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IBO mission statement
The International Baccalaureate Organization aims to develop inquiring, 
knowledgeable and caring young people who help to create a better and  
more peaceful world through intercultural understanding and respect.

To this end the IBO works with schools, governments and international 
organizations to develop challenging programmes of international education  
and rigorous assessment.

These programmes encourage students across the world to become active, 
compassionate and lifelong learners who understand that other people, with 
their differences, can also be right.





IB learner profile
The aim of all IB programmes is to develop internationally minded people who, recognizing their common 
humanity and shared guardianship of the planet, help to create a better and more peaceful world. 

IB learners strive to be:

Inquirers They develop their natural curiosity. They acquire the skills necessary to conduct 
inquiry and research and show independence in learning. They actively enjoy 
learning and this love of learning will be sustained throughout their lives.

Knowledgeable They explore concepts, ideas and issues that have local and global significance. In so 
doing, they acquire in-depth knowledge and develop understanding across a broad 
and balanced range of disciplines.

Thinkers They exercise initiative in applying thinking skills critically and creatively to recognize 
and approach complex problems, and make reasoned, ethical decisions.

Communicators They understand and express ideas and information confidently and creatively in 
more than one language and in a variety of modes of communication. They work 
effectively and willingly in collaboration with others.

Principled They act with integrity and honesty, with a strong sense of fairness, justice and 
respect for the dignity of the individual, groups and communities. They take 
responsibility for their own actions and the consequences that accompany them.

Open-minded They understand and appreciate their own cultures and personal histories, and are 
open to the perspectives, values and traditions of other individuals and communities. 
They are accustomed to seeking and evaluating a range of points of view, and are 
willing to grow from the experience.

Caring They show empathy, compassion and respect towards the needs and feelings of 
others. They have a personal commitment to service, and act to make a positive 
difference to the lives of others and to the environment.

Risk-takers They approach unfamiliar situations and uncertainty with courage and forethought, 
and have the independence of spirit to explore new roles, ideas and strategies. They 
are brave and articulate in defending their beliefs.

Balanced They understand the importance of intellectual, physical and emotional balance to 
achieve personal well-being for themselves and others. 

Reflective They give thoughtful consideration to their own learning and experience. They are 
able to assess and understand their strengths and limitations in order to support 
their learning and personal development.
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The Diploma Programme is a rigorous pre-university course of study designed for students in the 16 to 19 
age range. It is a broad-based two-year course that aims to encourage students to be knowledgeable and 
inquiring, but also caring and compassionate. There is a strong emphasis on encouraging students to 
develop intercultural understanding, open-mindedness, and the attitudes necessary for them to respect 
and evaluate a range of points of view. 

The Diploma Programme hexagon
The course is presented as six academic areas enclosing a central core. It encourages the concurrent 
study of a broad range of academic areas. Students study: two modern languages (or a modern language 
and a classical language); a humanities or social science subject; an experimental science; mathematics; 
one of the creative arts. It is this comprehensive range of subjects that makes the Diploma Programme a 
demanding course of study designed to prepare students effectively for university entrance. In each of the 
academic areas students have flexibility in making their choices, which means they can choose subjects 
that particularly interest them and that they may wish to study further at university.
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Choosing the right combination
Students are required to choose one subject from each of the six academic areas, although they can choose 
a second subject from groups 1 to 5 instead of a group 6 subject. Normally, three subjects (and not more 
than four) are taken at higher level (HL), and the others are taken at standard level (SL). The IBO recommends 
240 teaching hours for HL subjects and 150 hours for SL. Subjects at HL are studied in greater depth and 
breadth than at SL.

At both levels, many skills are developed, especially those of critical thinking and analysis. At the end of 
the course, students� abilities are measured by means of external assessment. Many subjects contain some 
element of coursework assessed by teachers. The course is available for examinations in English, French and 
Spanish.

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 (TOK) 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. The extended essay, a substantial piece of writing 
of up to 4,000 words, enables students to investigate a topic of special interest that they have chosen 
themselves. It also encourages them to develop the skills of independent research that will be expected 
at university. Creativity, action, service (CAS) involves students in experiential learning through a range of 
artistic, sporting, physical and service activities.

The IBO mission statement and the IB learner profile
The Diploma Programme aims to develop in students the knowledge, skills and attitudes they will need 
to fulfill the aims of the IBO, as expressed in the organization�s mission statement and the learner profile. 
Teaching and learning in the Diploma Programme represent the reality in daily practice of the organization�s 
educational philosophy.

First examinations 2009
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Difference between SL and HL
Group 4 students at standard level (SL) and higher level (HL) undertake a common core syllabus, a common 
internal assessment (IA) scheme and have some overlapping elements in the options studied. They are 
presented with a syllabus that encourages the development of certain skills, attributes and attitudes, as 
described in the �Objectives� section of this guide.

While the skills and activities of group 4 science subjects are common to students at both SL and HL, 
students at HL are required to study some topics in greater depth, to study additional topics and to study 
extension material of a more demanding nature in the common options. The distinction between SL and HL 
is one of breadth and depth.

Group 4 subjects and prior learning
Past experience shows that students will be able to study a group 4 science subject at SL successfully with 
no background in, or previous knowledge of, science. Their approach to study, characterized by the specific 
IB learner profile attributes�inquirers, thinkers and communicators�will be significant here.

However, for most students considering the study of a group 4 subject at HL, while there is no intention 
to restrict access to group 4 subjects, some previous exposure to the specific group 4 subject would be 
necessary. Specific topic details are not specified but students who have undertaken the IB Middle Years 
Programme (MYP) or studied an international GCSE science subject would be well prepared. Other national 
science qualifications or a school-based science course would also be suitable preparation for study of a 
group 4 subject at HL.

Group 4 subjects and the MYP
Students who have undertaken the MYP sciences, technology and mathematics courses will be well 
prepared for group 4 subjects. The MYP science objectives and assessment criteria A�F are aligned 
with the group 4 objectives and IA criteria, and allow for a smooth transition from the MYP to Diploma 
Programme. In particular, the �One world� objective in MYP sciences is further developed in group 4 science 
with the increased emphasis on aim 8�that is, to �raise awareness of the moral, ethical, social, economic 
and environmental implications of using science and technology�. There are specific references to aim 8 
implications in assessment statements and teacher�s notes in the syllabus details sections in all group 4 
guides.
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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 open-
mindedness, 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
Science itself is an international endeavour�the exchange of information and ideas across national 
boundaries has been essential to the progress of science. This exchange is not a new phenomenon but it 
has accelerated in recent times with the development of information and communication technologies. 
Indeed, the idea that science is a Western invention is a myth�many of the foundations of modern-day 
science were laid many centuries before by Arabic, Indian and Chinese civilizations, among others. Teachers 
are encouraged to emphasize this contribution in their teaching of various topics, perhaps through the use 
of time-line web sites. The scientific method in its widest sense, with its emphasis on peer review, open-
mindedness and freedom of thought, transcends politics, religion and nationality. Where appropriate 
within certain topics, the syllabus details sections in the group 4 guides contain assessment statements and 
teacher�s notes illustrating the international aspects of science.

On an organizational level, many international bodies now exist to promote science. United Nations bodies 
such as UNESCO, UNEP and WMO, where science plays a prominent part, are well known, but in addition 
there are hundreds of international bodies representing every branch of science. The facilities for large-
scale experimental science in, for example, particle physics and the Human Genome Project, are expensive 
and only joint ventures involving funding from many countries allow this to take place. The data from 
such research is shared by scientists worldwide. Group 4 students are encouraged to access the extensive 
web sites of these international scientific organizations to enhance their appreciation of the international 
dimension.

Increasingly, however, there is a recognition that many scientific problems, from climate change to AIDS, are 
international in nature and this has led to a global approach to research in many areas. The reports of the 
intergovernmental panel on climate change are a prime example of this. Some topics in the group 4 guides 
are specifically written to bring out this global research.
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On a practical level, the group 4 project (which all science students must undertake) mirrors the work of real 
scientists by encouraging collaboration between schools across the regions.

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.
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A common curriculum model applies to all the Diploma Programme group 4 subjects: biology, chemistry, 
physics and design technology. (There are some differences in this model for design technology and these 
arise from the design project, which is a unique feature of this subject.) Students at both SL and HL study 
a core syllabus, and this is supplemented by the study of options. Students at HL also study additional 
higher level (AHL) material. Students at both SL and HL study two options. There are three kinds of options: 
those specific to SL students, those specific to HL students and those that can be taken by both SL and HL 
students.

Students at SL are required to spend 40 hours, and students at HL 60 hours, on practical/investigative work. 
This includes 10 hours for the group 4 project.

SL group 4 curriculum model

SL Total teaching hours 150

Theory 110

Core 80

Options 30

Practical work 40

Investigations 30

Group 4 project 10

HL group 4 curriculum model

HL Total teaching hours 240

Theory 180

Core 80

Additional higher level (AHL) 55

Options 45

Practical work 60

Investigations 50

Group 4 project 10
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Note: The order in which the syllabus content is presented is not intended to represent the order in 
which it should be taught.

The format of the syllabus details section of the group 4 guides is the same for each subject. The structure 
is as follows.

Topics or options
Topics are numbered and options are indicated by a letter (for example, �Topic 5: Ecology and evolution�, or 
�Option D: Evolution�).

Sub-topics
Sub-topics are numbered and the estimated teaching time required to cover the material is indicated (for 
example, �7.1 DNA structure (2 hours)�). These times are for guidance only and do not include time for 
practical/investigative work.

Assessment statements (AS)
Assessment statements, which are numbered, are expressed in terms of the outcomes that are expected 
of students at the end of the course (for example, �5.1.2 Distinguish between autotroph and heterotroph�). 
These are intended to prescribe to examiners what can be assessed by means of the written examinations. 
Each one is classified as objective 1, 2 or 3 (see the �Objectives� section) according to the command terms 
used (see the �Command terms� section). The objective levels are relevant for the examinations and for 
balance within the syllabus, while the command terms indicate the depth of treatment required for a given 
assessment statement. It is important that students are made aware of the meanings of the command 
terms because these will be used in examination questions. (When the command term �define� is used, 
the word(s) or phrase to be defined is in italics. When the command term �distinguish� is used, the terms or 
concepts to be distinguished are also in italics.)

Teacher�s notes
Teacher�s notes, which are included alongside some assessment statements, provide further guidance to 
teachers.

They may also suggest ideas for the promotion of aim 7, aim 8, TOK and the international dimension (Int).
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Topic or option

Sub-topic

Assessment 
statement

Teacher�s notes

Objective
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Through studying any of the group 4 subjects, students should become aware of how scientists work and 
communicate with each other. While the �scientific method� may take on a wide variety of forms, it is the 
emphasis on a practical approach through experimental work that distinguishes the group 4 subjects from 
other disciplines and characterizes each of the subjects within group 4.

It is in this context that all the Diploma Programme experimental science courses should aim to:

1.	 provide opportunities for scientific study and creativity within a global context that will stimulate and 
challenge students

2.	 provide a body of knowledge, methods and techniques that characterize science and technology

3.	 enable students to apply and use a body of knowledge, methods and techniques that characterize 
science and technology

4.	 develop an ability to analyse, evaluate and synthesize scientific information

5.	 engender an awareness of the need for, and the value of, effective collaboration and communication 
during scientific activities

6.	 develop experimental and investigative scientific skills

7.	 develop and apply the students� information and communication technology skills in the study of 
science

8.	 raise awareness of the moral, ethical, social, economic and environmental implications of using science 
and technology

9.	 develop an appreciation of the possibilities and limitations associated with science and scientists

10.	 encourage an understanding of the relationships between scientific disciplines and the overarching 
nature of the scientific method.
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The objectives for all group 4 subjects reflect those parts of the aims that will be assessed. Wherever 
appropriate, the assessment will draw upon environmental and technological contexts and identify the 
social, moral and economic effects of science.

It is the intention of all the Diploma Programme experimental science courses that students achieve the 
following objectives.

1.	 Demonstrate an understanding of:

a.	 scientific facts and concepts

b.	 scientific methods and techniques

c.	 scientific terminology

d.	 methods of presenting scientific information.

2.	 Apply and use:

a.	 scientific facts and concepts

b.	 scientific methods and techniques

c.	 scientific terminology to communicate effectively

d.	 appropriate methods to present scientific information.

3.	 Construct, analyse and evaluate:

a.	 hypotheses, research questions and predictions

b.	 scientific methods and techniques

c.	 scientific explanations.

4.	 Demonstrate the personal skills of cooperation, perseverance and responsibility appropriate for 
effective scientific investigation and problem solving.

5.	 Demonstrate the manipulative skills necessary to carry out scientific investigations with precision and 
safety.
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These command terms indicate the depth of treatment required for a given assessment statement. These 
command terms will be used in examination questions, so it is important that students are familiar with the 
following definitions.

Objective 1

Define Give the precise meaning of a word, phrase or physical quantity.

Draw Represent by means of pencil lines.

Label Add labels to a diagram.

List Give a sequence of names or other brief answers with no explanation.

Measure Find a value for a quantity.

State Give a specific name, value or other brief answer without explanation or calculation.

Objective 2

Annotate Add brief notes to a diagram or graph.

Apply Use an idea, equation, principle, theory or law in a new situation.

Calculate Find a numerical answer showing the relevant stages in the working (unless instructed 
not to do so).

Describe Give a detailed account.

Distinguish Give the differences between two or more different items.

Estimate Find an approximate value for an unknown quantity.

Identify Find an answer from a given number of possibilities.

Outline Give a brief account or summary.
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Objective 3

Analyse Interpret data to reach conclusions.

Comment Give a judgment based on a given statement or result of a calculation.

Compare Give an account of similarities and differences between two (or more) items, referring 
to both (all) of them throughout.

Construct Represent or develop in graphical form.

Deduce Reach a conclusion from the information given.

Derive Manipulate a mathematical relationship(s) to give a new equation or relationship.

Design Produce a plan, simulation or model.

Determine Find the only possible answer.

Discuss Give an account including, where possible, a range of arguments for and against the 
relative importance of various factors, or comparisons of alternative hypotheses.

Evaluate Assess the implications and limitations.

Explain Give a detailed account of causes, reasons or mechanisms.

Predict Give an expected result.

Show Give the steps in a calculation or derivation.

Sketch
Represent by means of a graph showing a line and labelled but unscaled axes but with 
important features (for example, intercept) clearly indicated.

Solve Obtain an answer using algebraic and/or numerical methods.

Suggest Propose a hypothesis or other possible answer.
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SL assessment specifications

First examinations 2009

Component Overall 
weighting 

(%)

Approximate 
weighting of 

objectives (%)

Duration 
(hours)

Format and syllabus coverage

1+2 3

Paper 1 20 20 ¾ 30 multiple-choice questions on the 
core 

Paper 2 32 16 16 1… Section A: one data-based question 
and several short-answer questions on 
the core (all compulsory)

Section B: one extended-response 
question on the core (from a choice of 
three)

Paper 3 24 12 12 1 Several short-answer questions in 
each of the two options studied (all 
compulsory)
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HL assessment specifications

First examinations 2009

Component Overall 
weighting 

(%)

Approximate 
weighting of 

objectives (%)

Duration 
(hours)

Format and syllabus coverage

1+2 3

Paper 1 20 20 1 40 multiple-choice questions (–15 
common to SL plus about five more 
on the core and about 20 more on the 
AHL)

Paper 2 36 18 18 2… Section A: one data-based question 
and several short-answer questions on 
the core and the AHL (all compulsory)

Section B: two extended-response 
questions on the core and the AHL 
(from a choice of four)

Paper 3 20 10 10 1… Several short-answer questions and 
one extended-response question in 
each of the two options studied (all 
compulsory)

In addition to addressing objectives 1, 2 and 3, the internal assessment scheme for both SL and HL addresses 
objective 4 (personal skills) using the personal skills criterion to assess the group 4 project, and objective 5 
(manipulative skills) using the manipulative skills criterion to assess practical work. For both SL and HL, 
calculators are not permitted in paper 1 but are required in papers 2 and 3.
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The external assessment consists of three written papers.

Paper 1
Paper 1 is made up of multiple-choice questions that test knowledge of the core only for students at SL and 
the core and AHL material for students at HL. The questions are designed to be short, one- or two-stage 
problems that address objectives 1 and 2 (see the �Objectives� section). No marks are deducted for incorrect 
responses. Calculators are not permitted, but students are expected to carry out simple calculations.

Paper 2
Paper 2 tests knowledge of the core only for students at SL and the core and AHL material for students at HL. 
The questions address objectives 1, 2 and 3 and the paper is divided into two sections.

In section A, there is a data-based question that requires students to analyse a given set of data. The 
remainder of section A is made up of short-answer questions.

In section B, students at SL are required to answer one question from a choice of three, and students at 
HL are required to answer two questions from a choice of four. These extended-response questions may 
involve writing a number of paragraphs, solving a substantial problem, or carrying out a substantial piece of 
analysis or evaluation. A calculator is required for this paper.

Paper 3
Paper 3 tests knowledge of the options and addresses objectives 1, 2 and 3. Students at SL are required 
to answer several short-answer questions in each of the two options studied. Students at HL are required 
to answer several short-answer questions and an extended-response question in each of the two options 
studied. A calculator is required for this paper.

Note: Wherever possible, teachers should use, and encourage students to use, the SystŁme 
International d�UnitØs (International System of Units�SI units).
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General introduction
The internal assessment (IA) requirements are the same for all group 4 subjects, with the exception of 
design technology, which has an additional element. The IA, worth 24% of the final assessment (or 36% for 
design technology), consists of an interdisciplinary project, a mixture of short- and long-term investigations 
(such as practicals and subject-specific projects) and, for design technology only, the design project.

Student work is internally assessed by the teacher and externally moderated by the IBO. The performance 
in IA at both SL and HL is marked against assessment criteria, with each criterion having a maximum mark 
of 6.

Rationale for practical work
Although the requirements for IA are mainly centred on the assessment of practical skills, the different 
types of experimental work that a student may engage in serve other purposes, including:

�	 illustrating, teaching and reinforcing theoretical concepts

�	 developing an appreciation of the essential hands-on nature of scientific work

�	 developing an appreciation of the benefits and limitations of scientific methodology.

Therefore, there may be good justification for teachers to conduct further experimental work beyond that 
required for the IA scheme.

Practical scheme of work
The practical scheme of work (PSOW) is the practical course planned by the teacher and acts as a summary 
of all the investigative activities carried out by a student. Students at SL and HL in the same subject may 
carry out some of the same investigations.

Syllabus coverage
The range of investigations carried out should reflect the breadth and depth of the subject syllabus at each 
level, but it is not necessary to carry out an investigation for every syllabus topic. However, all students must 
participate in the group 4 project and the IA activities should ideally include a spread of content material 
from the core, options and, where relevant, AHL material. A minimum number of investigations to be 
carried out is not specified.
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Choosing investigations
Teachers are free to formulate their own practical schemes of work by choosing investigations according to 
the requirements outlined. Their choices should be based on:

�	 subjects, levels and options taught

�	 the needs of their students

�	 available resources

�	 teaching styles.

Each scheme must include some complex investigations that make greater conceptual demands on 
students. A scheme made up entirely of simple experiments, such as ticking boxes or exercises involving 
filling in tables, will not provide an adequate range of experience for students.

Teachers are encouraged to use the online curriculum centre (OCC) to share ideas about possible 
investigations by joining in the discussion forums and adding resources in the subject home pages.

Note: Any investigation or part investigation that is to be used to assess students should be specifically 
designed to match the relevant assessment criteria.

Flexibility
The IA model is flexible enough to allow a wide variety of investigations to be carried out. These could 
include:

�	 short laboratory practicals over one or two lessons and long-term practicals or projects extending 
over several weeks

�	 computer simulations

�	 data-gathering exercises such as questionnaires, user trials and surveys

�	 data-analysis exercises

�	 general laboratory work and fieldwork.

The group 4 project
The group 4 project is an interdisciplinary activity in which all Diploma Programme science students must 
participate. The intention is that students from the different group 4 subjects analyse a common topic 
or problem. The exercise should be a collaborative experience where the emphasis is on the processes 
involved in scientific investigation rather than the products of such investigation.

In most cases all students in a school would be involved in the investigation of the same topic. Where 
there are large numbers of students, it is possible to divide them into several smaller groups containing 
representatives from each of the science subjects. Each group may investigate the same topic or different 
topics�that is, there may be several group 4 projects in the same school.
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Practical work documentation
Details of an individual student�s practical scheme of work are recorded on form 4/PSOW provided in 
section 4 of the Vade Mecum. Electronic versions may be used as long as they include all necessary 
information. In addition, the laboratory work corresponding to the best two marks achieved by each 
student when assessed using the internal assessment criteria (design, data collection and processing, 
and conclusion and evaluation) and the instructions given by the teacher for the laboratory work must be 
retained for possible inclusion in the sample work sent to an internal assessment moderator.

Time allocation for practical work
The recommended teaching times for all Diploma Programme courses are 150 hours at SL and 240 hours 
at HL. Students at SL are required to spend 40 hours, and students at HL 60 hours, on practical activities 
(excluding time spent writing up work). These times include 10 hours for the group 4 project. Only 2�3 hours 
of investigative work can be carried out after the deadline for submitting work to the moderator and still be 
counted in the total number of hours for the practical scheme of work.

Note: For design technology, students at SL are required to spend 55 hours, and students at HL 
81 hours, on practical activities.

Only some of the 40/60 hours of practical work need be allocated to the practical work that is assessed using 
the IA criteria. This will normally be done during the latter part of the course when students have become 
more familiar with the criteria and can be assessed in complex practical work.
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All students should be familiar with the requirements for IA. It should be made clear to them that they are 
entirely responsible for their own work. It is helpful if teachers encourage students to develop a sense of 
responsibility for their own learning so that they accept a degree of ownership and take pride in their own 
work.

In responding to specific questions from students concerning investigations, teachers should (where 
appropriate) guide students into more productive routes of inquiry rather than respond with a direct 
answer. As part of the learning process, teachers can give general advice to students on a first draft of their 
work for IA. However, constant drafting and redrafting is not allowed and the next version handed to the 
teacher after the first draft must be the final one. This is marked by the teacher using the IA criteria. It is 
useful to annotate this work with the levels awarded for each aspect��c� for complete, �p� for partial and 
�n� for not at all, to assist the moderator should the work be selected as part of the sample.

In assessing student work using the IA criteria, teachers should only mark and annotate the final 
draft.

When completing an investigation outside the classroom, students should work independently. Teachers 
are required to ensure that work submitted is the student�s own. If any doubt exists, authenticity may be 
checked by one or more of the following methods.

�	 Discussion with the student

�	 Asking the student to explain the methods used and to summarize the results

�	 Asking the student to repeat the investigation

Teachers are required to sign the IA coversheet to confirm that the work of each student is his or her own 
unaided work.

Safety
While teachers are responsible for following national or local guidelines, which may differ from country 
to country, attention should be given to the mission statement below, which was developed by the 
International Council of Associations for Science Education (ICASE) Safety Committee.

ICASE Safety Committee
Mission statement

The mission of the ICASE Safety Committee is to promote good quality, exciting 
practical science, which will stimulate students and motivate their teachers, in 
a safe and healthy learning environment. In this way, all individuals (teachers, 
students, laboratory assistants, supervisors, visitors) involved in science 
education are entitled to work under the safest possible practicable conditions 
in science classrooms and laboratories. Every reasonable effort needs to be 
made by administrators to provide and maintain a safe and healthy learning 
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environment and to establish and require safe methods and practices at all 
times. Safety rules and regulations need to be developed and enforced for 
the protection of those individuals carrying out their activities in science 
classrooms and laboratories, and experiences in the field. Alternative science 
activities are encouraged in the absence of sufficiently safe conditions.

It is a basic responsibility of everyone involved to make safety and health an 
ongoing commitment. Any advice given will acknowledge the need to respect 
the local context, the varying educational and cultural traditions, the financial 
constraints and the legal systems of differing countries.

I
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General information
The method of assessment used for internal assessment is criterion-related. That is to say, the method of 
assessment judges each student in relation to identified assessment criteria and not in relation to the work 
of other students.

The internal assessment component in all group 4 courses is assessed according to sets of assessment 
criteria and achievement level descriptors. The internal assessment criteria are for the use of teachers.

�	 For each assessment criterion, there are a number of descriptors that each describes a specific level of 
achievement.

�	 The descriptors concentrate on positive achievement, although for the lower levels failure to achieve 
may be included in the description.

Using the internal assessment criteria
Teachers should judge the internal assessment exercise against the descriptors for each criterion. The same 
internal assessment criteria are used for both SL and HL.

�	 The aim is to find, for each criterion, the descriptor that conveys most adequately the achievement 
level attained by the student. The process, therefore, is one of approximation. In the light of any one 
criterion, a student�s work may contain features denoted by a high achievement level descriptor 
combined with features appropriate to a lower one. A professional judgment should be made in 
identifying the descriptor that approximates most closely to the work.

�	 Having scrutinized the work to be assessed, the descriptors for each criterion should be read, starting 
with level 0, until one is reached that describes an achievement level that the work being assessed 
does not match as well as the previous level. The work is, therefore, best described by the preceding 
achievement level descriptor and this level should be recorded. Only whole numbers should be used, 
not partial points such as fractions or decimals.

�	 The highest descriptors do not imply faultless performance and moderators and teachers should not 
hesitate to use the extremes, including zero, if they are appropriate descriptions of the work being 
assessed.

�	 Descriptors should not be considered as marks or percentages, although the descriptor levels are 
ultimately added together to obtain a total. It should not be assumed that there are other arithmetical 
relationships; for example, a level 2 performance is not necessarily twice as good as a level 1 
performance.

�	 A student who attains a particular achievement level in relation to one criterion will not necessarily 
attain similar achievement levels in relation to the others. It should not be assumed that the overall 
assessment of the students will produce any particular distribution of scores.

�	 The assessment criteria should be available to students at all times.
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Criteria and aspects
There are five assessment criteria that are used to assess the work of both SL and HL students.

�	 Design�D

�	 Data collection and processing�DCP

�	 Conclusion and evaluation�CE

�	 Manipulative skills�MS

�	 Personal skills�PS

The first three criteria�design (D), data collection and processing (DCP) and conclusion and evaluation 
(CE)�are each assessed twice.

Manipulative skills (MS) is assessed summatively over the whole course and the assessment should be based 
on a wide range of manipulative skills.

Personal skills (PS) is assessed once only and this will be during the group 4 project.

Each of the assessment criteria can be separated into three aspects as shown in the following sections. 
Descriptions are provided to indicate what is expected in order to meet the requirements of a given aspect 
completely (c) and partially (p). A description is also given for circumstances in which the requirements 
are not satisfied, not at all (n).

A “complete” is awarded 2 marks, a “partial” 1 mark and a “not at all” 0 marks.

The maximum mark for each criterion is 6 (representing three �completes�).

D × 2 = 12

DCP × 2 = 12

CE × 2 = 12

MS × 1 = 6

PS × 1 = 6

This makes a total mark out of 48.

The marks for each of the criteria are added together to determine the final mark out of 48 for the IA 
component. This is then scaled at IBCA to give a total out of 24%.

General regulations and procedures relating to IA can be found in the Vade Mecum for the year in which the 
IA is being submitted.
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Design

Levels/marks Aspect 1 Aspect 2 Aspect 3

Defining the problem 
and selecting 
variables

Controlling variables Developing a method 
for collection of data

Complete/2 Formulates a focused 
problem/research 
question and identifies 
the relevant variables.

Designs a method for 
the effective control of 
the variables.

Develops a method that 
allows for the collection 
of sufficient relevant 
data.

Partial/1 Formulates a problem/
research question that is 
incomplete or identifies 
only some relevant 
variables.

Designs a method that 
makes some attempt to 
control the variables.

Develops a method that 
allows for the collection 
of insufficient relevant 
data.

Not at all/0 Does not identify a 
problem/research 
question and does not 
identify any relevant 
variables.

Designs a method that 
does not control the 
variables.

Develops a method 
that does not allow for 
any relevant data to be 
collected.

Data collection and processing

Levels/marks Aspect 1 Aspect 2 Aspect 3

Recording raw data Processing raw data Presenting processed 
data

Complete/2 Records appropriate 
quantitative and 
associated qualitative 
raw data, including units 
and uncertainties where 
relevant.

Processes the 
quantitative raw data 
correctly.

Presents processed 
data appropriately and, 
where relevant, includes 
errors and uncertainties.

Partial/1 Records appropriate 
quantitative and 
associated qualitative 
raw data, but with some 
mistakes or omissions.

Processes quantitative 
raw data, but with 
some mistakes and/or 
omissions.

Presents processed data 
appropriately, but with 
some mistakes and/or 
omissions.

Not at all/0 Does not record any 
appropriate quantitative 
raw data or raw data is 
incomprehensible.

No processing of 
quantitative raw data 
is carried out or major 
mistakes are made in 
processing.

Presents processed 
data inappropriately or 
incomprehensibly.
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Conclusion and evaluation

Levels/marks Aspect 1 Aspect 2 Aspect 3

Concluding Evaluating 
procedure(s)

Improving the 
investigation

Complete/2 States a conclusion, 
with justification, 
based on a reasonable 
interpretation of the 
data.

Evaluates weaknesses 
and limitations.

Suggests realistic 
improvements in 
respect of identified 
weaknesses and 
limitations.

Partial/1 States a conclusion 
based on a reasonable 
interpretation of the 
data.

Identifies some 
weaknesses and 
limitations, but the 
evaluation is weak or 
missing.

Suggests only 
superficial 
improvements.

Not at all/0 States no conclusion or 
the conclusion is based 
on an unreasonable 
interpretation of the 
data.

Identifies irrelevant 
weaknesses and 
limitations.

Suggests unrealistic 
improvements.

Manipulative skills (assessed summatively)
This criterion addresses objective 5.

Levels/marks Aspect 1 Aspect 2 Aspect 3

Following 
instructions*

Carrying out 
techniques

Working safely

Complete/2 Follows instructions 
accurately, adapting 
to new circumstances 
(seeking assistance 
when required).

Competent and 
methodical in the use of 
a range of techniques 
and equipment.

Pays attention to safety 
issues.

Partial/1 Follows instructions but 
requires assistance.

Usually competent and 
methodical in the use of 
a range of techniques 
and equipment.

Usually pays attention 
to safety issues.

Not at all/0 Rarely follows 
instructions or requires 
constant supervision.

Rarely competent and 
methodical in the use of 
a range of techniques 
and equipment.

Rarely pays attention to 
safety issues.

*Instructions may be in a variety of forms: oral, written worksheets, diagrams, photographs, videos, flow 
charts, audio tapes, models, computer programs, and so on, and need not originate from the teacher.

See �The group 4 project� section for the personal skills criterion.
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Design

Aspect 1: defining the problem and selecting variables
It is essential that teachers give an open-ended problem to investigate, where there are several independent 
variables from which a student could choose one that provides a suitable basis for the investigation. This 
should ensure that a range of plans will be formulated by students and that there is sufficient scope to 
identify both independent and controlled variables.

Although the general aim of the investigation may be given by the teacher, students must identify a focused 
problem or specific research question. Commonly, students will do this by modifying the general aim 
provided and indicating the variable(s) chosen for investigation.

The teacher may suggest the general research question only. Asking students to investigate some property 
of a plant�s cells, where no variables are given, would be an acceptable teacher prompt. This could be 
focused by the student as follows: �Does the cyclosis of chloroplasts in Elodea leaf cells vary with light 
intensity?�

Alternatively, the teacher may suggest the general research question and specify the dependent variable.  
An example of such a teacher prompt would be to ask the student to investigate the effect of a factor 
that influences enzyme activity. This could then be focused by the student as follows: �Does ethanol 
concentration affect the activity of bovine catalase?� It is not sufficient for the student merely to restate the 
research question provided by the teacher.

Variables are factors that can be measured and/or controlled. Independent variables are those that are 
manipulated, and the result of this manipulation leads to the measurement of the dependent variable. A 
controlled variable is one that should be held constant so as not to obscure the effects of the independent 
variable on the dependent variable.

The variables need to be explicitly identified by the student as the dependent (measured), independent 
(manipulated) and controlled variables (constants). Relevant variables are those that can reasonably be 
expected to affect the outcome. For example, in the investigation �How does the speed of movement of 
chloroplasts in Elodea cells vary with light intensity?�, the student must state clearly that the independent 
variable is the light intensity and the dependent variable is the speed of movement. Relevant controlled 
variables would include temperature, preparation of Elodea cells, sample size and light quality 
(wavelength).

Students should not be:

�	 given a focused research question

�	 told the outcome of the investigation

�	 told which independent variable to select

�	 told which variables to hold constant.
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Aspect 2: controlling variables
�Control of variables� refers to the manipulation of the independent variable and the attempt to maintain 
the controlled variables at a constant value. The method should include explicit reference to how the 
control of variables is achieved. If the control of variables is not practically possible, some effort should be 
made to monitor the variable(s).

A standard measurement technique may be used as part of a wider investigation but it should not be the 
focus of that investigation. Students should be assessed on their individual design of the wider investigation. 
If a standard measurement technique is used, it should be referenced. For example, while planning an 
investigation to study the effect of light wavelength on the rate of photosynthesis in Cabomba, the student 
may have adapted a method to measure the rate of photosynthesis taken from a textbook. A standard 
reference would then be expected as a footnote, for example, �Freeland, PW (1985) Problems in Practical 
Advanced Level Biology, Hodder and Stoughton.� Or the student may adapt a general protocol provided by 
a teacher in a previous investigation. The reference may appear as: Michigan, J (2007) �Studying the rate of 
photosynthesis� worksheet.

Students should not be told:

�	 which apparatus to select

�	 the experimental method.

Aspect 3: developing a method for collection of data
The definition of �sufficient relevant data� depends on the context. The planned investigation should 
anticipate the collection of sufficient data so that the aim or research question can be suitably addressed 
and an evaluation of the reliability of the data can be made.

If error analysis involving the calculation of standard deviation is to be carried out, then a sample size of at 
least five is needed. The data range and amount of data in that range are also important. For example, when 
trying to determine the optimum pH of an enzyme, using a range of pH values between 6 and 8 would be 
insufficient. Using a range of values between 3 and 10 would be better, but would also be insufficient if only 
three different pH values were tested in that range.

Students should not be told:

�	 how to collect the data

�	 how much data to collect.

Data collection and processing
Ideally, students should work on their own when collecting data.

When data collection is carried out in groups, the actual recording and processing of data should be 
independently undertaken if this criterion is to be assessed. Recording class or group data is only appropriate 
if the data-sharing method does not suggest a presentation format for the students.

Pooling data from a class is permitted where the students have independently organized and presented 
their data. For example, they may have placed it on a real or virtual bulletin board. For assessment of 
aspect 1, students must clearly indicate which data is their own.
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Aspect 1: recording raw data
Raw data is the actual data measured. This may include associated qualitative data. It is permissible to 
convert handwritten raw data into word-processed form. The term �quantitative data� refers to numerical 
measurements of the variables associated with the investigation. Associated qualitative data are considered 
to be those observations that would enhance the interpretation of results.

Uncertainties are associated with all raw data and an attempt should always be made to quantify 
uncertainties. For example, when students say there is an uncertainty in a stopwatch measurement because 
of reaction time, they must estimate the magnitude of the uncertainty. Within tables of quantitative 
data, columns should be clearly annotated with a heading, units and an indication of the uncertainty 
of measurement. The uncertainty need not be the same as the manufacturer�s stated precision of the 
measuring device used. Significant digits in the data and the uncertainty in the data must be consistent. 
This applies to all measuring devices, for example, digital meters, stopwatches, and so on. The number of 
significant digits should reflect the precision of the measurement.

There should be no variation in the precision of raw data. For example, the same number of decimal places 
should be used. For data derived from processing raw data (for example, means), the level of precision 
should be consistent with that of the raw data.

The recording of the level of precision would be expected from the point where the student takes over the 
manipulation. For example, students would not be expected to state the level of precision in a solution 
prepared for them.

Students should not be told how to record the raw data. For example, they should not be given a pre-
formatted table with columns, headings, units or uncertainties.

Aspect 2: processing raw data
Data processing involves, for example, combining and manipulating raw data to determine the value of 
a physical quantity (such as adding, subtracting, squaring, dividing), and taking the average of several 
measurements and transforming data into a form suitable for graphical representation. It might be that the 
data is already in a form suitable for graphical presentation, for example, distance travelled by woodlice 
against temperature. If the raw data is represented in this way and a best-fit line graph is drawn, the raw 
data has been processed. Plotting raw data (without a graph line) does not constitute processing data.

The recording and processing of data may be shown in one table provided they are clearly distinguishable.

Students should not be told:

�	 how to process the data

�	 what quantities to graph/plot.

Aspect 3: presenting processed data
Students are expected to decide upon a suitable presentation format themselves (for example, spreadsheet, 
table, graph, chart, flow diagram, and so on). There should be clear, unambiguous headings for calculations, 
tables or graphs. Graphs need to have appropriate scales, labelled axes with units, and accurately plotted 
data points with a suitable best-fit line or curve (not a scattergraph with data-point to data-point connecting 
lines). Students should present the data so that all the stages to the final result can be followed. Inclusion 
of metric/SI units is expected for final derived quantities, which should be expressed to the correct number 
of significant figures. The uncertainties associated with the raw data must be taken into account. The 
treatment of uncertainties in graphical analysis requires the construction of appropriate best-fit lines.
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The complete fulfillment of aspect 3 does not require students to draw lines of minimum and maximum 
fit to the data points, to include error bars or to combine errors through root mean squared calculations. 
Although error bars on data points (for example, standard error) are not expected, they are a perfectly 
acceptable way of expressing the degree of uncertainty in the data.

In order to fulfill aspect 3 completely, students should include a treatment of uncertainties and errors with 
their processed data, where relevant.

The treatment of uncertainties should be in accordance with assessment statements 1.1.2, 1.1.3 and 1.1.4 of 
this guide.

Conclusion and evaluation

Aspect 1: concluding
Analysis may include comparisons of different graphs or descriptions of trends shown in graphs. The 
explanation should contain observations, trends or patterns revealed by the data.

When measuring an already known and accepted value of a physical quantity, students should draw a 
conclusion as to their confidence in their result by comparing the experimental value with the textbook or 
literature value. The literature consulted should be fully referenced.

Aspect 2: evaluating procedure(s)
The design and method of the investigation must be commented upon as well as the quality of the data. 
The student must not only list the weaknesses but must also appreciate how significant the weaknesses are. 
Comments about the precision and accuracy of the measurements are relevant here. When evaluating the 
procedure used, the student should specifically look at the processes, use of equipment and management 
of time.

Aspect 3: improving the investigation
Suggestions for improvements should be based on the weaknesses and limitations identified in aspect 2. 
Modifications to the experimental techniques and the data range can be addressed here. The modifications 
proposed should be realistic and clearly specified. It is not sufficient to state generally that more precise 
equipment should be used.

Manipulative skills
(This criterion must be assessed summatively.)

Aspect 1: following instructions
Indications of manipulative ability are the amount of assistance required in assembling equipment, the 
orderliness of carrying out the procedure(s) and the ability to follow the instructions accurately. The 
adherence to safe working practices should be apparent in all aspects of practical activities.

A wide range of complex tasks should be included in the scheme of work.
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Aspect 2: carrying out techniques
It is expected that students will be exposed to a variety of different investigations during the course that 
enables them to experience a variety of experimental situations.

Aspect 3: working safely
The student�s approach to safety during investigations in the laboratory or in the field must be assessed. 
Nevertheless, the teacher must not put students in situations of unacceptable risk.

The teacher should judge what is acceptable and legal under local regulations and with the facilities 
available. See the �Safety� section in this guide under �Guidance and authenticity�.

Personal skills

Note: The personal skills criterion is assessed in the group 4 project only and is to be found in �The 
group 4 project� section.
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In accordance with aim 7�that is, to �develop and apply the students� information and communication 
technology skills in the study of science��the use of information and communication technology (ICT) is 
encouraged in practical work throughout the course, whether the investigations are assessed using the IA 
criteria or otherwise.

Section A: use of ICT in assessment
Data-logging software may be used in experiments/investigations assessed using the IA criteria provided 
that the following principle is applied.

The student�s contribution to the experiment must be evident so that this alone can be assessed by the 
teacher. This student�s contribution can be in the selection of settings used by the data-logging and 
graphing equipment, or can be demonstrated in subsequent stages of the experiment.

(When data logging is used, raw data is defined as any data produced by software and extracted by the 
student from tables or graphs to be subsequently processed by the student.)

The following categories of experiments exemplify the application of this principle.

1. Data logging within a narrowly focused task
Data-logging software may be used to perform a traditional experiment in a new way.

Use of data-logging software is appropriate with respect to assessment if the student decides and 
inputs most of the relevant software settings. For example, an investigation could be set up to monitor 
a person�s breathing capacities while on an exercise bike using a spirometer sensor linked to a calculator-
based data logger in which the student controls the level of exercise (speed or workload). Data-logging 
software that automatically determines the various settings and generates the data tables and graphs would 
be inappropriate with regard to assessment because the remaining student input required to investigate 
the breathing capacities would be minimal.

If the experiment is suitable for assessment the following guidelines must be followed for the DCP 
criterion.

Data collection and processing: aspect 1
Students may present raw data collected using data logging as long as they are responsible for the majority 
of software settings. The numerical raw data may be presented as a table, or, where a large amount of data 
has been generated, by graphical means. For example, the student should set the duration and rate of the 
sampling, and the generated data in the form of lists of measurements from the calculator or computer could 
be downloaded by the student into a computer spreadsheet. Students must organize the data correctly, 
for example, by means of table or graph titles, columns or graph axes labelled with units, indications of 
uncertainties, associated qualitative observations, and so on.

The number of decimal places used in recorded data should not exceed that expressed by the sensitivity 
of the instrument used. In the case of electronic probes used in data logging, students will be expected to 
record the sensitivity of the instrument.
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Data collection and processing: aspects 2 and 3
Use of software for graph drawing is appropriate as long as the student is responsible for most of the 
decisions, such as:

�	 what to graph

�	 selection of quantities for axes

�	 appropriate units

�	 graph title

�	 appropriate scale

�	 how to graph, for example, linear graph line and not scatter.

Note: A computer-calculated gradient is acceptable.

In the example of the investigation to monitor breathing capacities, the student could process data by 
drawing a graph in the spreadsheet and measuring the breathing frequency from the data. By inspecting 
the graph or spreadsheet data, the maximal and minimal lung volume values could be identified and used 
to calculate the mean tidal volume at rest. The mean volume of air breathed per minute and recovery rate 
after exercise could also be calculated.

Statistical analysis carried out using calculators or calculations using spreadsheets are acceptable provided that 
the student selects the data to be processed and chooses the method of processing. In both cases, the student 
must show one example in the written text. For example, the student must quote the formula used by or 
entered into a calculator and define the terms used, or the student must write the formula used in a spreadsheet 
if it is not a standard part of the program�s menu of functions (for example, mean, standard deviation).

2. Data logging in an open-ended investigation
Data-logging software can enhance data collection and transform the sort of investigations possible. In this 
case fully automated data-logging software is appropriate with regard to assessment if it is used to enable 
a broader, complex investigation to be undertaken where students can develop a range of responses 
involving independent decision-making.

For example, a task could be set to investigate a factor that affects the rate of photosynthesis. If an oxygen 
sensor with automatic pre-programmed software to monitor the amount of oxygen released by an aquatic 
plant is used, the student could use the program to develop a broader, complex investigation, for example, 
comparing rate of photosynthesis in different species of aquatic plants at different light intensities.

Design: aspect 1
The student must state a focused problem/research question, for example: �What is the difference in the rate 
of photosynthesis at different light intensities, as measured by oxygen release, between Elodea canadensis 
and Myriophyllum spicatum?�

Relevant variables must also be identified, for example:

�	 independent variable�species of aquatic plants

�	 dependent variable�rate of oxygen production

�	 controlled variables�temperature, mass of plant, leaf surface area, time, light quality (wavelength).
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Design: aspect 2
The student must design a method to monitor and control the variables (for example, a water bath for 
control of temperature), use an electronic balance to determine the mass of the plants, and use the same 
light source to control light quality.

Design: aspect 3
The student must design the method for the appropriate collection of sufficient raw data. The student 
would select the species of aquatic plants to use, and measure the amount of dissolved oxygen in the water 
using the oxygen sensor program. The student would also decide on the range and number of different 
light intensities and the number of experimental replicates.

Data collection and processing: aspect 1
Appropriate raw data would consist of the rates of photosynthesis derived from the graphs of the experimental 
runs generated by the program using the oxygen sensor. These rates of photosynthesis may be calculated by the 
student using a function on the program that analyses the graphs. This must be done without prompting by the 
teacher. The derived data for rates of photosynthesis could be annotated on a series of graphs or presented in a 
table with an appropriate title, column headings and units. Calculation of uncertainties would not be expected 
in this experiment. In addition, other important data should be recorded, for example, water temperature.

Data collection and processing: aspect 2
The graphs showing changes in oxygen concentration would not be assessed, as these would have been 
generated automatically by the pre-programmed software on the data logger, without input from the 
student. However, the rates of photosynthesis derived from these graphs could be plotted against light 
intensity for each species using graph-plotting software where student input is possible, for example, 
choice of type of graph, x and y axes, range and scale.

Data collection and processing: aspect 3
The student would generate graphs of light intensity versus rates of photosynthesis for each species, which 
should have clear titles, correctly labelled axes, a legend for the data of the different species of plants, and 
trend lines to reveal the degree of uncertainty.

Section B: use of ICT in non-assessed practical work
It is not necessary to use ICT in assessed investigations but, in order to carry out aim 7 in practice, students 
will be required to use each of the following software applications at least once during the course.

�	 Data logging in an experiment

�	 Software for graph plotting

�	 A spreadsheet for data processing

�	 A database

�	 Computer modelling/simulation

There are many examples of the above in the ICT resources for biology, chemistry and physics on the OCC.

Apart from sensors for data logging, all the other components involve software that is free and readily 
available on the Internet. As students only need to use data-logging software and sensors once in the 
course, class sets are not required.

The use of each of the above five ICT applications by students would be authenticated by means of entries 
in the students� practical scheme of work, form 4/PSOW. For example, if a student used a spreadsheet in an 
investigation, this should be recorded on form 4/PSOW. Any other applications of ICT can also be recorded 
on form 4/PSOW.
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Summary of the group 4 project
The group 4 project is a collaborative activity where students from different group 4 subjects work together 
on a scientific or technological topic, allowing for concepts and perceptions from across the disciplines 
to be shared in line with aim 10�that is, to �encourage an understanding of the relationships between 
scientific disciplines and the overarching nature of the scientific method�. The project can be practically or 
theoretically based. Collaboration between schools in different regions is encouraged.

The group 4 project allows students to appreciate the environmental, social and ethical implications 
of science and technology. It may also allow them to understand the limitations of scientific study, for 
example, the shortage of appropriate data and/or the lack of resources. The emphasis is on interdisciplinary 
cooperation and the processes involved in scientific investigation, rather than the products of such 
investigation.

The choice of scientific or technological topic is open but the project should clearly address aims 7, 8 and 10 
of the group 4 subject guides.

Ideally, the project should involve students collaborating with those from other group 4 subjects at all 
stages. To this end, it is not necessary for the topic chosen to have clearly identifiable separate subject 
components. However, for logistical reasons some schools may prefer a separate subject �action� phase (see 
the following �Project stages� section).

Project stages
The 10 hours allocated to the group 4 project, which are part of the teaching time set aside for IA, can be 
divided into three stages: planning, action and evaluation.

Planning
This stage is crucial to the whole exercise and should last about two hours.

�	 The planning stage could consist of a single session, or two or three shorter ones.

�	 This stage must involve all group 4 students meeting to �brainstorm� and discuss the central topic, 
sharing ideas and information.

�	 The topic can be chosen by the students themselves or selected by the teachers.

�	 Where large numbers of students are involved, it may be advisable to have more than one mixed 
subject group.

After selecting a topic or issue, the activities to be carried out must be clearly defined before moving 
from the planning stage to the action and evaluation stages.
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A possible strategy is that students define specific tasks for themselves, either individually or as members of 
groups, and investigate various aspects of the chosen topic. At this stage, if the project is to be experimentally 
based, apparatus should be specified so that there is no delay in carrying out the action stage. Contact with 
other schools, if a joint venture has been agreed, is an important consideration at this time.

Action
This stage should last around six hours and may be carried out over one or two weeks in normal scheduled 
class time. Alternatively, a whole day could be set aside if, for example, the project involves fieldwork.

�	 Students should investigate the topic in mixed subject groups or single subject groups.

�	 There should be collaboration during the action stage; findings of investigations should be shared 
with other students within the mixed/single subject group. During this stage, in any practically based 
activity, it is important to pay attention to safety, ethical and environmental considerations.

Note: Students studying two group 4 subjects are not required to do two separate action phases.

Evaluation
The emphasis during this stage, for which two hours is probably necessary, is on students sharing their 
findings, both successes and failures, with other students. How this is achieved can be decided by the 
teachers, the students or jointly.

�	 One solution is to devote a morning, afternoon or evening to a symposium where all the students, as 
individuals or as groups, give brief presentations.

�	 Alternatively, the presentation could be more informal and take the form of a science fair where 
students circulate around displays summarizing the activities of each group.

The symposium or science fair could also be attended by parents, members of the school board and the 
press. This would be especially pertinent if some issue of local importance has been researched. Some of 
the findings might influence the way the school interacts with its environment or local community.

Addressing aims 7 and 8
Aim 7��develop and apply the students� information and communication technology skills in the study of 
science�.

Aim 7 may be partly addressed at the planning stage by using electronic communication within and 
between schools. It may be that ICT (for example, data logging, spreadsheets, databases, and so on) will 
be used in the action phase and certainly in the presentation/evaluation stage (for example, use of digital 
images, presentation software, web sites, digital video, and so on).

Aim 8��raise awareness of the moral, ethical, social, economic and environmental implications of using 
science and technology�.

The choice of topic should enable one or more elements of aim 8 to be incorporated into the project.
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Addressing the international dimension
There are also possibilities in the choice of topic to illustrate the international nature of the scientific 
endeavour and the increasing cooperation required to tackle global issues involving science and technology. 
An alternative way to bring an international dimension to the project is to collaborate with a school in 
another region.

Types of project
While addressing aims 7, 8 and 10 the project must be based on science or its applications.

The project may have a hands-on practical action phase or one involving purely theoretical aspects. It could 
be undertaken in a wide range of ways.

�	 Designing and carrying out a laboratory investigation or fieldwork.

�	 Carrying out a comparative study (experimental or otherwise) in collaboration with another school.

�	 Collating, manipulating and analysing data from other sources, such as scientific journals, 
environmental organizations, science and technology industries and government reports.

�	 Designing and using a model or simulation.

�	 Contributing to a long-term project organized by the school.

Logistical strategies
The logistical organization of the group 4 project is often a challenge to schools. The following models 
illustrate possible ways in which the project may be implemented.

Models A, B and C apply within a single school, and model D relates to a project involving collaboration 
between schools.
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Model A: mixed subject groups and one topic
Schools may adopt mixed subject groups and choose one common topic. The number of groups will 
depend on the number of students. The dotted lines in the model show the addition of more groups as 
student numbers increase.

Planning (and definition of activities)

BCPD

Evaluation phase

BCPD

Action 
phase

BCPD

Action 
phase

BCPD

Action 
phase

BCPD

Action 
phase

BCPD

B�biology	 C�chemistry	 P�physics	 D�design technology

Model B: mixed subject groups adopting more than one topic
Schools with large numbers of students may choose to do more than one topic.

Planning (and definition of activities)

BCPD

Evaluation phase

BCPD

Topic 1 Topic 2

Action 
phase

BCPD

Action 
phase

BCPD

Action 
phase

BCPD

Action 
phase

BCPD

Action 
phase

BCPD

Action 
phase

BCPD

Model C: single subject groups
For schools opting for single subject groups with one or more topics in the action phase, simply replace the 
mixed subject groups in model A or B with single subject groups.
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Model D: collaboration with another school
The collaborative model is open to any school. To this end, the IBO will provide an electronic collaboration 
board on the OCC where schools can post their project ideas and invite collaboration from another school. 
This could range from merely sharing evaluations for a common topic to a full-scale collaborative venture 
at all stages.

For schools with few diploma students or schools with certificate students, it is possible to work with non-
Diploma Programme or non-group 4 students or undertake the project once every two years. However, 
these schools are encouraged to collaborate with another school. This strategy is also recommended for 
individual students who may not have participated in the project, for example, through illness or because 
they have transferred to a new school where the project has already taken place.

Timing
The 10 hours that the IBO recommends be allocated to the project may be spread over a number of weeks. 
The distribution of these hours needs to be taken into account when selecting the optimum time to carry 
out the project. However, it is possible for a group to dedicate a period of time exclusively to project work if 
all/most other school work is suspended.

Year 1
In the first year, students� experience and skills may be limited and it would be inadvisable to start the 
project too soon in the course. However, doing the project in the final part of the first year may have the 
advantage of reducing pressure on students later on. This strategy provides time for solving unexpected 
problems.

Year 1–year 2
The planning stage could start, the topic could be decided upon, and provisional discussion in individual 
subjects could take place at the end of the first year. Students could then use the vacation time to think 
about how they are going to tackle the project and would be ready to start work early in the second year.

Year 2
Delaying the start of the project until some point in the second year, particularly if left too late, increases 
pressure on students in many ways: the schedule for finishing the work is much tighter than for the other 
options; the illness of any student or unexpected problems will present extra difficulties. Nevertheless, 
this choice does mean students know one another and their teachers by this time, have probably become 
accustomed to working in a team and will be more experienced in the relevant fields than in the first year.

Combined SL and HL
Where circumstances dictate that the project is only carried out every two years, HL beginners and more 
experienced SL students can be combined.
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Selecting a topic
Students may choose the topic or propose possible topics, with the teacher then deciding which one is the 
most viable based on resources, staff availability, and so on. Alternatively, the teacher selects the topic or 
proposes several topics from which students make a choice.

Student selection
Students are likely to display more enthusiasm and feel a greater sense of ownership for a topic that they 
have chosen themselves. A possible strategy for student selection of a topic, which also includes part of 
the planning stage, is outlined here. At this point, subject teachers may provide advice on the viability of 
proposed topics.

�	 Identify possible topics by using a questionnaire or a survey of students.

�	 Conduct an initial �brainstorming� session of potential topics or issues.

�	 Discuss, briefly, two or three topics that seem interesting.

�	 Select one topic by consensus.

�	 Students make a list of potential investigations that could be carried out. All students then discuss 
issues such as possible overlap and collaborative investigations.

Assessment
The group 4 project is to be assessed for the personal skills criterion only and this will be the only place 
where this criterion is assessed. It is up to the school how this assessment takes place.

Note: The group 4 project is not to be used for the assessment of the other criteria.
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Personal skills (for group 4 project assessment only)
This criterion addresses objective 4.

Levels/marks Aspect 1 Aspect 2 Aspect 3

Self-motivation and 
perseverance

Working within a 
team

Self-reflection

Complete/2 Approaches the project 
with self-motivation 
and follows it through 
to completion.

Collaborates and 
communicates in a 
group situation and 
integrates the views of 
others.

Shows a thorough 
awareness of their 
own strengths and 
weaknesses and 
gives thoughtful 
consideration to their 
learning experience.

Partial/1 Completes the project 
but sometimes lacks 
self-motivation.

Exchanges some views 
but requires guidance 
to collaborate with 
others.

Shows limited 
awareness of their 
own strengths and 
weaknesses and gives 
some consideration 
to their learning 
experience.

Not at all/0 Lacks perseverance and 
motivation.

Makes little or no 
attempt to collaborate 
in a group situation.

Shows no awareness 
of their own strengths 
and weaknesses and 
gives no consideration 
to their learning 
experience.

The assessment can be assisted by the use of a student self-evaluation form, but the use of such a form is 
not a requirement.
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Biologists have accumulated huge amounts of information about living organisms, and it would be easy 
to confuse students by teaching large numbers of seemingly unrelated facts. In the Diploma Programme 
biology course, it is hoped that students will acquire a limited body of facts and, at the same time, develop a 
broad, general understanding of the principles of the subject.

Although the Diploma Programme biology course at standard level (SL) and higher level (HL) has been 
written as a series of discrete statements (for assessment purposes), there are four basic biological concepts 
that run throughout.

Structure and function
This relationship is probably one of the most important in a study of biology and operates at all levels of 
complexity. Students should appreciate that structures permit some functions while, at the same time, 
limiting others.

Universality versus diversity
At the factual level, it soon becomes obvious to students that some molecules (for example, enzymes, 
amino acids, nucleic acids and ATP) are ubiquitous, and so are processes and structures. However, these 
universal features exist in a biological world of enormous diversity. Species exist in a range of habitats and 
show adaptations that relate structure to function. At another level, students can grasp the idea of a living 
world in which universality means that a diverse range of organisms (including ourselves) are connected 
and interdependent.

Equilibrium within systems
Checks and balances exist both within living organisms and within ecosystems. The state of dynamic 
equilibrium is essential for the continuity of life.

Evolution
The concept of evolution draws together the other themes. It can be regarded as change leading to diversity 
within constraints, and this leads to adaptations of structure and function.

These four concepts serve as themes that unify the various topics that make up the three sections of the 
course: the core, the additional higher level (AHL) material and the options.

The order in which the syllabus is arranged is not the order in which it should be taught, and it is up to 
individual teachers to decide on an arrangement that suits their circumstances. Option material may be 
taught within the core or the AHL material, if desired.


