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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.

The Diploma Programme
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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 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 subject at SL successfully with no 
background in, or previous knowledge of, the subject. 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 a relevant international GCSE subject would be well prepared. Other national 
technology education qualifications or a school-based science or technology 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 technology objectives and assessment criteria 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 with the increased emphasis on the general group 4 aim 8�that is, to �raise 
awareness of the moral, ethical, social, economic and environmental implications of using science and 
technology� (see the group 4 aims in the guides for biology, chemistry and physics). 

Nature of group 4 subjects



Nature of group 4 subjects


� 	 ' International Baccalaureate Organization 2007

Group 4 subjects and TOK
In looking at the ways of knowing described in the Theory of knowledge guide (March 2006), one could 
legitimately claim that design technology encompasses all these. Driven by emotion, using sense perception, 
enhanced by technology and combined with reason, it communicates through language, both textually 
and graphically.

The goal of technological knowledge is the improvement of the condition of humankind. The method of 
developing technological knowledge is design, but there is no single design method�it depends on the 
nature of the technological problem to be solved or the opportunity to be realized. The design method 
involves: the careful collection of data from many sources; a deep understanding of the design context; 
both convergent and divergent reasoning; innovation and creativity in the suggestion of outcomes; and 
modelling skills (graphical and three-dimensional) in the representation of the technology.

Technology is multidisciplinary, and so derives its knowledge from many sources. There is no set or defined 
body of technological knowledge. Relevant technological knowledge is only defined by the context of the 
problem or opportunity for which a technological solution is being sought. So designing, the methodology 
of technology, involves the seeking out of the knowledge that will facilitate a successful outcome. Some 
data and information may be collected and examined but later discarded because it does not progress the 
design process. During the guided collection of relevant knowledge, skills are developed that are applied 
to future technological problems. As the repertoire of skills becomes broader, individuals become more 
expert in understanding and developing technology.

Group 4 subjects and the international dimension
Technology itself is an international endeavour�the exchange of information and ideas around the 
world has been both a cause and an effect of the development of technology. 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 technology is a modern invention is a myth�people began developing 
technologies when they first started fashioning tools from stones, making fire to process their food, and 
shaping material to keep themselves warm. Teachers are encouraged to emphasize this contribution in their 
teaching of various topics, perhaps through an analysis of the principles of early technologies and the use 
of time-line web sites. The design technology method in its widest sense, with its emphasis on creativity, 
innovation, 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 technology.

On an organizational level, many international bodies now exist to analyse and promote technology. 
International bodies such as the International Labour Organization, the UN Industrial Development 
Organization, the UN Framework Convention on Climate Change, the UN Conference on Trade and 
Development and many others monitor, plan and provide information about global technology issues. The 
rapid profusion of these international organizations attests to the global nature of technology: both the 
internationalization of the design and development of technology, and the global effects of technologies, 
for example, climate change. Group 4 students are encouraged to access the extensive web sites of these 
international organizations to enhance their appreciation of the international dimensions of technology. 
Some topics in the group 4 guides are specifically written to bring out this global dimension. On a practical 
level, the group 4 project mirrors real technology by encouraging collaboration between schools across the 
regions.

The power of technology 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 designers to 
ensure that appropriate technologies are available to all communities on an equitable basis and that they 
have the technological 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. 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. 

However, 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. In design technology, students at both SL and HL study 
one option.

Design technology students at SL are required to spend 55 hours, and students at HL 81 hours, on practical/
investigative work. This includes 28 hours on the design project at SL and 41 hours on the design project at 
HL. This also includes 10 hours for the group 4 project for both SL and HL. The design technology curriculum 
models are shown below.

SL design technology curriculum model
SL Total teaching hours 150

Theory 95

Core 65

Options 30

Practical work 55

Investigations 17

Design project 28

Group 4 project 10

HL design technology curriculum model
HL Total teaching hours 240

Theory 159

Core 65

Additional higher level (AHL) 49

Options 45

Practical work 81

Investigations 30

Design project 41

Group 4 project 10

Curriculum model
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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 3: Green design� or �Option 
D: Textiles�).

Sub-topics
Sub-topics are numbered and the estimated teaching time required to cover the material is indicated (for 
example, �3.2 Life cycle analysis (5 hours)�). The 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, �3.2.3 List the key stages in life cycle analysis�). 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.)

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

Format of the syllabus details
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Topic or option

Sub-topic

Assessment 
statement

Teacher�s notes

Objective
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Diploma Programme design technology aims to develop internationally minded people whose enhanced 
understanding of the technological world can facilitate our shared guardianship of the planet and create a 
better world.

Diploma Programme design technology achieves a high level of technological literacy by enabling students 
to develop critical-thinking and design skills, which they can apply in a practical context. While designing 
may take various forms, it will involve the selective application of knowledge within an ethical framework. 
It will focus on the design, development, analysis, synthesis and evaluation of problems, and their solution 
through practical activities. The creative tension between theory and practice is what characterizes design 
technology within the Diploma Programme experimental sciences.

It is in this context that the design technology course aims to develop in students:

1.	 a sense of curiosity as they acquire the skills necessary for independent and lifelong learning and 
action through inquiry into the technological world around them

2.	 an ability to explore concepts, ideas and issues with personal, local and global significance to acquire 
in-depth knowledge and understanding of design and technology

3.	 initiative in applying thinking skills critically and creatively to identify and resolve complex social and 
technological problems through reasoned ethical decision-making

4.	 an ability to understand and express ideas confidently and creatively using a variety of communication 
techniques through collaboration with others

5.	 a propensity to act with integrity and honesty, and take responsibility for their own actions in 
designing technological solutions to problems

6.	 an understanding and appreciation of cultures in terms of global technological development, seeking 
and evaluating a range of perspectives

7.	 a willingness to approach unfamiliar situations in an informed manner and explore new roles, ideas 
and strategies so they can articulate and defend their proposals with confidence

8.	 an understanding of the contribution of design and technology to the promotion of intellectual, 
physical and emotional balance and the achievement of personal and social well-being

9.	 empathy, compassion and respect for the needs and feelings of others in order to make a positive 
difference to the lives of others and to the environment

10.	 skills that enable them to reflect on the impacts of design and technology on society and the 
environment in order to develop their own learning and enhanced solutions to technological 
problems.

Aims
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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 technology.

It is the intention of the design technology course that students achieve the following objectives.

1.	 Demonstrate an understanding of:

a.	 relevant facts and concepts

b.	 design and technological methods and techniques

c.	 technological terminology

d.	 methods of presenting technological information.

2.	 Apply and use:

a.	 relevant facts and concepts

b.	 design methods and technological techniques

c.	 technological terminology to communicate effectively

d.	 appropriate communication methods to present information.

3.	 Construct, analyse and evaluate:

a.	 design briefs, problems, specifications and plans

b.	 methods, techniques and products

c.	 data, information and technological explanations.

4.	 Demonstrate the personal skills of cooperation, perseverance, integrity and responsibility appropriate 
for effective designing.

5.	 Demonstrate the manipulative skills, processes and techniques necessary to carry out technological 
activity with precision and safety.

Note: The aims and objectives for design technology are different from the aims and objectives for 
the other group 4 subjects.

Objectives
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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.

Command terms
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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 design technology 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 24 12 12 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 20 10 10 1 Several short-answer questions and 
extended-response questions in the 
option studied (all compulsory)

IA—
investigations 
and group 4 
project

18 27 Teacher choice�for investigations

IA—design 
project

18 28 Student choice

Assessment outline
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HL design technology 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 24 12 12 1¾ Section A: one data-based question 
and several short-answer questions on 
the core and the AHL (all compulsory)

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

Paper 3 20 10 10 1… Several short-answer questions and 
extended-response questions in the 
option studied (all compulsory)

IA—
investigations 
and group 4 
project

18 40 Teacher choice�for investigations

IA—design 
project

18 41 Student choice

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 the design project. 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 and HL are required to answer one question from a choice of three. 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 and HL are 
required to answer several short-answer questions and extended-response questions in the option 
studied.

External assessment
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General introduction
The internal assessment (IA), worth 36% of the final assessment, consists of an interdisciplinary project (the 
group 4 project), a mixture of short- and long-term investigations and 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 design work

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

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. SL and HL students 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, option and, where relevant, AHL material. A minimum number of investigations to be carried 
out is not specified.

Practical work and internal assessment
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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 will 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 the 
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 covering a wide 
range of design activities.

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.

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 practical work corresponding to the best mark achieved by each student when 
assessed using the internal assessment criteria (planning, research, development and evaluation) and the 
instructions given by the teacher for the practical work and for the design project must be retained for 
possible inclusion in the sample work sent to an internal assessment moderator.
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Time allocation for practical work
The recommended teaching times for all Diploma Programme courses are 150 hours at SL and 240 hours 
at HL. In design technology, students at SL are required to spend 55 hours, and students at HL 81 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.

Only some of the 55/81 hours of practical work need be allocated to the practical work that is assessed using 
the design technology IA criteria. Assessment using the design technology IA criteria 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 

Guidance and authenticity
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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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Group 4	

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.

Internal assessment criteria
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Criteria and aspects
There are six assessment criteria that are used to assess the work of both SL and HL students.

�	 Planning�P

�	 Research�R

�	 Development�D

�	 Evaluation�E

�	 Manipulative skills�MS

�	 Personal skills�PS

The first four criteria�planning (P), research (R), development (D) and evaluation (E)�are each assessed 
twice, once during investigations and once in the design project.

Manipulative skills (MS) will be assessed once only and this is during the design project. 

Personal skills (PS) will be assessed once only and this is 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�).

P × 2 = 12

R × 2 = 12

D × 2 = 12

E × 2 = 12

MS × 1 = 6 (in design project)

PS × 1 = 6 (in group 4 project)

This makes a total mark out of 60.

It will be submitted to IBCA as a mark out of 30 for the investigations (and the group 4 project) and a mark 
out of 30 for the design project. These will then be added together and scaled at IBCA to give a total out of 
36%.

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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Planning

Levels/marks Aspect 1 Aspect 2 Aspect 3

Defining the problem Formulating a brief or 
research question

Selecting variables or 
specifications

Complete/2 Identifies a focused 
problem for a design 
project or investigation.

States a detailed brief or 
research question that is 
appropriate to the level 
of study.

Selects and explains 
appropriate variables or 
specifications.

Partial/1 Identifies a suitable 
problem, but lacks detail 
in the explanation.

States a brief or research 
question, but this is not 
explained in detail.

Selects some 
appropriate variables or 
specifications.

Not at all/0 Does not identify a 
suitable problem or 
repeats the general aim 
provided by the teacher.

Does not state a 
brief or research 
question or the brief 
or research question is 
inappropriate.

Does not select 
appropriate variables or 
specifications.

Research

Levels/marks Aspect 1 Aspect 2 Aspect 3

Strategies Data collection Data processing and 
analysis

Complete/2 Identifies suitable 
strategies for research.

Collects appropriate 
research material.

Processes research 
material astutely with 
detailed analysis.

Partial/1 Identifies some relevant 
strategies.

Collects some useful 
research material.

Processes research 
material appropriately, 
though analysis is 
limited.

Not at all/0 Does not identify 
strategies or strategies 
are teacher-directed.

Does not collect any 
research material 
or the material is 
inappropriate.

Processes research 
material inappropriately.
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Development

Levels/marks Aspect 1 Aspect 2 Aspect 3

Creativity Techniques Solution

Complete/2 Uses a range of 
innovative ideas to solve 
the problem.

Uses a wide range of 
appropriate techniques.

Arrives at a good 
solution to the problem.

Partial/1 Uses limited innovative 
ideas to solve the 
problem.

Uses a range of 
appropriate techniques.

Arrives at a satisfactory 
solution to the problem, 
but with aspects 
unresolved.

Not at all/0 Uses ideas that are 
mundane or irrelevant.

Does not use a 
range of techniques 
or techniques are 
inappropriate.

Arrives at an 
inappropriate solution 
to the problem or does 
not arrive at a solution.

Evaluation

Levels/marks Aspect 1 Aspect 2 Aspect 3

Conclusion Procedure Recommendations

Complete/2 Provides clear evidence 
of a valid conclusion 
that addresses the brief 
or research question.

Includes comprehensive 
evaluation of 
procedures at 
each stage of the 
investigation or project.

Makes realistic 
recommendations for 
improvement.

Partial/1 Provides a reasonable 
conclusion that makes 
reference to the brief or 
research question.

Includes limited 
evaluation of 
procedures.

Makes some useful 
recommendations for 
improvement.

Not at all/0 Provides no valid 
conclusion.

Includes no evaluation 
of procedures or 
procedures are  
teacher-directed.

Makes no valid 
recommendations for 
improvement.
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Manipulative skills (used only for assessing the design project)
This criterion addresses objective 5.

Levels/marks Aspect 1 Aspect 2 Aspect 3

Procedures Use of equipment and 
materials

Techniques

Complete/2 Is able to adhere to 
procedures for carrying 
out practical work in 
a precise, methodical 
manner.

Manipulates materials 
and equipment with skill 
and pays due attention 
to the safety factors.

Is able to master a wide 
range of techniques for 
practical tasks.

Partial/1 Is able to adhere to 
procedures for carrying 
out practical work but 
overlooks some aspects.

Manipulates materials 
and equipment to 
complete the task in a 
safe manner.

Is able to master a 
variety of techniques 
for practical tasks 
but within narrow 
parameters.

Not at all/0 Is unable to adhere to 
procedures for carrying 
out practical work 
or requires constant 
guidance from the 
teacher.

Is unable to manipulate 
materials and 
equipment satisfactorily 
or safely.

Is able to deal with 
a limited range of 
techniques for practical 
tasks.

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

Planning

Aspect 1: defining the problem
Students should be given the opportunity to explore open-ended problems. The need or opportunity 
for formulating a suitable design brief or research question should be identified and fully explained. A 
particular design context will normally offer a variety of potential problems to solve.

Although the general aim of the investigation may be given by the teacher, students must identify a focused 
problem for themselves. It is not sufficient for a student merely to restate the research question provided by 
the teacher. Teachers must not tell students the intended outcome of the investigation or project.

Aspect 2: formulating a brief or research question
Having explored the design context, students will need to formulate a brief for a project or a research 
question for an investigation. The brief or research question needs explanation or justification. A project 
brief will explain the nature of the intended outcome and the target market. A research question will be 
justified in relation to the design context. For example, a question that states that the investigation concerns 
testing a range of timbers to compare their properties is not as good as one that relates the question to the 
appropriate selection of timbers based on their properties for a floor covering, for which the criteria for 
selection of a suitable timber will be explained.

Aspect 3: selecting variables or specifications
Having formulated their own brief or research question, students will select appropriate variables for an 
investigation or specifications for a project. 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 effect of the independent variable on the dependent variable.

The initial design specification for a project needs to be explained in relation to the design brief, and 
priorities for research and development should be stated. The specifications should be justified as a list of 
requirements against which ideas will be evaluated and the final outcome assessed.

Research

Aspect 1: strategies
A variety of sources for collection of suitable data should be identified and priorities made clear. Research 
for the project or investigation should anticipate the collection of sufficient data so that the brief or research 
question can be suitably addressed. Research may take many forms depending on the design context 
chosen.

Clarifications of the IA criteria
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Aspect 2: data collection
For a design project, there should be a balance between qualitative and quantitative data collection, and 
between primary and secondary data. Investigations may be focused on strategies for collection of one 
particular category of data, usually quantitative. Data may be presented in a variety of forms, for example, 
tables, graphs or photographs, and so on.

Aspect 3: data processing and analysis
In a design project, research material will form the basis for generation of ideas. Analysis of data that has 
been suitably processed should relate the usefulness of the research material to the design brief or research 
question. Errors or uncertainties should be identified where appropriate, and the effect on the reliability of 
the data quantified. Students should show that they can take raw data, transform it and present it in a form 
suitable for analysis.

Development

Aspect 1: creativity
Students should demonstrate originality in tackling the project or investigation. When addressing this 
criterion, teachers will need to ensure that projects and investigations have enough scope for innovation.

Aspect 2: techniques
Techniques should be chosen that are appropriate to the task and provide evidence of innovative ideas. This 
may be in the form of detailed drawings, models (physical and/or CAD), tests, experiments, and so on.

Aspect 3: solution
The final solution needs to be described in appropriate detail. The solution may be the result of an 
experiment or the use of the design process to design a product or system. For a design project, the 
detailing must be sufficient for the solution to be realized, with materials and manufacturing techniques 
made explicit. Formal drawings should be produced in an appropriate format.

Evaluation

Aspect 1: conclusion
The validity of the solution to the problem should be evaluated and justified. Evidence may be provided via 
testing of a designed product and expert appraisal or astute interpretation of data for an investigation, even 
if the conclusion appears contradictory to the accepted theories.

Aspect 2: procedure
The suitability of chosen strategies at each stage of the investigation or project should be assessed taking 
into account available resources, including time. Students should not only state weaknesses, but also 
indicate how significant the weaknesses are. For a design project, procedures will also relate to testing the 
solution in relation to the specifications stated at the planning stage and gaining user research.
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Aspect 3: recommendations
Suggestions for improvements should be based on the weaknesses and limitations identified in aspect 2. 
Improvements may be presented in a variety of forms, such as drawings, a modified design specification, 
or a new set of variables. For investigations based on data collection, modifications should address issues 
of precision, accuracy and reproducibility of the results. The modifications proposed should be realistic 
and clearly described. It is not sufficient to state that more precise equipment should be used or more time 
allocated. Modifications for a designed prototype should consider changes to the design for scaling up 
production and to produce a design family of products.

Manipulative skills
This criterion relates to the design project only for assessment purposes.

Aspect 1: procedures
The procedures for practical work should be conducted in a methodical manner to aid the finishing of the 
final outcome. Practical work should have been planned in advance so as to show clearly the sequence 
of operations to be carried out. Equipment, materials and estimates of time allowance for each operation 
should be stated clearly if students are to be able to work to plan.

Aspect 2: use of equipment and materials
The level of guidance required will depend on the nature of the activity and experience of the students. 
Health and safety must be given due consideration at all times, with explicit evidence apparent in the 
documentation. Evidence of manipulative skills should be clear from a diary of manufacture. Photographs 
of the final outcome should be evident in the evaluation section of the report.

Aspect 3: techniques
A variety of techniques will be relevant to the task. Students should have made astute judgments concerning 
resource issues for completing the investigation or project. Materials, components and equipment must be 
manipulated to a standard that will allow a detailed evaluation.
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Group 4	

In common with the other group 4 subjects, design technology aims to develop and apply the students� 
information and communication technology (ICT) skills in the study of the subject. The use of ICT is 
encouraged in practical work throughout the course whether the investigations and projects are assessed 
using the IA criteria or otherwise.

Section A: use of ICT in assessment
The word processing of IA investigations and projects should be encouraged so as to develop students� 
presentation skills and knowledge of new design applications. A typical IA document should include a 
variety of presentation techniques, which may include text, graphs, diagrams and photographs.

Planning
Students may use ICT in order to justify their chosen problem/investigation by examining some existing 
products or by conducting some market research. Market research could be presented in tables or graphs 
and the user needs identified and summarized. Issues that need to be investigated could be presented in 
a table with suggested sources, which will enable the student to gather reliable data. The following is an 
example.

Issues for 
investigation

Primary data Secondary data

Size of users Measure a range of possible users www.ergonomics4schools.co.uk

Peoplesize 2000 (computer software) 
produced by Open Ergonomics Ltd.

Pheasant, S. 1996. Bodyspace: 
Anthropometry, Ergonomics and the 
Design of Work. Taylor & Francis.

Materials and 
manufacturing 
methods

Photograph existing products Norman, E, Urry, S, Cubitt, J, Whittaker, 
M. 2000. Advanced Design and 
Technology. Longman.

Focus on plastics (computer software) 
produced by Focus Educational 
Software Ltd.

Research
ICT should be used appropriately so as to aid students in their gathering of data or presentation of work. 
Students should be encouraged to convert and edit raw data so that it can be presented in tables, graphs, 
diagrams and photographs. Data presented using ICT should be annotated and sources clearly identified.

The Internet allows students to gather a wide range of data, but finding a reliable source can be very  
time-consuming and perhaps less appropriate than a primary source. Students should use ICT to collect and 
edit data from the Internet, questionnaires, CD-Roms, spreadsheets, databases and digital imagery.

The use of ICT in design technology
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Development
Students will not be expected to digitize hand-drawn sketches and other development work. However, the 
use of computer-aided design (CAD) to aid development and manufacture should also be evident. Formal 
dimensioned drawings should be produced using CAD systems. Formal drawings could be in the form of 
textile patterns, orthographic projection, electronic systems and printed circuit board (PCB) diagrams.

Evaluation
Evidence of testing should be presented using digital photographs.

Manipulative skills
The planning of manufacture or other activities should use ICT where appropriate. The use of Gantt charts, 
flow diagrams and sequence diagrams should be encouraged. Evidence of practical activities should 
be in the form of an annotated photographic diary, whereas any changes or improvements to formal 
drawings could be supported by an ongoing evaluation. Evidence of two- and three-dimensional (2D and 
3D) modelling should be in the form of digital images. Proof of the final project outcome should also be 
presented in a digital format.

The use of data-logging software
Data-logging software may be used in investigations assessed using the IA criteria provided that the 
following principle is applied.

The student�s contribution to the investigation 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 investigation.

(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.)

Use of data-logging software is appropriate with respect to assessment if the student decides and inputs 
most of the relevant software settings.

With some software, the same investigation could be carried out with little or no student input, and as such 
would be inappropriate for assessment.

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

�	 Software for graph plotting

�	 Computer modelling software

�	 CAD

�	 The Internet and CD-Roms to gather research data

�	 A spreadsheet for data processing

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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Group 4	

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. This 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 the group 4 
aims 7, 8 and 10 of the biology, chemistry and physics 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.

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.

The group 4 project
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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

Note: Although the aims of design technology are not identical to the other group 4 subjects, it is 
the following group 4 aims that are referred to when describing the interdisciplinary group 4 project 
undertaken by all group 4 students.

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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Group 4	

Introduction
The design project, which unifies all aspects of the design technology course, is based on the design cycle 
and is a compulsory element of the practical course of work and assessment.

The syllabus for HL has more breadth than that for SL, with 41 hours allocated to the design project as 
distinct from 28 hours at SL. It is expected, therefore, that HL students should develop a greater knowledge 
and skill base than SL students, and should demonstrate this through the design project.

Project summary report
Each student must submit a project summary report, which identifies the key stages of the project 
development. The report may contain information in the form of text, diagrams, photographs, and so on, 
and should explain the process followed and the decisions taken.

Assessment
The design project must be assessed against the design technology criteria: planning, research, 
development, evaluation and manipulative skills.

The design project
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To design with technology is to use human ingenuity in selected activities in order to meet needs and 
find solutions. This can be achieved through existing or new technologies. Design consists of gathering 
information about the problem or opportunity, processing that information, and planning for some 
kind of intervention either by modifying what is already there or by introducing something new. The 
designer is interested not just in the material environment but also in the social, technological, economic, 
environmental, political, legislative and ethical considerations that affect people�s priorities.

The intent of the course
Diploma Programme design technology is based on a model of learning that incorporates knowledge, skills 
and design principles in problem-solving contexts, while at the same time maximizing the use of local and 
readily available resources. It assumes no previous experience in either technology or design. The intent 
is not solely the acquisition of knowledge about design and technology, which may change or become 
outdated, but it is about learning how to adapt to new experiences and to approach problems with the 
appropriate skills and the relevant techniques to identify the important elements and, crucially, to develop 
the optimum solutions. The design cycle is at the core of the course, and it is expected that students will 
use this process in the practical investigative work as well as in the theory. Each element in the design cycle 
represents an aspect of design technology, which, when viewed together, constitutes a holistic approach. 
Any given element is therefore only to be seen in the context of the whole process.

Design technology within group 4
Technology relies on the laws and properties of nature and the accumulated knowledge of technology 
to create new products, techniques and systems. Design technology sits comfortably in the Diploma 
Programme experimental sciences, because the design cycle involves inquiry, and students need to study 
scientific principles in order to understand advances made in society and to be able to speculate what 
might be achieved in the future.

The range of syllabus topics has been chosen to ensure a balance and interest for all students regardless 
of their gender and previous experience. It includes options that will be attractive to all students, not 
only those whose future studies will be in the field of science, technology or engineering, and it offers 
opportunities for in-depth studies of relevant technological issues for those who will study such subjects.

The design cycle and group 4
The design cycle to technology is the equivalent of the scientific method to science. The emphasis 
is therefore on using the design cycle to solve a problem or to realize an opportunity using relevant 
information and production techniques. Practical and/or investigative work centres on developing skills 
and ideas, the properties of materials, mechanisms, control systems and production techniques, as they 
apply to constructing a product or system.

Design technology

Nature of the subject
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Design technology as a complement to the arts
The majority of students will have little or no experience of formal courses in technology at the start of 
the Diploma Programme. Consequently, standard level (SL) design technology is ideally suited to the non-
science specialist. It can be used as a bridge between the sciences and the designed world around us. It 
might be seen as �a spectrum, with ideas at one end and techniques and things at the other, with design 
as the middle term� (Edwin Layton, 1974, �Technology as Knowledge� in Technology and Culture, Vol 15, 
No 1, pp 37�38). Design technology is concerned with people�s needs and what they regard as important. 
The politics of society, and the cultural, aesthetic and artistic needs and values are given due status. In 
addition, environmental considerations are given significant emphasis. The subject is strongly connected 
with social issues, making informed choices, and differentiating between information and misinformation in 
technology. Students are encouraged to study the technologies in different cultures and to understand the 
forces that have shaped their development. The course is not solely about �high technology� (sophisticated, 
industrialized, mass production) but also includes the appropriateness of technologies for societies. 
Diploma Programme design technology emphasizes good technological design, how to exercise judgment 
and responsibility in the use of technology, how to recognize needs, how to explore a range of conflicting 
demands, and how to produce the optimum solution.

Design technology interfaces well between the sciences and the arts, using principles from both in the 
design cycle.

Design technology for the scientist or engineer
Where students may be considering a university or college course in science, applied science, technology, 
product design or engineering, the standard level (SL) and higher level (HL) courses may be taken in 
conjunction with any other course in group 4. Diploma Programme design technology then provides such 
students with the opportunity to deal with realistic problems and to synthesize appropriate solutions using 
the processes practised during the course, in particular through the design project.

Overview of course structure
Core syllabus topics are based on the study of course concepts such as the design process, product design, 
green design and product innovation, as well as knowledge of materials, product development and 
evaluation strategies. Through their study of the core topics, students will appreciate how these topics 
interact and overlap with each other depending on the design context and the viewpoints of the designer, 
manufacturer and consumer. Additional higher level (AHL) topics examine in more detail technological 
knowledge relating to the practical function of products, their methods of manufacture, and designing for 
a sustainable future.

Students are only required to study one option topic for examination in paper 3. Option topics are based 
on 30 hours teaching at SL and 45 hours at HL. This allows for more in-depth treatment of the topics than in 
the previous course (two shorter options studied) and allows more time for development of practical work. 
Options have been chosen to offer a wide range of choices and to allow schools to give a particular focus to 
their course depending on resources and curriculum development.
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Possible teaching approaches
There are many approaches that can be taken, and the syllabus is written in a non-prescriptive way so that 
the facilities and the location of schools will not be the deciding factor in successfully teaching the course.

The processes at work in design technology activities involve the continual iteration of students� ideas 
between the issues that are being solved and the proposals that are being developed (practical tests, 
drawings and models) for the solution.

It is a dynamic process of clarification�reflective and active�which involves thinking and doing. The 
subject requires students to experience practical, experimental, investigative and project work in the 
workshop or classroom. This needs to be hands-on and not solely taught by demonstration.

Time is allowed in the course to enable the theory to be integrated with practical work experiments and 
investigations. The length and frequency of these experiments and investigations have not been specified, 
so that teachers may adapt the course to their particular human and physical resources. The processes 
involved in design and problem solving are complex: short practical investigations lasting over one or two 
classes can be used to exemplify aspects of the process in addition to the project. No specific period of the 
course is stipulated for the design project, but it is reasonable to consider undertaking it in the second year 
where sufficient syllabus content has been covered to allow acquired skills and knowledge to be used. The 
option may be taught after the other parts of the course, or it may be integrated into the teaching of other 
topics at various stages in the course.

Resource requirements
The main emphasis of the course is on the design process and the design cycle, not the hardware required 
in manufacturing artifacts. For schools new to the subject, the equipment and consumables required by 
this course will vary from school to school and will depend very much on the option chosen for study. 
Schools currently teaching design technology should choose the option that suits their facilities, equipment 
and expertise. Computers, and access to the Internet, open up further resource avenues rich in materials 
relevant for design technology.
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The syllabus for the Diploma Programme design technology course is divided into three parts: the core, the 
AHL material and the options.

Teaching 
hours

Core 65
Topic 1: Design process 10

Topic 2: Product innovation 7

Topic 3: Green design 9

Topic 4: Materials 17

Topic 5: Product development 11

Topic 6: Product design 5

Topic 7: Evaluation 6

AHL 49
Topic 8: Energy 9

Topic 9: Structures 10

Topic 10: Mechanical design 8

Topic 11: Advanced manufacturing techniques 10

Topic 12: Sustainable development 12

Options SL and HL 30/45
Option A: Food science and technology 30/45

Option B: Electronic product design 30/45

Option C: CAD/CAM 30/45

Option D: Textiles 30/45

Option E: Human factors design 30/45

Students at SL and HL are required to study one option from A�E. 
The duration of each option is 30 hours at SL and 45 hours at HL.

Design technology

Syllabus overview
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Teaching 
hours

Core 65 

Topic 1: Design process 10
1.1 The design cycle model and the design process 3
1.2 Generating ideas 2
1.3 Communicating ideas 5

Topic 2: Product innovation 7
2.1 Designers and the product cycle 2
2.2 Invention and innovation 3
2.3 People and markets 2

Topic 3: Green design 9
3.1 Principles of green design 2
3.2 Life cycle analysis 5
3.3 Strategies for green design 2

Topic 4: Materials 17
4.1 Introducing and classifying materials 1
4.2 Properties of materials 3
4.3 Timber 3
4.4 Metals 3
4.5 Plastics 3
4.6 Ceramics 2
4.7 Composites 2

Topic 5: Product development 11
5.1 Manufacturing techniques 1.5
5.2 Craft production 1.5
5.3 Mechanization 2
5.4 Automation 2
5.5 Economic considerations 2
5.6 Clean manufacturing 2

Topic 6: Product design 5
6.1 Ergonomics 2
6.2 The designer and society 3

Topic 7: Evaluation 6
7.1 Evaluation and designing 2
7.2 Evaluation and manufacturing 2
7.3 Evaluation and the consumer 2

Design technology

Syllabus outline
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Teaching 
hours

AHL 49

Topic 8: Energy 9
8.1 Historical overview 3
8.2 Types of energy: economic, environmental and political aspects 3
8.3 Case studies 3

Topic 9: Structures 10
9.1 Young�s modulus�stress and strain 2
9.2 Forces 2
9.3 The strength and stiffness of structures 3
9.4 Beams 3

Topic 10: Mechanical design 8
10.1 General concepts 4
10.2 Mechanical motion 2
10.3 Conversion of motion 2

Topic 11: Advanced manufacturing techniques 10
11.1 Joining 2
11.2 Moulding 3
11.3 Casting 3
11.4 Forming 2

Topic 12: Sustainable development 12
12.1 Appropriate technology and sustainable development 4
12.2 Sustainable building design 8

Options SL and HL 30/45

Option A: Food science and technology 30/45
Core (SL and HL) 30
A1 Development of the food industry 4
A2 Designing new food products 2
A3 Nutrition, balanced diet and health 6
A4 Food spoilage and food preservation 4
A5 Food science 2
A6 Food processing 3
A7 Food packaging and distribution 3
A8 People and food�lifestyles 3
A9 Issues and responsibilities 3
Extension (HL only) 15
A10 Food poisoning 5
A11 Genetically modified organisms and food production 5
A12 Food security 5

Option B: Electronic product design 30/45
Core (SL and HL) 30
B1 General principles 6
B2 Digital logic 5
B3 Control 2
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Teaching 
hours

B4 Operational amplifiers 6
B5 Programmable interface controllers 5
B6 Communication systems 4
B7 Global standards for digital electronic products 2
Extension (HL only) 15
B8 The smart home 5
B9 Disposal of electronic products 5
B10 Converging technologies 5

Option C: CAD/CAM 30/45
Core (SL and HL) 30
C1 The impact of CAD on the design process 6
C2 CAM systems 8
C3 The impact of CAD/CAM on manufacturing 5
C4 Rapid prototype manufacture 6
C5 CAD/CAM products 5
Extension (HL only) 15
C6 Materials 3
C7 Robots 6
C8 Social, moral, economic and environmental aspects 6

Option D : Textiles 30/45
Core (SL and HL) 30
D1 Raw materials 4
D2 Fabric manufacturing and finishing techniques 5
D3 Evolution of textile processing 2
D4 Designing textiles with CAD 3
D5 Manufacturing textiles with CAM 2
D6 Medical products 3
D7 Recreational products 2
D8 Transportation products 2
D9 Markets 4
D10 Silk 3
Extension (HL only) 15
D11 Smart clothing and wearable computing 5
D12 Sustainability in the textile industry 5
D13 Cotton and the �EU Flower�: case study of an ecolabel 5

Option E: Human factors design 30/45
Core (SL and HL) 30
E1 Human factors design 3
E2 Human factors data 4
E3 Research and testing 3
E4 Modelling 3
E5 Health and safety legislation 3
E6 Design for usability 2
E7 Contexts 12
Extension (HL only) 15
E8 Digital humans 3
E9 Design for disability 6
E10 Design for purpose 4
E11 Beyond usability�designing for pleasure 2
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Topic 1: Design process (10 hours)
This topic introduces the design cycle model�a fundamental concept underpinning the design process 
and central to a student�s understanding of design activities. Each element of the design cycle represents 
how designers progress through the design process to refine the design solution in increasing detail. The 
topic then moves on to focus on the strategies that designers use to arrive at solutions to problems, and 
the varied nature of the skills and knowledge they need to carry out their activities successfully. The skills 
identified in this topic should be reflected in the internal assessment (IA) and reinforced throughout the 
course.

1.1		  The design cycle model and the design process
3 hours

Assessment statement Obj Teacher’s notes

1.1.1 Describe how designers use design 
cycle models to represent the design 
process.

2 Design may be described in a variety of ways 
and degrees of complexity. Some design cycle 
models are simple and some are more complex. 
The design process usually consists of successive 
stages that can be arranged as a systematic cyclical 
process that eventually converges to produce a 
solution to a problem.

1.1.2 List the stages in the IB design cycle 
model (DCM).

1 The DCM comprises six stages, as follows:

� identifying or clarifying a need or opportunity

� analysing, researching and specifying 
requirements

� generating ideas and solutions

� developing the chosen solution

� realizing the chosen solution

� testing and evaluating the chosen solution.

Syllabus details�Core

Design technology
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Assessment statement Obj Teacher’s notes

1.1.3 Describe a design brief. 2 The design brief is the formal starting point for a 
new design. It is a statement of the expectations of 
the design. The brief does not provide the design 
solution, but is a statement that sets out:

�	 the design goal (for example, a working 
prototype to be evaluated in terms of its 
feasibility for volume production)

�	 the target market for the product (for example, 
for children, disabled adults)

�	 the major constraints (for example, should 
comply with new legislation, have fewer 
working parts, be cheaper to manufacture) 
within which it must be achieved

�	 the criteria by which a good design proposal 
may be achieved (for example, increased 
value for money and/or cost-effectiveness for 
manufacturer).

Identifying 
needs

Developing 
solutions

Evaluating Researching

Realizing 
solution

Generating 
ideas

IB design cycle model
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Assessment statement Obj Teacher’s notes

1.1.4 Describe the identifying or clarifying 
a need or opportunity stage of the IB 
design cycle model.

2 The context of the problem is described and a 
concise brief stated. The design process can begin 
with a problem, an identified need, a market 
opportunity, a demand, a desire to add value to an 
existing product, or a response to opportunities 
presented by technological developments. The 
initial design problem is a loose collection of 
constraints, requirements and possibilities. From 
this, the designer has to make a coherent pattern. 
The design brief states the intended outcome 
and the major constraints within which it must be 
achieved.

1.1.5 Describe a design specification. 2 The design specification justifies the precise 
requirements of a design. The specification will 
include a full list of the criteria against which the 
specification can be evaluated.

1.1.6 Describe the analysing, researching 
and specifying requirements stage of 
the IB design cycle model.

2 Developing the specification from the brief is an 
evolving process beginning with an initial set of 
specifications and culminating in a final product 
design specification (PDS).

1.1.7 Describe the generating ideas and 
solutions stage of the IB design cycle 
model.

2 Divergent thinking is used to consider ways in 
which a problem may be solved. The starting point 
for the generation of ideas should be the design 
specification, and proposals should be evaluated 
against this specification, with evidence of relevant 
research used to rate the ideas in terms of their 
usefulness. A variety of approaches should be used, 
and different possibilities explored and analysed, 
before deciding on the most suitable solution.

1.1.8 Describe the developing the chosen 
solution stage of the IB design cycle 
model.

2 A final concept is developed taking into account 
the conflicting needs of the manufacturer and 
the user, and the requirement of the design as 
set out in the specifications. A complete proposal 
is developed based upon the research and the 
designer�s personal ideas. This stage involves 
detailed drawings (of a style relevant to the task).

1.1.9 Describe the testing and evaluating 
the chosen solution stage of the IB 
design cycle model.

2 The final outcome is tested and evaluated against 
the requirements set out in the specification. 
Recommendations for modifications to the design 
are made. A reiteration process should now begin.

1.1.10 Explain why the IB design cycle 
model is not linear and why it is 
iterative in practice, thus making it 
representative of design thought and 
action.

3 The model emphasizes that designing is not a 
linear process. Evaluation, for example, will take 
place at various stages of the process, not just 
at the end. Similarly, ideas for possible solutions 
are not only generated at the �generating ideas� 
stage; some good ideas may develop even as early 
as the �identifying needs� stage. In practice, it is 
impossible to separate the stages of the design 
process as clearly as the model suggests.

1.1.11 Explain the role of the designer in the 
design process.

3 The designer�s role varies depending on the 
complexity of the process and the intended 
outcome.
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Assessment statement Obj Teacher’s notes

1.1.12 Describe how designers interact with 
others and how the emphasis of the 
design process varies depending on 
the designer�s role.

2 Designers often work as members of a team. 
Priorities will vary depending on the nature of the 
activity. For example, the information required by 
an architect will be different from that required by 
an engineer.

1.1.13 Explain why elements of the model 
may differ in importance according to 
the particular design context.

3 Depending upon the nature of the problem, not 
all elements of the cycle carry the same weight in 
terms of time allocation and complexity. Points to 
consider include cost, resources, skills, time, original 
design specification and product modification.

1.1.14 Define incremental design, radical 
design, convergent thinking and 
divergent thinking.

1

1.1.15 Describe the relationship between 
incremental design and convergent 
thinking.

2

1.1.16 Describe the relationship between 
radical design and divergent thinking.

2

1.1.17 Explain how elements of the design 
model reflect convergent and 
divergent thinking.

3 Convergent thinking is analytical and solution-
focused, for example, during evaluation. Divergent 
thinking is conceptual and problem-focused, for 
example, used to generate ideas.

1.1.18 Explain how design work is often 
a combination of incremental and 
radical thinking.

3 For example, the use of a new material for a 
product may be a radical leap forwards but 
the product may look very similar to previous 
products: a tennis racquet made from carbon fibre 
is a radical development, but the shape and form 
are similar to previous designs.

1.2		 Generating ideas
2 hours

Assessment statement Obj Teacher’s notes

1.2.1 Define constructive discontent. 1

1.2.2 Identify a design context where 
constructive discontent has been the 
primary generator of ideas.

2

1.2.3 Define adaptation. 1

1.2.4 Identify a design context where 
adaptation has been the primary 
generator of ideas.

2

1.2.5 Define analogy. 1

1.2.6 Identify a design context where 
analogy has been the primary 
generator of ideas.

2

1.2.7 Define brainstorming. 1

1.2.8 Identify a design context where 
brainstorming has been the primary 
generator of ideas.

2
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Assessment statement Obj Teacher’s notes

1.2.9 Define attribute listing. 1

1.2.10 Identify a design context where 
attribute listing has been the primary 
generator of ideas.

2

1.2.11 Define morphological synthesis. 1

1.2.12 Identify a design context where 
morphological synthesis has been the 
primary generator of ideas.

2

1.2.13 Discuss why designers use a variety of 
techniques to develop ideas.

3 Actual techniques selected depend upon: personal 
choice, design context and time/resources 
available.

1.3		 Communicating ideas
5 hours

Assessment statement Obj Teacher’s notes

1.3.1 Define freehand drawing. 1

1.3.2 Describe the importance of 
annotating freehand drawings.

2 Annotations explain the thinking behind the visual 
image represented by the drawing. They allow the 
designer to consider the implications of the ideas 
for further development.

1.3.3 Explain the purpose of two- and 
three-dimensional (2D and 3D) 
freehand drawings.

3 Designers use a range of freehand drawings in the 
early stages of developing ideas to explore shape 
and form (3D) and constructional details (2D).

1.3.4 Define orthographic drawing. 1

1.3.5 Explain the purpose of an 
orthographic drawing.

3 An orthographic drawing shows details and 
dimensions and can be used as a production 
drawing.

1.3.6 Identify the stage of the design 
process where orthographic drawings 
are relevant.

2 Orthographic drawings are produced at the final 
solution stage and are used as working drawings in 
the realization stage.

1.3.7 Define isometric drawing. 1

1.3.8 Explain the purpose of an isometric 
drawing.

3 An isometric drawing depicts the proposed 
solution in 3D showing shape and form.

1.3.9 Define exploded isometric drawing. 1

1.3.10 Explain the purpose of an exploded 
isometric drawing.

3 The drawing is exploded to show component 
parts of a product and/or the sequence of 
assembly.

1.3.11 Define perspective drawing. 1

1.3.12 Explain the purpose of perspective 
drawing.

3 Compare perspective drawings with isometric 
drawings. Perspective drawings take into account 
spatial arrangements, for example, foreshortening, 
while isometric drawings are constructed to a set 
angle.

1.3.13 Define computer-aided design (CAD) 
and computer modelling.

1
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Assessment statement Obj Teacher’s notes

1.3.14 Outline two advantages and two 
disadvantages of using CAD instead 
of traditional drawing methods.

2 Consider the skills required, storage, complexity 
and styles of the drawings, interfacing with other 
aspects of information and communication 
technology (ICT), time, cost and the purpose of the 
drawings.

1.3.15 Define algorithm. 1

1.3.16 Describe how an algorithm can be 
used to communicate a process.

2 For example, consider the operation of a lift. 
Correct sequencing is important, with input, 
process and feedback.

1.3.17 Define flow chart. 1

1.3.18 Draw a simple flow chart using 
symbols.

1

1.3.19 Describe how a flow chart can be 
used to communicate a process.

2

1.3.20 Explain the differences between flow 
charts and algorithms.

3

1.3.21 Describe models as representations 
of reality and representing selected 
features of a design.

2

1.3.22 Describe a range of physical models. 2 Consider scale model, clay model and prototype. 
Refer to a range of modelling materials, for 
example, clay, card, foam, board, balsa and wood.

1.3.23 Explain the purpose of the various 
models described in 1.3.22.

3

1.3.24 Define mathematical model. 1

1.3.25 Describe the role of spreadsheet 
software in the development of 
mathematical models.

2

1.3.26 Outline the advantages and 
disadvantages of graphical, physical 
and mathematical models.

2

1.3.27 Describe three advantages of using 
models as part of the design process.

2 Communication with clients, communication with 
team members, and ability to manipulate ideas 
better than with drawings.

1.3.28 Describe three limitations of the use 
of models in the design process.

2 Designers can easily make assumptions about how 
accurately a model represents reality: it may not 
work like the final product or be made of the same 
material.
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Topic 2: Product innovation (7 hours)
Innovation and the continuous development of new and improved products are key to the design process. 
This topic considers the relationship between the design cycle and the product cycle. It moves on to 
explore the role of invention in innovation and the impact of market pull and technology push on product 
innovation. Establishing and developing markets for products are a critical element of the product cycle.

2.1		  Designers and the product cycle
2 hours

Assessment statement Obj Teacher’s notes

2.1.1 Describe the product cycle. 2

2.1.2 Discuss the role of the designer in the 
product cycle.

3 Designing is part of the product cycle: as a need 
is generated, a product is designed, made and 
sold, eventually becoming obsolete. The cycle is 
complicated by distributors, retailers, accountants 
and production engineers, all of whom have an 
influence over the cycle. Although the designer 
is an integral part of the process, he or she is not 
necessarily in control (unlike in the design process). 
Computer-aided design (CAD) and computer-
aided manufacture (CAM), where a prototype is 
produced by the designer from his or her personal 
computer (PC), blurs this distinction.

2.1.3 Outline the product cycle in terms 
of early, mature and late stages of 
development.

2 In the early stages of the product cycle, many 
changes to the product take place until it develops 
to the mature stage, where it is diffused into the 
market, gains acceptance and sells well. In the late 
stage, the product begins to decline in need and 
therefore in sales.

2.1.4 Identify products that are at the 
early, mature and late stages of their 
product cycle.

2 The ballpoint pen is in the mature stage, as it still 
sells well although the design does not change 
much. The cassette tape is in the late stage, as it 
has been overtaken by successive generations of 
products.

2.1.5 Compare the design cycle with the 
product cycle.

3 Highlight how the design process is aimed at 
producing a suitable solution to a problem, and 
that the product cycle is concerned with putting 
that solution into commercial practice.

2.1.6 Discuss why for many products the 
product cycle has shortened.

3 Compare a laptop computer and a ballpoint pen. 
Laptop computers are an intensely competitive 
market, with size and power being key issues.

2.2		 Invention and innovation
3 hours

Assessment statement Obj Teacher’s notes

2.2.1 Define invention and innovation. 1

2.2.2 Outline the stages of innovation. 2 Developing an idea into a viable product; its 
production; marketing and sales; followed by 
redesign; and the cycle or spiral continues.
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Assessment statement Obj Teacher’s notes

2.2.3 Discuss the importance of science to 
invention and innovation.

3 Science explains how the world is.

2.2.4 Discuss the importance of technology 
to invention and innovation.

3 Technology uncovers new possibilities for 
materials, manufacturing techniques and 
processes.

2.2.5 Explain why the majority of inventions 
fail to become innovations.

3 Consider marketability, financial support, 
marketing, the need for the invention, price, 
resistance to change, and aversion to risk.

2.2.6 Explain the relevance of design to 
innovation.

3 For continued innovations (re-innovation), 
products and processes are constantly updated 
(redesigned) to make them more commercially 
viable and to give consumers choice and improved 
products.

2.2.7 Define dominant design, diffusion 
into the marketplace, market pull and 
technology push.

1

2.2.8 Describe a design context where 
dominant design is relevant.

2 For example, ballpoint pen (Biro), Applefi iPodfi, 
Coca-Colafi.

2.2.9 Explain the difficulties of getting 
a product to diffuse into the 
marketplace.

3 Consider local, national and global competition. 
The problems of getting novel products to market 
include product launches and marketing.

2.2.10 Explain why it is difficult to determine 
whether market pull or technology 
push is the impetus for the design of 
new products.

3 Push and pull are present in most successful 
innovations. The explanation should apply only to 
the origin of the idea or where the idea seems to 
have been generated.

2.2.11 Define lone inventor. 1

2.2.12 Discuss why it is becoming 
increasingly difficult to be a successful 
lone inventor.

3 Most products are now extremely complex and 
rely on expertise from various disciplines. Most 
designs are developed by multidisciplinary teams.

2.2.13 Explain why lone inventors often 
find it difficult to work in the design 
departments of large companies.

3 They are often used to setting their own targets 
rather than working as members of teams. They 
can be dogmatic in their methodology and less 
flexible than team workers.

2.2.14 Define product champion. 1

2.2.15 Compare the lone inventor with the 
product champion.

3 The lone inventor may lack the business acumen 
to push the invention through to innovation. The 
product champion is often a forceful personality 
with much influence in a company. He or she is 
more astute at being able to push the idea forward 
through the various business channels and is often 
able to consider the merits of the invention more 
objectively.

2.2.16 Explain why innovators may have 
difficulty in obtaining financial 
support for an invention.

3 Most people with money to invest will be inclined 
to wait until it is clearer whether an invention 
is going to be successful before investing: the 
problem is to get them to take the risk.
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2.3		 People and markets
2 hours

Assessment statement Obj Teacher’s notes

2.3.1 Define technophile, technocautious 
and technophobe.

1

2.3.2 Explain how people can be broadly 
classified according to their reactions 
to technological change.

3 People�s reactions to technological change 
vary depending on their values and personal 
circumstances. First-order effects and second-
order effects should be taken into account, for 
example, personal gain in owning a car versus 
social and environmental considerations.

2.3.3 Define corporate strategy. 1

2.3.4 Describe the corporate strategy 
referred to as �pioneering�.

2 Pioneering means being ahead of the competitors 
by introducing a new product first. It is the most 
risky (costly) strategy but one with the potential for 
the largest gains. A pioneering company requires a 
strong research and development (R&D) capability, 
which is expensive. A pioneering company needs 
to be financially secure and requires product 
champions to push new ideas. Consider the Sony 
or Apple companies and their various pioneering 
developments. Good market research can offset 
some risk, but is problematic for novel products.

2.3.5 Describe the corporate strategy 
referred to as �imitative�.

2 The imitative strategy aims to develop a product 
similar to the �pioneered� product as quickly as 
possible. It takes advantage of R&D invested by 
others, and is less risky, but is based on a strong 
development capability.

2.3.6 Explain the benefits for a company of 
using a hybrid strategy.

3

2.3.7 Define market penetration. 1

2.3.8 Describe a strategy that a company 
would use to enhance market 
penetration.

2 Consider product promotion through marketing.

2.3.9 Define market development. 1

2.3.10 Describe how a company would 
undertake market development.

2 The identification of new markets for products, 
for example, nylon was originally developed for 
parachutes.

2.3.11 Define product development. 1

2.3.12 Describe one example of how a 
company undertakes product 
development.

2 Consider adding variations to a product to develop 
a range of products building on an established 
brand, for example, ice cream, snack food 
products, chocolate products (Kit Kat, Mars bars).

2.3.13 Define diversification. 1

2.3.14 Describe one example of 
diversification.

2 For example, a company manufacturing three-pin 
electrical plugs may consider producing them in 
a range of colours or from materials of different 
textures and/or material properties.

2.3.15 Define market sector and market 
segmentation.

1
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Assessment statement Obj Teacher’s notes

2.3.16 Outline two ways in which markets 
may be segmented.

2 Consider income, age, lifestyle, geographical 
location, and so on.

2.3.17 Define robust design and product 
family.

1

2.3.18 Discuss an example of a robust design 
that evolved into a product family.

3

Topic 3: Green design (9 hours)
Green design involves taking a �cradle to grave� approach to the design of a product by considering the 
adverse impacts of the product at all stages of its life (pre-production, production, distribution, including 
packaging, utilization and disposal) and seeking to minimize those impacts.

3.1		  Principles of green design
2 hours

Assessment statement Obj Teacher’s notes

3.1.1 Define green design, renewable 
resources and non-renewable resources.

1

3.1.2 Outline the reasons for green design. 2 Consider consumer pressure and legislation.

3.1.3 List design objectives for green 
products.

1 Objectives include:

� increasing efficiency in the use of materials, 
energy and other resources

� minimizing damage or pollution from the 
chosen materials

� reducing to a minimum any long-term harm 
caused by use of the product

� ensuring that the planned life of the product is 
most appropriate in environmental terms and 
that the product functions efficiently for its full 
life

� taking full account of the effects of the end 
disposal of the product

� ensuring that the packaging and instructions 
encourage efficient and environmentally 
friendly use

� minimizing nuisances such as noise or smell

� analysing and minimizing potential safety 
hazards.

3.1.4 Discuss the impact of �take back� 
legislation on designers and 
manufacturers of cars, refrigerators 
and washing machines.

3
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Assessment statement Obj Teacher’s notes

3.1.5 Explain how people can be broadly 
classified according to their attitudes 
to green issues.

3 People�s attitudes to green issues vary. Eco-warriors 
actively demonstrate on environmental issues. 
Eco-champions champion environmental issues 
within organizations. Eco-fans enthusiastically 
adopt environmentally friendly practices as 
consumers. Eco-phobes actively resent talk of 
environmental protection.

3.2		 Life cycle analysis
5 hours

Assessment statement Obj Teacher’s notes

3.2.1 Define life cycle analysis. 1

3.2.2 Describe how life cycle analysis 
provides a framework within which 
clean production technologies 
and green design can be evaluated 
holistically for a specific product. 

2

3.2.3 List the key stages in life cycle 
analysis.

1 Pre-production, production, distribution including 
packaging, utilization and disposal.

3.2.4 List the major environmental 
considerations in life cycle analysis.

1 Water, soil pollution and degradation, air 
contamination, noise, energy consumption, 
consumption of natural resources, pollution and 
effect on ecosystems.

3.2.5 Describe how the life cycle stages and 
the environmental considerations can 
be organized into an environmental 
impact assessment matrix.

2

3.2.6 Analyse the environmental impact of 
refrigerators, washing machines and 
cars using an environmental impact 
assessment matrix. 

3

3.2.7 Explain why elements of the matrix 
may differ in importance according to 
the particular design context.

3

3.2.8 Identify the roles and responsibilities 
of the designer, manufacturer and 
user at each life cycle stage of a 
product.

2

3.2.9 Describe one example of a situation 
where life cycle analysis identifies 
conflicts that have to be resolved 
through prioritization.

2

3.2.10 Explain that life cycle analysis is 
targeted at particular product 
categories.

3 Life cycle analysis is targeted at products with 
a high environmental impact and in the global 
marketplace. It is then impossible for companies 
to argue that their products are being made 
uncompetitive. Life cycle analysis also targets 
companies with the resources to invest in R&D.
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Assessment statement Obj Teacher’s notes

3.2.11 Explain why life cycle analysis is not 
widely used in practice.

3 Life cycle analysis is not used for many products. 
However, in the re-innovation of the design of 
a product or its manufacture, specific aspects 
may be changed after considering the design 
objectives for green products. Thus the materials 
selected may be changed to make them more 
environmentally friendly, for example, wood from 
sustainable forests or the selection of a less toxic 
varnish. A product may be distributed differently or 
its packaging may be redesigned.

3.2.12 Describe the reasons for the 
introduction of eco-labelling 
schemes.

2

3.2.13 Explain how eco-labelling reflects 
life cycle analysis of certain product 
categories.

3

3.2.14 Compare the objectives of two 
different eco-labelling schemes.

3 Consider approaches to eco-labelling in Europe, 
Australia and the United States (US).

3.2.15 Explain how eco-labelling and 
energy-labelling schemes can help 
consumers to compare potential 
purchases.

3

3.3		 Strategies for green design
2 hours

Assessment statement Obj Teacher’s notes

3.3.1 Define design for manufacture (DfM). 1

3.3.2 Describe why DfM can be a 
dominating constraint on the 
design brief and state that it can be 
conveniently split into design for 
materials, design for process and 
design for assembly.

2

3.3.3 Define design for materials, design for 
process and design for assembly.

1

3.3.4 Discuss three strategies that designers 
could employ for DfM.

3 Strategies include: minimizing the number 
of components, using standard components, 
designing components that are multifunctional 
or for multi-use, designing parts for ease of 
fabrication, minimizing handling, and using 
standard sub-assemblies.

3.3.5 Describe how designers can modify 
the environmental impact of the 
production, use and disposal of 
their product through careful 
consideration at the design stage.

2

3.3.6 Define reuse, repair, reconditioning and 
recycling.

1
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Assessment statement Obj Teacher’s notes

3.3.7 Describe how reuse, repair, 
reconditioning and recycling 
contribute to the optimization of 
resource utilization.

2

3.3.8 Describe how the strategies of reuse, 
repair and recycling can be applied 
to the design of products, including 
packaging.

2 For example, consider disposable cameras, vacuum 
cleaners and car tyres.

3.3.9 List three material groups that can be 
easily and economically recycled.

1 Consider thermoplastics, metals and glass.

3.3.10 Describe how many products 
comprise several different materials, 
and state that these materials have to 
be separated to enable recycling.

2

3.3.11 Discuss the issues underpinning the 
economic recycling of materials.

3 Consider collection, energy and processing 
considerations, redistribution.

3.3.12 Define design for disassembly. 1

3.3.13 Explain that design for disassembly is 
one aspect of design for materials and 
will facilitate recycling of products on 
disposal.

3

3.3.14 Discuss two strategies that designers 
could employ to design for 
disassembly.

3 Designing components made from one material. 
Using thermoplastic adhesives that lose their 
properties when reheated. Designing snap fittings 
instead of welding and glueing.

Topic 4: Materials (17 hours)

4.1		  Introducing and classifying materials
1 hour

Assessment statement Obj Teacher’s notes

4.1.1 Define atom, molecule, alloy and 
composite.

1

4.1.2 Describe a bond as a force of 
attraction between atoms.

2 Consider and differentiate between the three main 
types of bond: ionic, covalent and metallic.

4.1.3 Describe how materials are classified 
into groups according to similarities in 
their microstructures and properties.

2

4.1.4 Explain that several classifications 
are recognized but that no single 
classification is �perfect�.

3 It is convenient to be able to classify materials 
into categories (albeit crude in nature) that have 
characteristic combinations of properties.
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Assessment statement Obj Teacher’s notes

4.1.5 Describe that, for this course, 
materials are classified into groups: 
timber, metals, plastics, ceramics, 
food and composites; and that some 
of these groups have subdivisions.

2 In each group there can be subdivisions, 
for example, for timber (natural wood and 
man-made), metals (ferrous and non-ferrous), 
plastics (thermoplastics, thermosets), ceramics 
(earthenware, porcelain, stoneware, glass), textile 
fibres (natural or synthetic), food (vegetable or 
animal origin) and composites (difficult to classify 
due to variability and continual development of 
new composite materials). Food is included here 
for completeness, although it is dealt with in detail 
as an option.

4.2		 Properties of materials
3 hours

Assessment statement Obj Teacher’s notes

Physical properties

4.2.1 Define density, electrical resistivity, 
thermal conductivity, thermal 
expansion and hardness.

1

4.2.2 Explain a design context where 
each of the properties in 4.2.1 is an 
important consideration.

3 Density is important in relation to product 
weight and size (for example, for portability). Pre-
packaged food is sold by weight or volume, and a 
particular consistency is required.

Electrical resistivity is particularly important in 
selecting materials as conductors or insulators.

Thermal conductivity is important for objects that 
will be heated or must conduct or insulate against 
heat.

Thermal expansion (expansivity) is important 
where two dissimilar materials are joined. These 
may then experience large temperature changes 
while staying joined.

Hardness is important where resistance to 
penetration or scratching is required. Ceramic floor 
tiles are extremely hard and resistant to scratching.

Mechanical properties

4.2.3 Define tensile strength, stiffness, 
toughness and ductility.

1

4.2.4 Explain a design context where 
each of the properties in 4.2.3 is an 
important consideration.

3 Tensile strength is important in selecting materials 
for ropes and cables, for example, for an elevator.

Stiffness is important when maintaining shape is 
crucial to performance, for example, an aircraft 
wing.

Toughness is important where abrasion and 
cutting may take place.

Ductility is important when metals are extruded 
(not to be confused with malleability, the ability to 
be shaped plastically).
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Assessment statement Obj Teacher’s notes

Aesthetic characteristics

4.2.5 Outline the characteristics of taste, 
smell, appearance, texture and colour.

2

4.2.6 Explain a design context where each 
of the characteristics in 4.2.5 is an 
important consideration.

3 Some of these properties are only relevant to food, 
while others can be applied to more than one 
material group. Although these properties activate 
people�s senses, responses to them vary from 
one individual to another, and they are difficult to 
quantify scientifically, unlike the other properties.

4.3		 Timber
3 hours

Assessment statement Obj Teacher’s notes

4.3.1 Describe the structure of natural 
timber.

2 Natural timber is a natural composite material 
comprising cellulose fibres in a lignin matrix. The 
tensile strength of timber is greater along the grain 
(fibre) than across the grain (matrix).

4.3.2 Outline that timber can be classified 
according to the conditions needed 
for tree growth.

2 Consider temperate and tropical conditions. 
A general knowledge of the geographical 
distribution of world timber resources is required.

4.3.3 Outline that conifer trees are referred 
to as softwoods and that these grow 
only in temperate regions.

2 Recognize the characteristics of softwood trees.

4.3.4 Outline that deciduous trees are 
referred to as hardwoods and that 
these grow in both temperate and 
tropical regions.

2 Recognize the characteristics of hardwood trees.

4.3.5 Discuss the issues relating to 
the consideration of timber as a 
renewable resource.

3 Consider time to reach maturity, soil erosion, 
greenhouse effect and extinction of species. The 
issues should be placed in local, national and 
international contexts.

4.3.6 List two examples of composite 
timbers.

1 Consider particle board (chipboard) and plywood.

4.3.7 Compare the characteristics of 
particle board, laminated woods 
(for example, plywood), pine wood 
(a softwood) and mahogany (a 
hardwood).

3 Consider composition, hardness, tensile strength, 
resistance to damp environments, longevity 
and the aesthetic properties of grain, colour and 
texture. The ability to produce sketches showing 
cross-sectional views of the structure of the 
materials is expected.

4.3.8 Outline criteria for the selection of 
timber for different structural and 
aesthetic design contexts.

2 Consider timber for buildings, furniture and 
children�s toys.

4.3.9 Describe the reasons for treating or 
finishing wood.

2 Consider reducing attack by organisms and 
chemicals, enhancing aesthetic properties and 
modifying other properties.

4.3.10 Explain three differences in the 
selection of timbers for flooring 
if it were made of a hardwood, a 
softwood or a composite material.

3 Consider durability, ease of maintenance and 
aesthetics.
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4.4		 Metals
3 hours

Assessment statement Obj Teacher’s notes

4.4.1 Draw and describe a metallic bond. 2 Metals are often described as positively charged 
nuclei in a sea of electrons. The outer electrons 
of the metal atom nuclei are free and can flow 
through the crystalline structure. The bonding 
is caused by attraction between the positively 
charged metallic atom nuclei and the negatively 
charged cloud of free electrons. Specific 
arrangements of metal atoms are not required.

4.4.2 Explain how the movement of free 
electrons makes metals very good 
electrical and thermal conductors.

3

4.4.3 State that metals (pure or alloyed) 
exist as crystals.

1 Crystals are regular arrangements of particles 
(atoms, ions or molecules). Details of types of 
crystals are not required.

4.4.4 Draw and describe what is meant by 
grain size.

2

4.4.5 Explain how grain size can be 
controlled and modified by the rate 
of cooling of the molten metal, or by 
heat treatment after solidification.

3 Reheating a solid metal or alloy allows material 
to diffuse between neighbouring grains and the 
grain structure to change. Slow cooling allows 
larger grains to form; rapid cooling produces 
smaller grains. Directional properties in the 
structure may be achieved by selectively cooling 
one area of the solid.

4.4.6 Define plastic deformation. 1

4.4.7 Explain how metals work-harden after 
being plastically deformed.

3

4.4.8 Describe how the tensile strength of a 
metal is increased by alloying.

2

4.4.9 Explain the effect of alloying on 
malleability and ductility.

3 The presence of �foreign� atoms in the crystalline 
structure of the metal interferes with the 
movement of atoms in the structure during plastic 
deformation.

4.4.10 Describe a superalloy. 2 The strength of most metals decreases as the 
temperature is increased. Superalloys are metallic 
alloys that can be used at high temperatures, 
often in excess of 0.7 of their absolute melting 
temperature.

4.4.11 List two design criteria for superalloys. 1 Consider creep and oxidation resistance.

4.4.12 Identify applications for superalloys. 2 Superalloys can be based on iron, cobalt or nickel. 
Nickel-based superalloys are particularly resistant 
to temperature and are appropriate materials for 
use in aircraft engines and other applications that 
require high performance at high temperatures, for 
example, rocket engines, chemical plants.
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4.5		 Plastics
3 hours

Assessment statement Obj Teacher’s notes

4.5.1 Describe a covalent bond. 2 In a covalent bond the outer electrons of some 
atoms come close enough to overlap and are 
shared between the nuclei, forming a covalent 
bond. Each pair of electrons is called a covalent 
bond. Mention of sigma (�), pi (�), double or triple 
bonds is not required. Covalent bonds are strong 
bonds and examples of primary bonds (as are 
metallic and ionic bonds).

4.5.2 Describe secondary bonds as 
weak forces of attraction between 
molecules.

2

4.5.3 Describe the structure and bonding of 
a thermoplastic.

2 Thermoplastics are linear chain molecules with 
weak secondary bonds between the chains.

4.5.4 Describe the effect of load on a 
thermoplastic with reference to 
orientation of the polymer chains.

2 Deformation occurs in two ways:

� elastic, in which initially coiled chains are 
stretched and the material returns to its original 
size and shape when the load is removed

� plastic, when at higher loads the secondary 
bonds between the chains weaken and allow 
the molecular chains to slide over each other, 
and the material does not return to its original 
size and shape when the load is removed.

Creep and flow are important. No quantitative 
details are required.

4.5.5 Explain the reversible effect of 
temperature on a thermoplastic, 
with reference to orientation of the 
polymer chains.

3 Increase in temperature causes plastic 
deformation.

4.5.6 Explain how the reversible effect 
of temperature on a thermoplastic 
contributes to the ease of recycling of 
thermoplastics.

3

4.5.7 Draw and describe the structure and 
bonding of a thermoset.

2 Thermosets are linear chain molecules with strong 
primary bonds between adjacent polymer chains. 
This gives thermosets a rigid 3D structure.

4.5.8 Explain the non-reversible effect of 
temperature on a thermoset.

3

4.5.9 Discuss the properties and uses 
of polypropene and polyethene 
thermoplastic materials.

3

4.5.10 Discuss the properties and uses of 
polyurethane and urea�formaldehyde 
(methanal) thermoset materials.

3

4.5.11 Discuss the issues associated with 
the disposal of plastics, for example, 
polyvinyl chloride (PVC).

3 Although PVC disposal is problematic, PVC is still 
widely used as a structural material, for example, in 
windows and for guttering and drainpipes.
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4.6		 Ceramics
2 hours

Assessment statement Obj Teacher’s notes

4.6.1 Describe the composition of glass. 2 Glass is composed primarily of silicon dioxide 
together with some sodium oxide and calcium 
oxide and small quantities of a few other 
chemicals.

4.6.2 Explain that glass is produced 
from sand, limestone and sodium 
carbonate, and requires large 
quantities of energy for its 
manufacture.

3 Scrap glass is added to new raw materials to make 
the process more economical.

4.6.3 Describe the characteristics of glass. 2 Consider brittleness, transparency, hardness, 
unreactivity and aesthetic properties.

4.6.4 Explain that the desired 
characteristics of glass can be 
accurately determined by altering its 
composition.

3 Consider soda glass and Pyrexfi.

4.6.5 Outline the differences between 
toughened and laminated glass.

2 Consider their responses to being flexed and to 
impact.

4.6.6 Explain why glass is increasingly used 
as a structural material.

3 Consider the use of plate glass and glass bricks 
as wall and flooring materials. Consider material 
properties, for example, resistance to tensile and 
compressive forces, thermal conductivity and 
transparency. Consider aesthetic properties and 
psychological benefits: allows natural light into 
buildings and can visually link spaces, creating 
more interesting interiors.

4.7		 Composites
2 hours

Assessment statement Obj Teacher’s notes

4.7.1 Describe composites. 2 Composites are a combination of two or more 
materials that are bonded together to improve 
their mechanical, physical, chemical or electrical 
properties.

4.7.2 Define fibre. 1

4.7.3 Describe the matrix composition of 
composites.

2

4.7.4 Explain that new materials can be 
designed by enhancing the properties 
of traditional materials to develop 
new properties in the composite 
material.

3

4.7.5 Describe a smart material. 2 Smart materials have one or more properties that 
can be dramatically altered, for example, viscosity, 
volume, conductivity. The property that can be 
altered influences the application of the smart 
material.
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4.7.6 Identify a range of smart materials. 2 Smart materials include piezoelectric materials, 
magneto-rheostatic materials, electro-rheostatic 
materials, and shape memory alloys. Some everyday 
items are already incorporating smart materials 
(coffee pots, cars, the International Space Station, 
eye-glasses), and the number of applications for 
them is growing steadily.

4.7.7 Describe a piezoelectric material. 2 When a piezoelectric material is deformed, it gives 
off a small electrical discharge. When an electric 
current is passed through it, it increases in size (up 
to a 4% change in volume). They are widely used as 
sensors in different environments. Specific details of 
crystalline structure are not required.

4.7.8 Outline one application of 
piezoelectric materials.

2 Piezoelectric materials can be used to measure the 
force of an impact, for example, in the airbag sensor 
on a car. The material senses the force of an impact 
on the car and sends an electric charge to activate 
the airbag.

4.7.9 Describe electro-rheostatic and 
magneto-rheostatic materials.

2 Electro-rheostatic (ER) and magneto-rheostatic 
(MR) materials are fluids that can undergo dramatic 
changes in their viscosity. They can change from a 
thick fluid to a solid in a fraction of a second when 
exposed to a magnetic (for MR materials) or electric 
(for ER materials) field, and the effect is reversed 
when the field is removed.

4.7.10 Outline one application of electro-
rheostatic materials and one 
application of magneto-rheostatic 
materials.

2 MR fluids are being developed for use in car shock 
absorbers, damping washing machine vibration, 
prosthetic limbs, exercise equipment, and surface 
polishing of machine parts.

ER fluids have mainly been developed for use in 
clutches and valves, as well as engine mounts 
designed to reduce noise and vibration in vehicles.

4.7.11 Describe shape memory alloys (SMAs). 2 SMAs are metals that exhibit pseudo-elasticity and 
shape memory effect due to rearrangement of the 
molecules in the material. Pseudo-elasticity occurs 
without a change in temperature. The load on the  
SMA causes molecular rearrangement, which reverses 
when the load is decreased and the material springs 
back to its original shape. The shape memory effect 
allows severe deformation of a material, which can 
then be returned to its original shape by heating it.

4.7.12 Identify applications of SMAs. 2 Applications for pseudo-elasticity include eye-glasses 
frames, medical tools and antennas for mobile 
phones. One application of shape memory effect is 
for robotic limbs (hands, arms and legs). It is difficult 
to replicate even simple movements of the human 
body, for example, the gripping force required to 
handle different objects (eggs, pens, tools). SMAs 
are strong and compact and can be used to create 
smooth lifelike movements. Computer control 
of timing and size of an electric current running 
through the SMA can control the movement of an 
artificial joint. Other design challenges for artificial 
joints include development of computer software to 
control artificial muscle systems, being able to create 
large enough movements and replicating the speed 
and accuracy of human reflexes.
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Topic 5: Product development (11 hours)

5.1		  Manufacturing techniques
1.5 hours

Assessment statement Obj Teacher’s notes

5.1.1 Define manufacturing technique. 1

5.1.2 Outline the techniques of moulding, 
casting, weaving, fusing, stitching, 
cutting, machining, abrading, using 
adhesives and using fasteners.

2 The principles of each technique are required.

5.1.3 Describe how the techniques in 5.1.2 
relate to different materials.

2 For example, casting relates to metals, plastics, 
food, ceramics and some composites, but not to 
timber or textiles.

5.1.4 Discuss advantages and 
disadvantages of using the 
techniques to manufacture products.

3 Refer to the viewpoints of the manufacturer and 
the user.

5.2		 Craft production
1.5 hours

Assessment statement Obj Teacher’s notes

5.2.1 Define craft production and one-off 
production.

1

5.2.2 Describe why most products were 
manufactured by craft techniques 
prior to the Industrial Revolution.

2 Refer to the development of skills; sources of 
materials and energy; sales and distribution; 
relationship of craftsman or designer with client or 
consumer.

5.2.3 Explain the advantages and 
disadvantages of craft production.

3 Consider economies of scale, value of the product, 
labour, market forces and flexibility of manufacture.

5.2.4 Discuss the importance of craft 
production for developed and 
developing countries.

3 Economic development, infrastructure and market 
needs should be considered, but also the rise of 
the �master craftsman� in industrialized countries.

5.3		 Mechanization
2 hours

Assessment statement Obj Teacher’s notes

5.3.1 Define mechanization. 1

5.3.2 Describe how the availability of new 
sources of power in the Industrial 
Revolution led to the introduction of 
mechanization.

2 Refer to water and steam power.

5.3.3 Define assembly-line production. 1

5.3.4 Explain the relevance of assembly-line 
production to mechanization.

3 Refer to economics, design of products, effect on 
the workforce and consumer choice.

5.3.5 Outline two advantages and two 
disadvantages of mechanizing a 
production process.

2 Consider cost, quality of product, social conditions 
and labour.
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Assessment statement Obj Teacher’s notes

5.3.6 Define batch production and mass 
production.

1

5.3.7 Compare batch production and 
mass production in a mechanized 
production system.

3 Consider market needs, consumer choice, product 
differentiation and economies of scale.

5.4		 Automation
2 hours

Assessment statement Obj Teacher’s notes

5.4.1 Define automation. 1

5.4.2 Describe how the development 
of computer and information 
technology in the �technological 
revolution� led to the introduction of 
automation.

2 Refer also to the importance of electricity.

5.4.3 Define computer-aided manufacture 
(CAM) and computer numerical control 
(CNC).

1

5.4.4 Explain how CAD, CAM and CNC 
contribute to an automated 
production system.

3 Consider the wide variety of systems available.

5.4.5 Define just-in-time (JIT) and just-in-
case (JIC).

1

5.4.6 Explain the advantages of JIT and JIC 
to manufacturing.

3 Refer to reliability, efficiency, distribution, 
workforce, storage, capital investment, stock 
control and traditions.

5.4.7 Define mass customization. 1

5.4.8 Outline how mass customization is 
changing the relationship between 
the manufacturer and the consumer.

2 The relationship is akin to craft production, where 
the individual requirements of the consumer 
dominate.

5.4.9 Discuss the impact of automation on 
working conditions.

3 Consider nature and type of employment, health 
and safety issues, social interaction and job 
satisfaction.

5.4.10 Outline how automation has 
improved the type and range of 
products available to consumers.

2 Many products require such precision in their 
manufacture that, without automation, it would not 
be possible to produce them at an affordable price.

5.5		 Economic considerations
2 hours

Assessment statement Obj Teacher’s notes

5.5.1 List the costs that contribute to the 
final cost of a product.

1 Take into account scale of production, complexity 
of product, resources, skills, quality control, size and 
weight of product for storage and distribution, type 
of advertising and marketing, profits and taxes. 
Include costs relating to availability and procurement 
of materials, R&D, labour, manufacturing costs, capital 
costs, overheads, distribution and sales.


