language and culture over time?

· Can history be considered in any sense “scientific”?

ToK in ITGS

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of the hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Introduction to Group 3 subjects


Successful Diploma candidates meet three requirements in addition to the six subjects. The interdisciplinary Theory of Knowledge (TOK) course is designed to develop a coherent approach to learning which transcends and unifies the academic areas and encourages appreciation of other cultural perspectives.

Group 3 aims


The aims of all subjects in group 3, individuals and societies are to:

· enable the student to recognize that the content and methodologies of the subjects in group 3 are contestable and that their study requires the toleration of uncertainty.

ITGS


(no ToK-specific references)

ToK in Mathematics

ToK-related sections from your Subject Guide

Introduction


The interdisciplinary Theory of Knowledge (TOK) course is designed to develop a coherent approach to learning that transcends and unifies the academic areas and encourages appreciation of other cultural perspectives.

Mathematics


Nature of the subject

The nature of mathematics can be summarized in a number of ways: for example, it can be seen as a well-defined body of knowledge, as an abstract system of ideas, or as a useful tool. For many people it is probably a combination of these, but there is no doubt that mathematical knowledge provides an important key to understanding the world in which we live. Mathematics can enter our lives in a number of ways: we buy produce in the market, consult a timetable, read a newspaper, time a process or estimate a length. Mathematics, for most of us, also extends into our chosen profession: artists need to learn about perspective; musicians need to appreciate the mathematical relationships within and between different rhythms; economists need to recognize trends in financial dealings; and engineers need to take account of stress patterns in physical materials. Scientists view mathematics as a language that is central to our understanding of events that occur in the natural world. Some people enjoy the challenges offered by the logical methods of mathematics and the adventure in reason that mathematical proof has to offer. Others appreciate mathematics as an aesthetic experience or even as a cornerstone of philosophy. This prevalence of mathematics in our lives provides a clear and sufficient rationale for making the study of this subject compulsory within the DP.

The specific purposes of portfolio work are to:

· develop students’ personal insight into the nature of mathematics and to develop their ability to ask their own questions about mathematics

· provide students with the opportunity to experience for themselves the beauty, power and usefulness of mathematics

· provide opportunities for students to show, with confidence, what they know and what they can do.

Type I—mathematical investigation

While many teachers incorporate a problem-solving approach into their classroom practice, students also should be given the opportunity formally to carry out investigative work. The mathematical investigation is intended to highlight that:

· the idea of investigation is fundamental to the study of mathematics

· investigation work often leads to an appreciation of how mathematics can be applied to solve problems in a broad range of fields

· the discovery aspect of investigation work deepens understanding and provides intrinsic motivation

· during the process of investigation, students acquire mathematical knowledge, problem-solving techniques, a knowledge of fundamental concepts and an increase in self-confidence.

All investigations develop from an initial problem, the starting point. The problem must be clearly stated and contain no ambiguity. In addition, the problem should:

· provide a challenge and the opportunity for creativity

· contain multi-solution paths, that is, contain the potential for students to choose different courses of action from a range of options.

Essential skills to be assessed

· Producing a strategy

· Generating data

· Recognizing patterns or structures

· Searching for further cases

· Forming a general statement

· Testing a general statement

· Justifying a general statement

· Appropriate use of technology

Type II—Mathematical modelling

Problem solving usually elicits a process-oriented approach, whereas mathematical modelling requires an experimental approach. By considering different alternatives, students can use modelling to arrive at a specific conclusion, from which the problem can be solved. To focus on the actual process of modelling, the assessment should concentrate on the appropriateness of the model selected in relation to the given situation, and on a critical interpretation of the results of the model in the real-world situation chosen.

Mathematical modelling involves the following skills.

· Translating the real-world problem into mathematics

· Constructing a model

· Solving the problem

· Interpreting the solution in the real-world situation (that is, by the modification or amplification of the problem)

· Recognizing that different models may be used to solve the same problem

· Comparing different models

· Identifying ranges of validity of the models

· Identifying the possible limits of technology

· Manipulating data

Essential skills to be assessed

· Identifying the problem variables

· Constructing relationships between these variables

· Manipulating data relevant to the problem

· Estimating the values of parameters within the model that cannot be measured or calculated from the data

· Evaluating the usefulness of the model

· Communicating the entire process

· Appropriate use of technology

ToK in Music

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of he hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Music and theory of knowledge

Students of group 6 subjects study the various artistic ways through which knowledge, skills and attitudes from different cultural traditions are developed and transmitted. These subjects, known collectively as “the arts” allow students to investigate and reflect on the complexities of the human condition. By exploring a range of materials and technologies, students should aim to develop an understanding of the technical, creative, expressive and communicative aspects of the arts.

Students of group 6 subjects analyse knowledge from various perspectives, and they acquire this knowledge through experiential means as well as more traditional academic methods. The nature of the arts is such that an exploration of the areas of knowledge in general, and knowledge of the different art forms specifically, can combine to help us understand ourselves, our patterns of behaviour and our relationship to each other and our wider environment.

Group 6 subjects complement the theory of knowledge (TOK) ethos by revealing interdisciplinary connections and allowing students to explore the strengths and limitations of individual and cultural perspectives. Studying the arts requires students to reflect on and question their own bases of knowledge. In addition, by exploring other Diploma Programme subjects in an artistic fashion, students can gain an understanding of the interdependent nature of knowledge and are encouraged to become “active, compassionate and lifelong learners who understand that other people, with their differences, can also be right” (IB mission statement).

Whether music be personal or communal expression, recreation, ritual, entertainment or commercial enterprise, it shares the educational concerns of TOK. Teachers are encouraged to refer to the Theory of knowledge guide for further guidance and information.

Questions related to TOK activities that a music student might consider include the following.

· Why are the arts important?

· What do the subjects that make up the arts have in common?

· What are the roles of emotion and reason in the arts?

· To what extent do the other Diploma Programme subjects have “artistic” qualities?

· What are the standards by which we judge art? Can we justify these standards and, if so, how?

· What moral responsibilities does the artist have? Are they different to those of any other “knower”?

· It has been said that there is a difference between the condition of humans and the human condition, and that the sciences can tell us about the former, but we need the arts to tell us about the latter. Would you agree?

· What is the function of music? Is this the same throughout the world, time and place?

· To what extent does music reflect the values, beliefs and attitudes of the time and place in which it is made?

· To what extent can the music of one culture be understood by others?

· To what extent does the work of the musician influence an existing culture? To what extent does an existing culture influence a musician working within it?

· What makes an artistic piece “great”? Does this vary within and across time and culture?

· Can it be said that one musical scale is more natural than another?

· To what extent does the knowledge gained in a musical performance differ from other types of knowledge?

· Is the composer’s intention important to the listener? To what extent would this affect the performance?

· How can music evoke an emotional response from the listener? Is this a way of knowing?

· Why has some music been feared by the political establishment?

Group 6 aims

Through studying any of the group 6 subjects, the arts, students become aware of how artists work and communicate. The aims of all subjects in group 6 are to enable students to:

1. enjoy lifelong engagement with the arts

2. become informed, reflective and critical practitioners in the arts

3. understand the dynamic and changing nature of the arts

4. explore and value the diversity of the arts across time, place and cultures

5. express ideas with confidence and competence

6. develop perceptual and analytical skills.

Music aims

In addition, the aim of the music course at SL and HL is to enable students to:

7. develop their knowledge and potential as musicians, both personally and collaboratively. 
ToK in Philosophy

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of the hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Introduction to Group 3 subjects


Successful Diploma candidates meet three requirements in addition to the six subjects. The interdisciplinary Theory of Knowledge (TOK) course is designed to develop a coherent approach to learning which transcends and unifies the academic areas and encourages appreciation of other cultural perspectives.

Group 3 aims


The aims of all subjects in group 3, individuals and societies are to:

· enable the student to recognize that the content and methodologies of the subjects in group 3 are contestable and that their study requires the toleration of uncertainty.

Philosophy


Philosophy and TOK

Students of group 3 subjects study individuals and societies. This means that they explore the interactions between humans and their environment in time and place. As a result, these subjects are often known collectively as the “human sciences” or “social sciences”.

As with other subject areas, there is a variety of ways of gaining knowledge in group 3 subjects. For example, archival evidence, data collection, experimentation, observation, inductive and deductive reasoning can all be used to help explain patterns of behaviour and lead to knowledge claims. Students of group 3 subjects are required to evaluate these knowledge claims by exploring knowledge issues such as validity, reliability, credibility, certainty, and individual as well as cultural perspectives.

The relationship between group 3 subjects and Theory of Knowledge (TOK) is of crucial importance and fundamental to the Diploma Programme. Having followed a course of study in group 3, students should be able to reflect critically on the various ways of knowing and methods used in human sciences, and, in doing so, become “inquiring, knowledgeable and caring young people” (IBO mission statement).

Philosophy allows us to explore and reflect on the nature and meaning of being human. By doing this, philosophy helps us to understand ourselves, analyse and assess our relations with others, and evaluate our patterns of behaviour. By presenting an opportunity to engage in these activities, philosophy shares common concerns and interests with TOK, including epistemology. Philosophy raises specific questions and invites ways of exploring these questions as they relate to the human condition. This involves a consideration of the ways that knowledge claims could be formulated and the role that knowledge plays within the area of reflecting on human activity. In the philosophy course the emphasis is on a classical and contemporary philosophical investigation into the grounds and basis of knowledge.

Questions related to TOK activities, which a philosophy student might consider, include the following.

· What activities are at work in the knowing process?

· Why and how does performing the activity of knowing constitute what we call “knowledge”?

· What do we actually know when we are engaged in the activity of knowing?

· How can I know myself, the other and understand my relations with others?

· How can I assess the truth claims of different knowledge pursuits (for example, the sciences, the arts, religion)?

· In what ways can I understand and evaluate patterns of behaviour I observe in the world around me?

The aims of the philosophy course at HL and SL are to enable students to:

· develop an intellectually independent and creative way of thinking

· relate their philosophical understanding to other disciplines and to personal, social and civic life

· formulate arguments in a sound and purposeful way

· examine critically their own experience and their ideological and cultural perspectives

· appreciate the diversity of philosophical thinking

· appreciate the impact of cultural diversity upon philosophical thinking.

Optional themes

Theme 1: Grounds of epistemology

Epistemology is the study of the nature, origin, scope and limits of human knowledge. This theme generally draws on a classical approach where rationalism and empiricism have played a leading role, but does not exclude other perspectives.

This theme allows students to explore philosophically such questions as: Can I know anything at all? What role does experience and reason play in the acquisition of knowledge? What is the relationship between knowledge and certainty? Is certainty possible or is all knowledge relative? Is there an end to knowledge? Is knowledge culturally dependent? Does language determine fact or do facts speak for themselves? How important is the continuous development of knowledge for the advancement of humanity?

Possible topics for study

· How do we experience the world around us?

· Rationalism and empiricism

· Opinion, belief, knowledge

· Language and meaning

· Truth, coherence, correspondence and pragmatism

Knowledge, truth and certainty

· Realism, scepticism and the arguments from illusion, mysticism

· Theories of justification

Challenges to knowledge and confirmation of knowledge

· Access to knowledge

· Knowledge and technology

· Knowledge and power

Theme 2: Theories and problems of ethics

This theme deals with ethical questions from a variety of perspectives. It is concerned with practical decision-making and the way people think they ought to lead their lives. Ethics explores the possible grounds for making moral decisions and examines notions such as freedom, values, responsibility and virtue. Ethics also entails a reflection upon experiences such as friendship, hospitality and love. A study of applied ethics explores approaches to important issues, some of which may be of international concern.

This theme allows students to explore philosophically such questions as: Are  here fundamental moral principles that apply in every situation? How do we decide if a particular action is right or wrong? How should we treat people? Are moral decisions culturally influenced? What do we mean when we say something is right or wrong?

Possible topics for study

· Do moral principles exist? Are they universal or relative to a particular situation or culture?

· Are some virtues more important than others?

· Self-interest versus the interests of others (ethical egoism)

· Doing the ”right thing” and doing the ”best thing” (deontological versus teleological theories)

· The greatest good of the greatest number

· Duty, dharma
Principles for moral action—normative ethics

· The origins and nature of moral values

· Is moral sense natural or cultural? Relative or universal? Subjective or objective?

· What is the significance of calling something right or wrong?

· Is moral behaviour found only in human beings?

· Foundations for moral judgments: belief in a higher being, rationality, emotion, natural law, gender, environment
The nature of moral judgment—meta-ethics

· Bio-medical ethics

· Environmental ethics

· Distribution of wealth—ethical responsibilities to humanity

Applied ethics

Theme 4: Philosophy of art

Philosophy of art raises questions about the artist, the relations between art and society, aesthetic judgment and the very nature of a work of art from a multicultural perspective. It covers art in all its different forms, for example, music, painting, sculpture, literature, photography, film and drama.

This theme allows students to explore philosophically such questions as: What is art? What is an artist? Are we all born artists? Do all works of art arise from the same artistic impulse? Can we identify works of art outside what a given society calls art? Should art have any religious, moral or political message?  How do we explain the fact that works of art are sometimes so expensive? Is it because they are unique, because they have intrinsic value? How do we define what is beautiful and what is ugly? Is beauty always in the eye of the beholder? Why should we be concerned with works of art when they might not seem to have any direct utility?

Possible topics for study

The artist

· Is the notion of ”the artist” a construct of Western civilization?

· The artist versus the craftsperson

· Creative licence: conformity, censorship, sponsorship

· Accountability: to oneself, to a cause, to moral, political or social ends

· The artist as a reflector of existing values or as an agent of change

· The beholder as an artist

The artistic process

· The nature of creativity

· The artistic process around the world: function, form and content

· Is art a means to an end or an end in itself?

· The artistic process as imitation, transformation, creation

· The artistic process as a means of expression, communication, education, propaganda, indoctrination

· The impact of various technologies on the production and concept of art

· Is art always the product of human activity?

Art, aesthetic experience and artistic judgment

· ”Great works of art”, artefacts, crafts, pop art, reproductions

· Is it valid to classify forms of art? Does the diversity of forms of art imply there is no universal message?

· Can we make a judgment about a work of art? Must art endure to be art?

· Aesthetic experience: pleasure, beauty, ugliness, perfection, the sublime, spontaneity, provocation

· Art as a consumer good

ToK in Physics

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of he hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Group 4 subjects and TOK


In looking at the ways of knowing described in the Theory of Knowledge guide (March 2006), scientists could legitimately claim that science encompasses all these. Driven by emotion, using sense perception, enhanced by technology and combined with reason, it communicates through language, principally the universal language of mathematics. There is no one scientific method, in the strict Popperian sense, of gaining knowledge, of finding explanations for the behaviour of the natural world. Science works through a variety of approaches to produce these explanations, but they all rely on data from observations and experiments and have a common underpinning rigour, whether using inductive or deductive reasoning. The explanation may be in the form of a theory, sometimes requiring a model that contains elements not directly observable. Producing these theories often requires an imaginative, creative leap. Where such a predictive theoretical model is not possible, the explanation may consist of identifying a correlation between a factor and an outcome. This correlation may then give rise to a causal mechanism that can be experimentally tested, leading to an improved explanation. All these explanations require an understanding of the limitations of data, and the extent and limitations of our knowledge. Science requires freedom of thought and openmindedness, and an essential part of the process of science is the way the international scientific community subjects the findings of scientists to intense critical scrutiny through the repetition of experiments and the peer review of results in scientific journals and at conferences. The syllabus details sections in the group 4 guides give references in teacher’s notes to appropriate topics where these aspects of the scientific way of knowing can be addressed.

Group 4 subjects and the international dimension


The power of scientific knowledge to transform societies is unparalleled. It has the potential to produce great universal benefits or to reinforce inequalities and cause harm to people and the environment. In line with the IBO mission statement, group 4 students need to be aware of the moral responsibility of scientists to ensure that scientific knowledge and data are available to all countries on an equitable basis and that they have the scientific capacity to use this for developing sustainable societies.

Physics


1.1.2
State the ranges of magnitude of distances, masses and times that occur in the universe, from smallest to greatest.

TOK: This is a very stimulating area for a discussion of ways of knowing.

1.2
Measurement and uncertainties

TOK: Data and its limitations is a fruitful area for discussion.

2.2
Forces and dynamics

TOK: The development of the laws of motion raises interesting issues relating to correlation and cause and scientific theories.

Kinetic model of an ideal gas

TOK: The use of modelling in science may be introduced here.

Topic 6: Fields and forces

TOK: The concept of fields in science is well worth exploring.

7.2.4
Outline the biological effects of ionizing radiation.

TOK: Correlation and cause, and risk assessment, can also be looked at.

8.5.13
Solve problems on the greenhouse effect and the heating of planets using a simple energy balance climate model.

TOK: The use and importance of computer modelling can be explained as a powerful means by which knowledge may be gained.

Topic 9: Motion in fields

TOK: This topic includes how fundamental concepts may be applied to different phenomena.

12.3.5
Discuss some of the possible risks involved in living and working near high-voltage power lines.

TOK: The use of risk assessment in making scientific decisions can be discussed here. The issues of correlation and cause, and the limitations of data, are also relevant here.

Topic 13 / Option B: Quantum physics and nuclear physics

TOK: This topic raises fundamental philosophical problems related to the nature of observation and measurement. The concept of paradigm shift can be developed here.

A.1.6
Discuss the effect of light and dark, and colour, on the perception of objects.

TOK: This can contribute to a discussion on perception.

Option D: Relativity and particle physics and Option H: Relativity

TOK: This is an opportunity to introduce the concept of a paradigm shift in relation to scientific understanding. The role of theories and their testing by experiment is crucial here. The meaning of time, the concepts of time dilation and length contraction, the absolute value of the velocity of EM waves are all stimulating ideas for discussion.

D4 Particles and interactions and D5 Quarks

TOK: D4 and D5 contain a wealth of material for discussion, for example, the nature of observation, the meaning of measurement, and the meaning of evidence. How developments in one field lead to breakthroughs in another is also a fascinating topic, for example, particle physics and cosmology.

Option E: Astrophysics

TOK: This option also allows for much discussion of scientific theories (on the nature and origin of the universe) and how those theories are developed and accepted or abandoned.

Option G: Electromagnetic waves

TOK: This is a good opportunity to show how the unifying concept of waves leads to a powerful synthesis.

G.1.1
Outline the nature of electromagnetic (EM) waves.

TOK: Students could consider the possible health hazards associated with transmission lines.

I.3.2
Discuss the precautions taken in situations involving different types of radiation.

TOK: They should appreciate that current practice is determined from a gradual increase in available data.

I.3.3
Discuss the concept of balanced risk.

TOK: Students should appreciate that codes of practice have been developed for conduct involving the use of radiations.

Option J: Particle physics

TOK: This whole option contains a wealth of information for discussion, for example, the nature of observation, the meaning of measurement, and the meaning of evidence. How developments in one field lead to breakthroughs in another is also a fascinating topic, for example, particle physics and cosmology.

ToK in Psychology

ToK-related sections from your Subject Guide

The core of the hexagon

All Diploma Programme students participate in the three course requirements that make up the core of the hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Group 3 aims

The aims of all subjects in group 3, individuals and societies are to:

· enable the student to recognize that the content and methodologies of the subjects in group 3 are contestable and that their study requires the toleration of uncertainty.
Psychology and theory of knowledge

Students of group 3 subjects study individuals and societies. More commonly, these subjects are collectively known as the human sciences or social sciences. In essence, group 3 subjects explore the interactions between humans and their environment in time, space and place.

As with other areas of knowledge, there is a variety of ways of gaining knowledge in group 3 subjects. Archival evidence, data collection, experimentation and observation, and inductive and deductive reasoning can all be used to help explain patterns of behaviour and lead to knowledge claims. Students in group 3 subjects are required to evaluate these knowledge claims by exploring knowledge issues such as validity, reliability, credibility, certainty, and individual as well as cultural perspectives.

The relationship between group 3 subjects and theory of knowledge is of crucial importance and fundamental to the Diploma Programme. Having followed a course of study in group 3, students should be able to critically reflect on the various ways of knowing and on the methods used in human sciences, and in so doing become “inquiring, knowledgeable and caring young people” (IB mission statement).

Questions related to theory of knowledge activities that a psychology student might consider during the course include the following.

· To what extent are the methods of the natural sciences applicable in the human sciences?

· Are the findings of the natural sciences as reliable as those of the human sciences?

· To what extent can empathy, intuition and feeling be legitimate ways of knowing in the human sciences?

· Are there human qualities or behaviours that will remain beyond the scope of the human sciences?

· To what extent can information in the human sciences be quantified?

· Do knowledge claims in the human sciences imply ethical responsibilities?

· To what extent do the knowledge claims of the social sciences apply across different historical periods and cultures?

· Does psychological research ever prove anything? Why do we say that results only indicate or suggest?

· How are ethics involved in the study of psychology? When and how do ethical standards change?

· Noam Chomsky has written, “ … we will always learn more about human life and human personality from novels than from scientific psychology.” Would you agree?
ToK in Theatre

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of he hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Introduction to Group 6 subjects


Students of group 6 subjects study the various artistic ways through which knowledge, skills and attitudes from different cultural traditions are developed and transmitted. These subjects, known collectively as “the arts” allow students to investigate and reflect on the complexities of the human condition. By exploring a range of materials and technologies, students should aim to develop an understanding of the technical, creative, expressive and communicative aspects of the arts.

Students of group 6 subjects analyse knowledge from various perspectives, and they acquire this knowledge through experiential means as well as more traditional academic methods. The nature of the arts is such that an exploration of the areas of knowledge in general, and knowledge of the different art forms specifically, can combine to help us understand ourselves, our patterns of behaviour and our relationship to each other and our wider environment.

Group 6 subjects complement the Theory of Knowledge (TOK) ethos by revealing interdisciplinary connections and allowing students to explore the strengths and limitations of individual and cultural perspectives. Studying the arts requires students to reflect on and question their own bases of knowledge. In addition, by exploring other Diploma Programme subjects in an artistic fashion, students can gain an understanding of the interdependent nature of knowledge and are encouraged to become “active, compassionate and lifelong learners who understand that other people, with their differences, can also be right” (IBO mission statement).

Theatre


Theatre and TOK

Questions related to TOK activities that a theatre student might consider include the following.

· Why are the arts important?

· What do the subjects that make up the arts have in common?

· What are the roles of emotion and reason in the arts?

· To what extent do other Diploma Programme subjects have “artistic” qualities?

· What are the standards by which we judge art? Can we justify these standards, and, if so, how?

· What moral responsibilities does the artist have? Are they different to those of any other “knower”?

· What is the function of theatre: to capture a perception of reality, to teach or uplift the mind, to express emotion, to create beauty, to bind a community or to praise a spiritual power?

· How are ethics involved in the study of theatre? When and how do ethical standards change?

· How do we gain knowledge through the study of theatre? Is this knowledge of a universal nature or is it too heavily embedded in cultural factors?

ToK in Visual Arts

ToK-related sections from your Subject Guide

The core of the hexagon


All Diploma Programme students participate in the three course requirements that make up the core of he hexagon. Reflection on all these activities is a principle that lies at the heart of the thinking behind the Diploma Programme.

The Theory of Knowledge course encourages students to think about the nature of knowledge, to reflect on the process of learning in all the subjects they study as part of their Diploma Programme course, and to make connections across the academic areas.

Introduction to Group 6 subjects


Students of group 6 subjects study the various artistic ways through which knowledge, skills and attitudes from different cultural traditions are developed and transmitted. These subjects, known collectively as “the arts” allow students to investigate and reflect on the complexities of the human condition. By exploring a range of materials and technologies, students should aim to develop an understanding of the technical, creative, expressive and communicative aspects of the arts.

Students of group 6 subjects analyse knowledge from various perspectives, and they acquire this knowledge through experiential means as well as more traditional academic methods. The nature of the arts is such that an exploration of the areas of knowledge in general, and knowledge of the different art forms specifically, can combine to help us understand ourselves, our patterns of behaviour and our relationship to each other and our wider environment.

Group 6 subjects complement the Theory of Knowledge (TOK) ethos by revealing interdisciplinary connections and allowing students to explore the strengths and limitations of individual and cultural perspectives. Studying the arts requires students to reflect on and question their own bases of knowledge. In addition, by exploring other Diploma Programme subjects in an artistic fashion, students can gain an understanding of the interdependent nature of knowledge and are encouraged to become “active, compassionate and lifelong learners who understand that other people, with their differences, can also be right” (IBO mission statement).

Visual Arts


Whatever form visual arts take (for example, a personal expression of ideas, commercial enterprise or ritual), they share similar educational concerns and interests with TOK. The investigation workbooks are a particularly good vehicle to investigate issues related to life and knowledge as explored through the study of visual arts. For example, a student might wish to investigate controversial works and their impact on societies, and the extent to which an artist should or should not challenge standards of morality. Teachers are encouraged to refer to the Theory of Knowledge guide (March 2006) for further guidance and information.

Questions related to TOK activities that a visual arts student might consider include the following.

· Why are the arts important?

· What do the subjects that make up the arts have in common?

· What are the roles of emotion and reason in the arts?

· To what extent do other Diploma Programme subjects have “artistic” qualities?

· What are the standards by which we judge art? Can we justify these standards, and, if so, how?

· What moral responsibilities does the artist have? Are they different to those of any other “knower”?

· Does the artist have a responsibility to reflect on the values, beliefs and attitudes of his or her time and place?

· To what extent does an artist have a moral obligation to avoid or confront controversial issues that might shock or be contrary to those of the common populace?

· To what extent does the work of the artist influence the culture in which it was created? To what extent does the existing culture influence the artist working within it?

· Is it possible for artistic expression in visual arts to take the place of words?

· Is it important for artworks to be original? Why?

· Is art simply an imitation of an idea?

· Is the artist’s intention relevant to the viewer?

· What do we expect from art? Truth? Seduction? Provocation? Beauty?

· What does it mean to say “I know an artwork”?

· What is art?
