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Introduction to the School-Based Teacher 
Development II (SBTD II) programme for teachers of 
Grades 7–12 
The School-Based Teacher Development II (SBTD II) programme is key to UNRWA’s 
Education Reform Strategy. The programme seeks to improve teaching and learning 
practices in UNRWA classrooms through developing interactive pedagogies (ways of 
teaching) that will engage students of Grades 7–12 more effectively in their learning. 
Together, the SBTD II programme for teachers of higher grades and SBTD for teachers 
of Grades 1–6, are paving the way for comprehensive in-service training for all UNRWA 
teachers. There are six Open and Distance Learning Modules in the SBTD II programme. 
Each Module focuses on a different aspect of teaching and learning with a specific 
focus on the teaching of Maths, English, Science and Arabic for Grades 7–12. Together, 
the Modules, Units, Activities and Case Studies in the SBTD II programme provide an 
overview of many different approaches and ways of developing quality teaching and 
learning in all classrooms in UNRWA schools. 

The SBTD II Modules are interactive and ask you, the teacher, to reflect on your 
practices, to try new approaches and to consider the impact of these approaches and 
practices on your students’ learning and motivation. 



iii

Introduction to Module 4: Issues specific to teaching 
and learning in Science
If you are following this programme alongside colleagues from other subjects, you will 
notice that this Module is different from the others in that it addresses themes that 
are of particular importance to the teaching and learning of Science. While there is 
subject-specific material in all of the other five Modules, the Unit titles and much of the 
text are the same in all subjects and in SBTD I. The first three Units in this Module deal 
with how key aspects of Science can be dealt with in the classroom. The final section 
deals with cross-curricular skills, including literacy and numeracy, which are, of course, 
central to all Units in the languages and Maths programmes respectively, but which 
merit a Unit to themselves in Science. 

Unit 13: Teaching about the nature of science within the UNRWA 
Curriculum Framework
The first Unit in Module 4 begins by considering how the nature of Science and how 
Scientists work impacts on the teaching of the subject. It then discusses how a science 
curriculum that reflects the nature of Science relates to aspects of the UNRWRA 
Curriculum Framework. An initial Activity asks you to reflect on your understanding 
of the nature of Science. Later Activities and the Case Studies are concerned with 
planning learning experiences that help students to understand how Science relates 
to their everyday lives. In planning these learning experiences, you will be asked to 
show an understanding of how the subject links to aspects of the UNRWRA Curriculum 
Framework. 

Units 14/15: Practical work in Science
This double Unit explores the role of practical work in the Science classroom. It asks 
you to consider the role of practical work in the curriculum and the range of learning 
outcomes that can be achieved through its use. The Case Studies give examples of how 
different types of practical work can be managed effectively and the Activities require 
you to plan practical work of different types with a range of purposes.

Unit 16: Cross-curricular skills in Science
This Unit considers the role of Science in supporting the development of cross 
curricular skills. It explains briefly how literacy, numeracy and ICT skills can be 
supported within the Science classroom. The Case Studies and Activities focus on 
strategies you can use to develop language skills in your lessons. 



iv



1Module 4: Unit 13

Module 4 Unit 13: Teaching about the nature of 
science within the UNRWA Curriculum Framework
Introduction
If you examine the Science curricula from the five host countries and authorities, you 
will notice many similarities, but also some significant differences. Yet we would all 
agree that the subject being taught in each field is indeed ‘Science’. Science is generally 
viewed as knowledge about the natural world, yet the boundaries between Science 
and other subjects are not always clear. All of us would agree that topics such as 
electricity, cell structure and rates of reaction fall within the area of Science, yet we 
may well disagree about whether or not some of the topics more usually taught in, for 
example, Geography or Design and Technology fall under the umbrella term ‘Science’. 
How we define Science is a human construction that differs over time and between 
cultures. For example, an examination of the work of scholars such as al-Farabi and Ibn 
Khaldun shows that traditional classifications of Science included areas such as logic, 
jurisprudence and metaphysics, which are no longer recognised by the international 
scientific community. 

Ibn Khaldun’s traditional classification of Science included logic, jurisprudence and metaphysics.

However we set the boundaries on what we consider to be scientific knowledge, a 
school Science curriculum cannot possibly cover it all, even in a superficial way. So, if 
we are uncertain what makes up the body of knowledge that is included in Science 
and cannot realistically aim to cover the range of topics it might include, how do we 
define the subject?

One view is that the subject is defined by a particular approach or set of processes 
by which scientists seek to understand and explain natural phenomena. Science 
is traditionally seen as an objective activity in which an increase of knowledge is 
achieved by the so-called scientific method, in which hypotheses are made and tested 
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by observation and experimentation. Here, a hypothesis is tested by identifying 
discrete dependent and independent variables and controlling any other variables 
that might affect the result of the experiment. 

While this approach is certainly an important aspect of scientific research, there 
are many investigations where it is impossible to control all variables, for example 
in ecology or medical research. Much of the evidence that scientists have used to 
formulate and support their ideas comes from observations and data obtained in other 
ways. For example, evidence for the link between smoking and lung cancer in humans 
comes from survey data rather than a controlled experiment. Evidence for the periodic 
table was similarly built up over many years through a wide range of observations 
and measurements, rather than a series of experiments designed to test specific 
hypotheses linking an independent and dependent variable. 

Paul Feyeraband, in his influential book Against Method (1975), went so far as to argue 
that there is no such thing as a scientific method and that personalities and social 
factors affect changes in scientific thinking just as much as the objective desire for the 
development of scientific knowledge. While this view has been heavily criticised, most 
people would agree that science knowledge develops in various ways and that it is 
influenced by cultural factors. 

In this Unit, you will reflect on your own view of Science and look at classroom 
activities that aim to give your students an insight into how scientists work. You will 
also look at how these activities fit into the UNRWA Curriculum Framework.

Teacher Development Outcomes
By the end of this Unit, you will have developed your:

•  awareness of how an approach to the Science curriculum that reflects the nature of 
scientific study relates to the UNRWA Curriculum Framework;

•  understanding of how your planning and teaching of Science can help to develop 
students’ scientific skills, attitudes and understanding of how scientists work;

•  understanding of how your planning and teaching of Science can promote the 
aims of the UNRWA Curriculum Framework.

In the first Activity, you are asked to examine your own views of science. 

Activity 29

Look at the statements in the table below. Use the five-point scale to decide how 
far you agree with each statement. Then write a short paragraph summarising 
your views about science.

Statements
1 2 3 4 5

strongly 
Disagree

Disagree Not sure Agree
strongly 

Agree

1- Theories help scientists interpret their 
observations; the facts do not speak for 
themselves.
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Statements
1 2 3 4 5

strongly 
Disagree

Disagree Not sure Agree
strongly 

Agree

2- In general, scientists plan investigations 
by working along lines suggested by 
theories.

3- A scientist should not allow 
preconceived theoretical ideas 
to influence observation and 
experimentation.

4- Unless an idea is testable, it is of little 
or no use. So scientists try to convert 
possible explanations into testable 
hypotheses.

5- Careful, repeatable, observations and 
experiments are the basis of science that 
is objective and value-free.

6- Much of what scientists do will never be 
of practical value.

7- Science is independent from values and 
morality, so it can do much harm. 

8- Science and religion are fundamentally 
opposed to each other.

9- Science is a powerful way of knowing 
and understanding the world, but some 
things cannot be studied scientifically.

10- Scientists and engineers should make 
decisions about questions such as the 
types of energy we use because they 
know the facts.

11- Scientific knowledge is of much greater 
value than other types of knowledge.

12- Our advanced way of life today is 
due to the successes of science and 
technology.

13- Scientific enterprise is situated in 
historical, political and cultural settings. 
Results and interpretations may vary 
and are not value-free. 

14- Funding decisions affect the priorities 
and direction of scientific research. 

15- The early Egyptian, Greek, Chinese, 
Hindu and Arabic cultures were 
responsible for many key scientific 
ideas and technological developments.

16- Science is subject to many influences, 
good and bad, like any other human 
endeavour.

17- Science should never be dogmatic. It 
is always subject to adjustment in the 
light of new observations.

18-Science builds on what has gone before, 
refining its ideas as it goes, rather than 
establishing final, infallible proofs.
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What do you think about Science?

.......................................................................................................................................................................................................................................................................

.......................................................................................................................................................................................................................................................................

If possible, meet with another Science teacher who is also doing this 
programme. Compare their responses to the statements and their paragraph 
with your own. How far do you agree with them? Discuss further those 
statements where your views differ and any key differences in the views you 
expressed in your final paragraph.

Comment
Some of your ideas about science may well differ from those of your colleagues. The 
statements in the table reflect a number of ways of looking at the subject. There are 
different views of the scientific method, with some putting more emphasis on the 
importance of the development of rational theories as the driving force behind new 
discoveries, while others stress the importance of data gathering, observation and 
careful experimentation. There are also differences in the degree to which people view 
science as objective and value-free. Some feel that science is the perfect discipline 
because it is objective, while others consider it to be simply one way of looking at 
the world and that the views of scientists must be balanced by those from a different 
perspective. 

Even if we consider science to be value-free, we must acknowledge that our 
understanding of the natural world has changed over time and that our current ideas 
may also rapidly become out of date. Not so long ago, chemists taught that the atom 
was indivisible, yet since Thomson discovered the electron in 1897, we have constantly 
revised our understanding of the atom. We see the impact of these discoveries around 
us, from the benefits that nuclear energy can bring to the potential for destruction of 
nuclear weapons, yet it seems inevitable that our current knowledge of the atom will 
be obsolete in a relatively short time. 

More disturbing, perhaps, is the idea that scientific research is influenced by vested 
interests. Funding from commercial interests such as the pharmaceutical and tobacco 
industries certainly influences what research is carried out, but some would suggest 
that commercial interests also control which results are published and which are 
suppressed. The effects of other social and cultural factors on scientific research may 
be more subtle.
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Funding from commercial interests such as the pharmaceutical industry influences scientific research.

As a Science teacher, you do not need to be an expert on the philosophy of science 
or the ways in which social and cultural factors affect scientific research, but it is 
important to understand that there is a debate about the nature of science. You should 
have a good understanding of the classical scientific method, but also be aware 
that this is not the only way that science progresses. Science is about how ideas and 
evidence are brought together to increase our knowledge of the natural world. It is an 
important part of our culture that impacts on the way we think. Scientific knowledge 
has not only brought about changes in everyday life through the development of 
technology, but also affects many political and ethical decisions. 

The challenge for you, as a Science teacher, is to deliver a curriculum that does more 
than give students a basic understanding of key current scientific topics. You should 
also aim to increase their understanding of how scientists work and the limitations 
of the scientific method. In addition, you need to develop their investigative skills, 
scientific attitudes and ability to discuss and communicate scientific ideas. These 
aspects of the Science curriculum are sometimes labelled as the ‘How Science works’ 
agenda. 

The curricula of the various fields where UNRWA schools operate inevitably address 
these issues in different ways and to differing extents. As a teacher in an UNRWA 
school, you must follow the host curriculum but the UNRWA Curriculum Framework 
also encourages you to enhance it. Your teaching should reflect the values and 
principles underpinning the UNRWA Education Programme and facilitate the 
development of student competencies that are considered ‘crucial to creating 
autonomous, independent, but individually and socially aware citizens’. This is 
only possible if you do more than simply transmit a mass of scientific knowledge. 
You need to discuss with your students how scientists work, the ways in which our 
understanding of science has developed over time and the interaction between 
science and society, as well as facilitating the development of scientific skills and 
attitudes. 
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Science and the UNRWA student competencies
The Curriculum Framework states that competencies are learned in the context of 
the subjects of the curriculum, and that skills and attitudes will be developed by the 
students through the way in which the subject knowledge of the host curricula is 
approached. Your role is to use curriculum materials in ways that provide opportunities 
for students to develop the desired competencies. This will involve active learning 
and the use of a range of teaching and learning strategies. The Framework also points 
out that while competencies such as communication will be developed across the 
curriculum, some subjects will lend themselves more to one competency than another 
(UNRWA Curriculum Framework, 2013).

Now read Case Study 26, which describes how one teacher enhanced the local 
curriculum to include aspects of ‘How Science Works’, while developing some of the 
student competencies highlighted in the Curriculum Framework. As you read it, 
consider:

•  how the learning outcomes relate to the ‘How Science works’ agenda; (related to 
the development of certain students’ competencies)

•  how effective you think the lesson would be in achieving these outcomes;
•  whether it contributes to the student competencies identified by the teacher. 

(communication, critical and creative thinking,citizenship).

Case Study 26
Ula was teaching Science in Hussein Preparatory Girls’ School in Jordan. She identified 
the following learning outcomes for a series of three lessons on plastics for a Grade 8 
class:

Students should be able to: 
•  distinguish questions that can be answered objectively by scientific investigations 

from those that involve decisions affected by cultural values and political issues;
•  write an outline plan for an experiment to answer a question that can be answered 

through scientific investigation. 

Ula also aimed to develop the following aspects of the student competencies during 
the three lessons:

Communication and literacy
Students should speak clearly and confidently, and listen 
carefully and respectfully to others. They should use a range of 
media to communicate their ideas.

Critical and creative thinking
Students should plan and carry out investigations, and be able to 
sort and analyse information and come to conclusions.

Citizenship
As good citizens, students should understand about caring for 
the environment. 
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Ula introduced the first lesson by showing an old photograph of objects from a 
traditional kitchen (before the invention of plastics) and another showing some of the 
plastic items used in a modern home:

Plastics have replaced many objects that were once used in our homes.

She then asked the class for examples of plastics they used in everyday life. As she 
listed their answers on the board, she used probing questions to elicit further uses, 
such as the use of synthetic fibres to make clothes. 

Ula then asked the class to talk briefly in pairs to decide whether they thought the 
invention of plastics was a good thing. After a few minutes, she asked for some of their 
responses. While several students talked about how useful and convenient plastics 
are, a number mentioned the problems associated with disposal. Ula then made a 
provocative statement. She said:‘Maybe scientists should not have revealed 
their discovery until they had solved the problem of disposal.’ 

The students realised that she was not wholly serious, but this led to discussion about 
the role of scientists and whether they could be expected to make such decisions.

Ula then wrote the first learning outcome on the board. She divided the class into 
groups of four or five students, giving each group a set of the cards shown below:

1. Plastic furniture lasts 
much longer and is more 
hardwearing than furniture 
made from a natural 
material such as wood.

2. Nylon ropes rot more 
slowly in seawater than 
ropes made from hemp (a 
natural fibre).

3. Nylon fibres are cheaper to 
produce than natural silk 
fibres.

4. More tax should be 
collected to pay for more 
recycling facilities to help 
reduce waste

5. If we burned plastics to 
provide energy when we 
have finished with them, 
we would produce less 
pollution because there 
would be less rubbish.

6. Kevlar (a plastic) is a better 
protective material than 
metal armour as it is 
stronger.

7. Natural materials like 
wood are sustainable. We 
would do less harm to the 
environment if we stopped 
using plastics and used 
natural materials instead.

8. Polyester sweaters are 
easier to keep clean than 
woollen sweaters

9. Some new plastics are 
biodegradable. We should 
replace all plastics with the 
new biodegradable ones.
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She asked them to discuss the cards and to put each into one of the following 
categories:

1.  This can be tested by a single scientific investigation.
2.  This can be tested by a series of scientific investigations.
3.  This cannot be tested by a scientific investigation. Social and political issues need 

to be taken into account.

As the students discussed the cards, Ula went around the room listening and checking 
that they understood the task and the meaning of the statements. After about ten 
minutes, she asked each group to explain the decision they had made about one of 
the cards. 

While there was some disagreement, most groups had placed cards 2, 6 and 8 in the 
first category. They had some difficulty explaining clearly why this was, but Ula was 
able to use their answers to help them understand that these questions identified two 
materials that were to be tested and a single property that could be measured and 
compared. 

Some groups also felt that cards 1 and 3 could be tested by a single experiment, but 
others pointed out that card 1 was quite vague. It wasn’t specific about the materials 
that would be compared, the type of furniture or the treatment it would receive. 
Similarly, with card 3, while some costs such as the cost of fuel might be found 
scientifically, transport and labour costs would affect the answer. One student, Saida, 
said that it sounded more like Geography than Science! 

Most groups had placed cards 5 and 7 in the second category. The group that talked 
about card 5 said that the question was complex and required data and observations 
taken from different places over a long period of time. Ula was very pleased with their 
answer and emphasised the point that complex scientific questions often needed a 
range of approaches and could not be answered by a single, simple experiment. 

Most groups realised that although scientific knowledge could contribute to a 
discussion on the statements on cards 4 and 9, the statements were, to a large extent, 
a matter of opinion. 

Ula then showed them a model plan for an investigation into whether nylon or rubber 
stretched the most before breaking. She showed this series of PowerPoint slides:

•  Slide 1 – Title of investigation and hypothesis
•  Slide 2 – Independent and dependent variables
•  Slide 3 – List of apparatus and materials
•  Slides 4 & 5 – Outline of procedure including how other variables 
will be controlled

Ula asked each group to choose one statement from cards 2, 6 or 8. She said they 
would be working in the computer room for the next two lessons to produce a 
PowerPoint presentation, following her model, of a plan to investigate the question 
that arises from the card they had chosen. 

Ula realised that there would not be time for all seven groups to present their 
presentations to the whole class. She planned to select one group to present to the 
whole class, allowing a short time for questions. She would then pair the remaining six 
groups so they could present to each other. 
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Comment
At the end of the three lessons, Ula evaluated what the students had done. She realised 
that she had spent three lessons on quite a small section of the scientific knowledge 
in the syllabus. However, she felt it was worthwhile in terms of increasing the students’ 
understanding of how scientists work and providing them with opportunities to 
develop the student competencies. Do you agree? Write your response on your 
programme notebook.

It is important to provide scaffolds and structures to guide students in investigation tasks.

Activity 30

Think about the classes that you teach and the topics you will be teaching 
over the next month. Identify an opportunity for developing your students’ 
understanding of ‘How Science works’ or their investigative skills in a lesson or 
series of lessons. This should not simply involve them following your instructions 
to carry out a practical procedure, such as measuring resistance or observing 
cells under a microscope. In fact you might try to include this work in a topic that 
offers few opportunities for hands-on practical work, such as genetics or space. 
You may, for example, want them to analyse experimental or survey data, to plan 
a controlled experiment or to evaluate an investigation. 

Whatever topic you choose, the learning outcomes should include some that 
relate to the ‘How Science Works’ agenda (as defined earlier in this Unit). You 
should also take into account the student competencies from the UNRWA 
Curriculum Framework in your planning.

When you have taught the lesson(s), evaluate your students’ progress in relation 
to the learning outcomes and the student competencies. Do you feel you have 
‘enhanced the host curriculum’ in the way indicated in the UNRWA Curriculum 
Framework?
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Science and the UNRWA cross-curricular themes
In addition to the student competencies, the UNRWA Curriculum Framework identifies 
five cross-curricular themes: 

•  Environmental Education
•  Human Rights Education
•  Health and Life Skills
•  Palestinian Culture and Heritage
•  Information and Communication Technology

It states that these contemporary concerns should be reflected in all subjects of the 
curriculum. These themes not only include important knowledge, skills, values and 
attitudes in their own right, but also provide connections between subjects and 
suggest ways in which subjects can be made relevant to students’ lives. While these 
themes occur naturally across different subjects of the curriculum, there may be times 
when specific content needs to be added to what already exists.

The following Case Study describes how one teacher added content from one of these 
themes to enhance a topic on the host country’s syllabus. As you read it, think about 
how this lesson links to the cross-curricular themes and student competencies to 
enhance the host syllabus. What do you think would be the main concerns that the 
teacher might have in teaching this lesson? 

Case Study 27
Sanaa was teaching in Sakhra School, a co-educational school in Lebanon. She was 
coming towards the end of a topic on inheritance and genetics with her Grade 9 class. 
She had taught about Mendel’s experiments and the inheritance of the A-B-O system 
of blood types. She had also asked students to answer a question from the textbook on 
the inheritance of albinism. Her students showed a lot of interest in the inheritance of 
genetic disorders and asked a number of questions about them. Sanaa tried to answer 
some of these questions in class, but she decided to spend one lesson going into more 
detail about some of the issues concerning inherited diseases.

Sanaa wanted to do more than simply explain the genetic principles and decided to 
do a role play. She found information about thalassemia (an inherited blood disorder) 
on the internet and discussed the disorder with a doctor that she knew. Once she had 
a rough idea of what she wanted to do, she discussed it with her School Principal, who 
was happy for her to go ahead and was so interested she said she would like to attend 
part of the lesson. 

Sanaa began the next lesson by reminding the whole class that thalassemia was a 
serious inherited blood disorder and outlined the symptoms and the difficulty of 
treatment. She also told them about the policy of premarital screening that was in 
place in Lebanon and the Palestinian Authority and that a World Health Organisation 
report stated that this had reduced the number of cases by 75% in ten years. 

She divided the class into groups of four. Within each group, she gave two of them 
roles as genetic counsellors. The other two were to be a young couple who planned 
to get married, but had been screened and told that they were both carriers of 
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thalassemia and should go to a meeting to discuss the issues with the counsellors. 
She allocated the roles of health professionals to students who had completed the 
question on albinism correctly. 

She then gave ‘the young couple pairs’ a worksheet to complete in advance of the 
meeting (see below) and gave the ‘counsellors’ an information sheet giving more 
details about the disease and a diagram showing how thalassemia is inherited. 

Action Benefits Risks/harmful 
effects 

Questions you 
need to ask

Decide not to marry

Marry, but avoid having 
children

Have a child without testing

Have the foetus tested

Thinking about your meeting with the genetics counsellor

As parents, you are aware of some of the options you have. You know the 
options open to you and are aware of how the condition has affected a friend’s 
son, but are not clear about the scientific basis of inheritance of thalassemia 
or the risks or details of testing procedures. You are going to the genetic 
counsellor to find out more, but have been discussing the possibilities. Record 
your thoughts in the table.

The worksheet on thalassemia given to the students adopting the role of the young couple (more 
space was given for writing in the actual worksheet).

She gave the two groups ten minutes to prepare for the role play. The ‘young couple’ 
completed the worksheet while the ‘counsellors’ studied the information so they would 
be ready to answer questions. While they were doing this, Sanaa sent a message to the 
Principal who wanted to see the actual role plays take place.

Before they started, Sanaa emphasised that students should stay in role and should 
take the role play as seriously as possible. She asked each group to arrange four chairs 
around a table with the ‘young couple’ and ‘counsellors’ facing each other. She told 
the ‘counsellors’ they should start the meeting by greeting the ‘couple’ and that the 
group had ten minutes to discuss the issues, so that the ‘couple’ would have enough 
information to make an informed decision. 

At first there was some giggling and hesitancy, but soon all the meetings were 
progressing. Both Sanaa and the Principal circulated, listening to the conversations 
that were going on. After six or seven minutes, it was clear that they would need a 
little extra time to complete the role play, so Sanaa extended the time available to 15 
minutes. Just before the final time limit, Sanaa pretended to be a secretary at the clinic 
and announced that the meetings must come to an end within two minutes as there 
were other couples waiting.
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After the role play, Sanaa asked the ‘couples’ to be ready to tell the class what decisions 
they had made at the start of the next lesson. Sanaa then thanked the students for the 
sensible way that they had approached the task and the Principal commented that she 
wondered whether it might be possible for one of the groups to repeat the role play 
for other classes. 

Role-play is an effective way of activating participation in Science.

Comment
Sanaa was quite nervous in tackling this issue, but felt that it was an important one 
for the community and of real relevance to the lives of the students. She was pleased 
with the mature approach of her students and felt that it had shown how scientific 
understanding could affect personal decision-making. 

In what ways do you think this lesson linked to the cross-curricular themes and student 
competencies in the UNRWA curriculum? How would you feel about teaching a lesson 
like this in your school? How do you think the Principal would react? Would you need 
to consult the parents beforehand?

Now try the Activity below, which asks you to show how your planning takes account 
of the cross-curricular themes and student competencies highlighted in the UNRWA 
Curriculum Framework.

Activity 31

Choose one of the Science classes you are currently teaching. Think about the 
next topic you will teach them, a topic that will take several weeks to cover.

Make a table like the one below to record how your teaching of this topic relates 
to the UNRWA cross-curricular themes and facilitates the student competencies. 
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(The table is an example only – it shows how Sanaa, the teacher in Case Study 27, 
might have completed it after teaching the lesson described in the Case Study).

Date Lesson topic Student competencies
Cross-

curricular 
themes

16th March Inheritance of 
thalassemia 
– genetic 
counselling 

Critical thinking – students 
in roles use scientific 
information to assist in 
decision making. 
Communication and 
literacy – speak clearly 
and confidently, and listen 
carefully and respectfully to 
others.
Co-operation – pairs 
work co-operatively and 
negotiate decisions, taking 
each other’s views into 
account.
Citizenship – value and 
respect their own and other 
cultures and beliefs.

Health/ 
life skills – 
information 
on inheritance 
of thalassemia; 
decision-
making skills.
Human rights 
education: 
role play 
encouraged 
awareness of 
diversity of 
viewpoints 
and tolerance 
of different 
views.

A table to monitor cross-curricular themes and student competencies.

You may wish to be more concise than in the example above, and you may find 
that there is little or nothing to write about some lessons, but do try to think about 
this after every lesson in this topic. At the end of the topic, reflect on what you have 
written. Did making these notes help to put these issues into the forefront of your 
mind during your planning? If you find that your teaching did not address the cross-
curricular themes or provide sufficient opportunities for the development of student 
competencies, reflect on any missed opportunities and think about how your future 
planning could do more to address these issues. Perhaps you could compare your 
notes with those of a colleague teaching a different topic and share ideas with them 
about how your teaching of Science can take more account of the UNRWA Curriculum 
Framework. 

Summary
In this Unit you have explored how a study of science should involve more than the 
presentation of a set of facts. You have considered the need for students to understand 
some of the ways that scientists work, that scientific knowledge is not fixed and has 
evolved through time, and that while scientific research is relevant to many issues 
of importance to us all, cultural, ethical and political factors must be taken into 
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account when decisions are made. Alongside this understanding, students should be 
encouraged to develop scientific skills and attitudes.

You have also explored ways to fulfil the aims of the UNRWA Curriculum Framework 
– in particular, ways that you, as a teacher of Science, can develop the five student 
competencies and contribute to the teaching of the cross-curricular themes. 

The next double Unit focuses on an important aspect of Science teaching that directly 
supports the development of scientific skills and attitudes, while assisting students 
to develop their understanding of scientific knowledge and the way scientists work : 
experimental practical work.  
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Module 4 Units 14/15: Practical work in Science
Introduction
Subjects such as Art and Home Economics are based largely on practical work and 
practical activities such as role play, model making and poster preparation are used by 
teachers of most subjects. However, ‘practical work is one of the distinctive features of 
science teaching and one of the great experiences of student learning’ (Welington & 
Ireson, 2012) and syllabuses worldwide stress the importance of practical work in the 
Science curriculum. 

Educational research worldwide shows that practical work is seen as vital by Science 
teachers, school leaders, parents and students themselves. Moreover, employers 
and university Science departments value practical skills in potential employees and 
students.

In this Unit, you will explore practical work in Science, including the wide range 
of activities that involve students in finding out, learning and verifying through 
observation and experiment, and using some of the skills that scientists use in the real 
world. 

It is important that practical work in the Science classroom engages minds as well as 
hands. At its best, practical work can engage students in higher-level thinking as they 
solve problems, interpret observations and attempt to explain unexpected results. 

However, it is important to remember that the effectiveness of practical work, like 
other classroom strategies, is limited if the teacher and students are unclear about the 
purpose of the activity in which they are engaged.

So, in this double Unit, you will examine the various purposes of practical work, as 
well as how to manage it effectively to help your students achieve a range of learning 
outcomes.

Teacher Development Outcomes
By the end of this double Unit, you will have developed your:

•  awareness of the varied purposes of practical work;
•  understanding of how your planning and teaching of practical work can fulfil 

a wide range of aims, helping your students develop skills, attitudes and 
understanding;

•  understanding of how to manage different types of practical work effectively. 

Purposes of practical work
Different types of practical work and particular experiments will meet different 
objectives. The general benefits of practical work include:

•  development of manipulative skills and techniques (for example how to use a 
microscope);

•  development of careful observation and measurement;
•  improving understanding of scientific phenomena and concepts (for example 

gaining first-hand experience of materials, organisms and processes may increase 
scientific understanding and assist knowledge retention);
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•  development of inquiry skills (such as control of variables, analysis and recording of 
data and looking for patterns);

•  development of higher-order thinking skills (for example predicting and explaining 
when presented with problems and phenomena);

•  increasing motivation and enjoyment;
•  development of transferable skills (for example communication skills such as using 

subject-specific vocabulary and social skills such as working cooperatively). 

Students can only learn to use certain apparatus properly through practical experience.

Activity 32

In this Activity you will consider a range of practical activities that you might 
carry out with your classes. 

Look at the table below. We want you to think about the main benefits that your 
students will gain from doing these activities in your lessons. 

While each practical may provide several benefits to some extent, you should 
tick the two that most closely match the main purpose of that particular 
practical. The table leaves a number of rows blank so that you can include 
practical activities that you have done recently or would like to do in the near 
future. There is also a blank column for you to use if you feel the practical has an 
important benefit that is not listed here. If this is the case, tick the final box in the 
row and make a note of the additional benefit that you have identified.
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Practical activity

Main benefits – tick two only

Testing for fats, proteins and 
carbohydrates in food
Finding the refractive index 
of glass
Planning and doing an 
investigation into factors 
affecting resistance
Using chromatography to 
separate colours in ink
Doing an acid/base titration
Designing a solar heater
Dissecting an eye
Preparation of oxygen
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Practical activities in Science have many benefits.

While it is useful to be aware of the general benefits that practical work can bring, your 
planning and teaching of practical lessons is made much more effective if you can 
identify specific learning outcomes for any practical activity. In some cases, learning 
outcomes will mainly be concerned with skill development, while on other occasions 
they may be linked to the understanding of a scientific concept. With careful planning, 
you should find that, over an extended period, the learning outcomes of practical work 
will reflect most of the benefits listed above.

For example, you may wish your students to observe onion cells under the microscope. 
While observing the cells will undoubtedly be a motivating activity that will verify what 
they see in the textbook, the main learning that takes place is the development of the 
manipulative skills involved in preparing a slide and using the microscope. In this case, 
you might identify the main learning outcome for the activity as:

•  Students will learn how to prepare a temporary slide and use the 
microscope to observe plant cells. 
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Using the microscope enhances the development of students’ manipulative skills.

Or, you may ask students to burn magnesium in air. Once again, this is a motivating 
experience and will require them to carry out a procedure safely according to your 
instructions, but the main learning is likely to be related to their understanding of 
chemical change and combustion. The practical activity will need to be accompanied 
by a discussion of the significance of what they see. While the specific learning 
outcomes will vary according to the age of the students and their previous knowledge 
of chemical change, a valid outcome for a Grade 7 student might be:

•  Students will learn that a chemical reaction is a permanent change 
in which new products are made that differ chemically from the 
reactants. 

In both cases, being clear about the learning outcomes will give both the students and 
yourself a clear sense of purpose. It will also enable you to assess their learning and the 
success of the activity. 

The next Case Study shows how one teacher tried to ensure that the practical work she 
planned not only covered the topic she was teaching, but also developed a variety of 
skills and fulfilled most of the purposes outlined above. 

Case Study 28
Amani was keen to include practical activity when teaching light to her Grade 8 
students in Al-Hashimi Prep Girls School in Jordan. However, although she intended to 
include short demonstrations and group activities in most of her lessons, she decided 
she only had time for four lessons based mainly on practical work. She wanted the 
practical work to fulfil a range of purposes and wanted her students to understand 
exactly why they were doing it. So, in her initial planning of the topic, she identified 
both the practical activities and the learning outcomes that could be achieved 
through the activities. The scheme of work required her to teach about the rectilinear 
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propagation of light, the reflection of light, an introduction to refraction and the 
properties of lenses, and the idea that white light was a mixture of light of various 
wavelengths.

Amani decided to begin the topic by providing a variety of short practical activities, 
introducing some key ideas, while providing opportunities for careful observation. She 
felt this would motivate the students and ensure that they had concrete experience 
of many of the phenomena they would meet in later lessons. She provided one set of 
apparatus for each activity and put a set of instructions telling students what to do and 
what to observe next to the apparatus. (This arrangement is sometimes called a ‘circus’ 
practical.)

She decided to include the following activities in the circus:
•  a demonstration of the rectilinear propagation of light;
•  looking at writing in a plane mirror to show the production of a virtual, laterally 

inverted image the same size as the object;
•  a set of curved mirrors to show the variety of images that can be produced;
•  a homemade periscope, with questions asking students to suggest what was inside;
•  a small bottle of water acting as a magnifying glass;
•  adding water to a cup containing a coin to show real and apparent depth;
•  a ray box and a prism, with a screen to show dispersion;
•  a colour-mixing disc.

Amani did not plan to go into detailed explanations of these experiments, but 
decided to refer back to the students’ observations and to demonstrate some of these 
experiments as she taught about the different ideas they illustrated.

The second practical Amani planned was a simple investigation into how the distance 
from the light source affected the size of a shadow. She planned to divide the class 
into groups and give each group a piece of white paper, a ruler, a ray box and a short 
stick. This class had some experience of planning a ‘fair test’ investigating the effect 
of one independent variable, so she decided to allow them the freedom to choose 
the independent variable they would investigate. Amani wanted them to decide the 
procedure within the group and to design their own table for the results.

Resources Amani prepared to be used by students to implement a practical activity.

The third practical was a group experiment to demonstrate the law that states that 
the angle of incidence is equal to the angle of reflection. Amani expected students to 
be aware of this law, so she felt there was little point in pretending they were doing 
the experiment to ‘discover’ the law, but rather she wanted them to practise accurate 
measurement and systematic working. 



20

For the final practical lesson, Amani planned to develop these skills further by asking 
students to use a ray box to look at the passage of a single ray of light through a glass 
block and then to look at parallel rays passing through a convex and a concave lens.

Amani summarised the purposes of these practical sessions and the learning outcomes 
she would share with the students in a table to further support her planning:

Practical Main purposes Learning outcomes Students will develop their:

Circus Motivation

Experience of 
phenomena

understanding of the rectilinear propagation 
of light, reflection, refraction and the make-up 
of white light.

Shadows 
investigation

Inquiry skills ability to plan and carry out an investigation 
into the effect of a single independent variable 
on the size of shadows.

Law of 
reflection

Accurate 
measurement

ability to make careful measurements to verify 
that the angle of incidence is equal to the 
angle of reflection.

Looking at 
refraction

Careful observation
Communication 
skills

ability to observe the effects of refraction;
ability to explain clearly and concisely the 
conclusions from a series of observations of 
refraction.

The purposes and outcomes of the practical activities on light.

Comment
By planning in this way, Amani was able to monitor her use of practical work and 
ensure that her students had the opportunity to benefit in different ways from 
their practical experience. The practical work illustrated some important optical 
phenomena, but the way it was organised also facilitated the development of a 
range of skills. Students would have the experience of working in groups in varied 
contexts, enabling them to share skills, assist each other in making observations and 
measurements and talk about their experiences both before and after teacher input 
on the subject. Amani found that listening to the talk that went on during the initial 
‘circus’ helped her to understand the students’ existing knowledge and modify her 
planning of later lessons. 

At the start of each of the four practical lessons, Amani shared the learning outcomes 
with the students. At the end of each lesson, she asked them to reflect on how well 
they had met them. This seemed to give her students a clear sense of purpose and an 
understanding of the progress they made. Amani also felt that some of her students 
seemed to have a better understanding of the role of practical work in their learning. 
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Activity 33

Think of the topics you are going to teach over the next semester. Identify a 
topic that provides a number of opportunities for practical work. Draw up a table 
similar to the one Amani drew, noting the main purposes of the practical work 
and the learning outcomes that you could share with the students. 

Does the table you have made suggest that your practical work will achieve a 
variety of purposes? If you always have the same approach to practical work, it is 
likely that this will not be the case. If, for example, you always give very detailed 
instructions, your students will not have the opportunity to develop their own 
planning or problem-solving skills. 

After teaching the topic, think again about the practical work your students have 
done. Could you have organised it differently so that your students had a wider 
variety of learning experiences? If so, how?

Ways of organising practical work
Once you are clear about the concepts or skills that you intend the students to learn 
and have chosen an activity to achieve this purpose, you need to decide how it should 
be organised. There are a number of ways this can be done:

•  Demonstration – the students observe the teacher doing the experiment. You 
should try to actively involve students through questioning, participating in doing 
the experiment or through activities done before or during the demonstration. 
On rare occasions, one or more students might carry out a demonstration for their 
peers.

•  Structured practical – students do an experiment in groups. In a structured 
practical activity, the problem to be solved and the procedure to be followed are 
usually given. The teacher is likely to have an expected result in mind, although 
they should be ready for variations in the results as a result of experimental or 
personal error. The teacher may give the students instructions to follow, advice 
on recording and analysis and questions to help them relate their observations 
to theory. This method of organisation may be suitable for practising skills and 
techniques, supporting specific inquiry skills and gaining experience that assists 
conceptual understanding.

•  Rotating (circus) practical – students in groups move from one experiment to the 
next. The experiments should be related and instructions should be brief. Suitable 
topics for a rotating practical might be measuring instruments or energy transfer. 
Some non-practical activities, such as data analysis, could also be included in the 
circus.
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A rotating practical gives student a few minutes to do a small experiment before moving to the next 
table.

•  Rotating demonstration – students come in small groups to a corner of the room 
where they observe or take part in a short demonstration of a piece of equipment 
or procedure, while the others in the room continue with a piece of work that 
requires minimal supervision by the teacher. Examination of a microscope slide or a 
demonstration of an oscilloscope might be suitable for this form of organisation. 

•  Investigation – students plan, carry out and analyse their own experiment, usually 
in groups. They may have freedom to choose what they investigate or the teacher 
may limit the materials available or specify a topic to investigate. The teacher has a 
role as a facilitator rather than teacher. They will usually give students guidance on 
‘the scientific method’ or carrying out a ‘fair test’.

•  Problem solving – this is similar to an investigation, but students have more 
freedom of approach. There may be less formal planning and students may take a 
‘trial and error’ approach. It may be a practical problem, such as dropping an egg 
from the top of a building without breaking it or the design of a solar heater, which 
can be solved in a number of ways. This can be motivating and a good vehicle for 
the promotion of communication skills. 

Demonstrations
With demonstrations, the fact that the teacher carries out the practical procedure 
themselves and that discussion is usually teacher-centred means that the students 
have limited opportunities for developing their practical, inquiry and communication 
skills. However, there are often very good reasons for carrying out demonstration 
practicals. These include:

•  to motivate students or introduce a topic by a short, lively or spectacular 
experiment;
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•  to relate an experiment to theory in a way that needs careful direction and/or 
questioning;

•  to demonstrate the use of a piece of apparatus before the students use it to carry 
out group work;

•  time is limited;
•  the number of students in the class is too large or the room is unsuitable for group 

practical work;
•  there is not enough apparatus or are not enough materials;
•  the experiment is too dangerous for students to carry out.

You may notice that these reasons can be divided in two groups. The first three 
reasons identify clear benefits of doing an experiment through demonstration, 
while the remainder describe situations where constraints mean that it is difficult or 
inappropriate for students to do the practical themselves.

Whatever your reasons for doing a demonstration, it is important to involve the 
students so they are fully engaged in the learning experience. This may be done 
through questioning, involving students in helping with the procedure itself or 
recording results, or by giving students tasks to do before or during the demonstration 
(for example predicting if statements are true or false before the demonstration and 
then using observations to confirm or change their decision). 

Now read how Hiba, the teacher in the next Case Study, encouraged her class 
to observe carefully and think about what was happening as she carried out a 
demonstration.

When demonstrating, it is important to involve the students so they are fully engaged in the learning 
experience.
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Case Study 29
Hiba was introducing the idea of air pressure to her Grade 7 class in Karameh co-
educational school in Lebanon. The textbook showed an experiment in which a plastic 
bottle collapses when the air is removed from it. She was searching the internet to find 
a good way of doing this experiment, when she found a video showing an alternative 
method using an empty soft drink can. A can containing a small volume of water was 
heated until it was full of steam and then rapidly transferred, open end first, into a 
bucket of cold water. Since the open end of the can was under water, no air could go 
back into it and the can collapsed when the steam condensed, producing a partial 
vacuum inside.

Hiba decided to try it herself. The first time she did it, the can only squashed slightly. 
She realised she had been slow in transferring the can into the water and when 
she repeated the experiment, she made certain she allowed lots of steam to form 
before moving the can rapidly into the water. There was a loud noise and the can was 
completely crushed. She felt that this would be a spectacular demonstration, but that 
explaining it in terms of air pressure would not be easy, so her planning focused on 
ways of developing this concept.

A simple experiment used to demonstrate air pressure.

Before the lesson, Hiba gathered the apparatus she needed on the front bench – three 
empty cans, a spirit burner, a retort stand and clamp, and a bucket of cold water. When 
she was ready to do the demonstration, she asked the students to come and stand 
around the front table. She made certain they could all see the demonstration, but 
were far enough away from the burner to be safe. Some students were seated while 
others stood behind. 

She asked one girl to add a little water into the can. The girl then put the can in the 
clamp and lit the burner. Hiba then asked questions to elicit the idea that the can 
contained water and air, while it was surrounded by a sea of air. 

She then asked two boys to come to the front and to face each other. She told the boys 
to put their hands against each other’s and push quite hard, but without pushing their 
partner over. She explained that one boy represented the air in the can and the other 
the air outside, and asked why the students were not moving, even though they were 
both pushing hard. 
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By now, steam was coming out of the can. She asked the students what they could see 
and to tell her what was happening to the air in the can. Once they had told her that 
the air was being pushed out, she released the clamp from the stand and immediately 
transferred the can into the water. The students were surprised and excited to see what 
happened. Hiba asked more questions, getting them to consider what had happened 
to the steam and why the air could not return to the can. 

Hiba then asked one of the girls to come to the front and to push her hard. Hiba 
stood strong, pushing enough to ensure that she did not move. She told them that 
the girl represented the air outside and that she was the steam inside the hot can. 
She then said they would see what happened when the can was put in the water and 
suddenly stopped pushing. The girl fell forwards and Hiba asked the class to discuss 
the demonstration and the two role plays in pairs and to explain what had happened 
to the can. 

After a couple of minutes, she asked one or two pairs to report back, making sure 
they used phrase ‘air pressure’. After they did this, the students wanted to see the 
demonstration again. Hiba agreed to do this, but instead of putting the can in the 
water open end down, she lowered it into the water the wrong way. The students were 
disappointed when nothing happened, but quickly one of them pointed out what 
Hiba had done wrong and why the can had not been crushed. After this discussion, 
Hiba asked another student to come to the front to ‘demonstrate’ the experiment again 
properly. 

Comment
Hiba‘s demonstration was effective for a number of reasons. Firstly, she was clear about 
the purpose of the demonstration. Secondly, she had practised the demonstration 
before the lesson so she was confident that that it would work and knew how long 
it would take. This meant she was able to plan the extent to which students could 
be involved and the ways in which she would use questions and role play to make 
students think about what they observed and to develop the concept of air pressure. 
Thirdly, Hiba showed real creativity by carrying out the demonstration in such a way 
that it did not work. This really challenged the students to think deeply about what 
they had seen and was a good example of practical work being used to prompt higher-
order thinking. 

Most of you will have carried out demonstration experiments in front of your students 
and will know how much they enjoyed this experience. Reflect on what you have 
just read to see if you can provide your class with an even more useful and enjoyable 
learning experience the next time you do a demonstration. 
 

Activity 34

Arrange with a colleague so that the next time you each do a demonstration 
you can observe each other. Share your reasons for doing the practical as a 
demonstration rather than as a group practical before the lesson. You should 
both practise the demonstration beforehand so that you are well prepared.
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The teacher observing should evaluate the demonstration using the following 
criteria:

•  Was everything ready in advance?
•  Was the demonstration clearly visible to all students?
•  Were all students safely positioned, comfortable and visible to the teacher?
•  Did any students take part in doing the experiment, for example by taking 

readings or recording them on the board?
•  Was there a problem to be solved in the students’ minds? 
•  Did the teacher ask plenty of questions that encouraged the students to 

observe carefully or to explain what they had seen?
•  What did the teacher do to make it as lively and interesting as possible?
•  Did the teacher manage the return of students to their seats?
•  Did the demonstration help the students to understand the concepts being 

taught?
•  Did the students carry out an activity after the demonstration to consolidate 

their understanding?

After each demonstration, you should discuss the lesson together and write down any 
improvements that could be made if you were to do it again. In particular, focus on 
how to increase the engagement of students and the learning that takes place.

In the next section, you will consider group practical work. Compare this approach 
with teacher demonstrations. This should help you to choose which method of 
organisation is best for a particular experiment and classroom context. 

Group practical work
Group practical work has many advantages. Students can develop their manipulative 
skills, make their own observations and generate their own data. The teacher should 
try to ensure that students are safe, work cooperatively so that all students are actively 
engaged and are clear about the procedures and the purpose of the activity. 
With learning outcomes in mind, teachers need to plan activities so that they develop 
the understanding or skills that are intended. While full investigations, problem-solving 
activities or rotating practical work are all normally carried out in groups, the most 
common form of practical is the structured practical.

While the principles of lesson planning remain the same for any lesson, a number of 
issues are of special importance when planning a group practical lesson. Among the 
questions you should consider when planning for practical work are:

•  What are the learning outcomes for the practical activity? 
•  How should I introduce the practical work so that the students are clear about its 

purpose?
•  How will I give instructions to the students (written instructions on the board or a 

worksheet, oral instructions, demonstration of procedure)?
•  How many students will I have in each group? How will I select the members of 

each group? Do I need to allocate responsibilities within the group?
•  Do I need to remind them of any of the basic ground rules for practical work?



27Module 4: Units 14 / 15

Group practical work enables students to develop their manipulative skills and generate their own 
data.

•  Are there any safety issues relevant to this experiment? What precautions do the 
students need to know about? 

•  How will I deal with issues such as breakages or accidents?
•  What apparatus/materials is/are needed by each group?
•  What apparatus/materials will they share?
•  How will I manage the distribution and collection of the apparatus and materials?
•  How long will the students need to do the practical work? What difficulties might 

they encounter? (Both questions will be easier to answer if you have tried the 
experiment yourself, using the same apparatus and materials that students will 
use.)

•  What do I want them to observe and infer from their observations?
•  What sort of record should the students make as they work?
•  How will I gather and discuss their results? (Try to consider how you will deal with 

results that do not meet your expectations.)
•  What work should the students do to consolidate their understanding or develop 

skills involved in analysis and evaluation of results?
•  How much time will be needed to clear up at the end of the experiment?

Now read Case Study 30. As you read, think about the extent to which the teacher took 
these issues into consideration during her planning.

Case Study 30
Basma was teaching about the reactions of metals with water and acid in Beesan Girls’ 
School in Syria. She planned to introduce the idea by demonstrating the reaction of 
sodium in water and then wanted her students to compare the reactivity of different 
metals in water and acid. 
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Materials for the demonstration: 
Large beaker of water, sodium, knife, white tile, universal 
indicator. 

Materials for the group practical: 
40 test tubes, 8 test tube racks, 8 small dropper bottles of 
dilute hydrochloric acid, 8 beakers to hold water, 1 pair forceps 
to hold the calcium, 5 dishes each containing small pieces of a 
different metal ; magnesium, calcium, iron, copper and zinc.

Key questions: 
How do you know there is a reaction? Is it a slow or a 
vigorous reaction? 

Main steps: 
Demonstration of metals and water.
•  Divide students into groups of 5/6 students. 
•  Ask one student from each group to collect test tubes, 

beaker and a test tube rack. 
•  Distribute acid to each group. 
•  Draw results table on board for students to copy. 
•  Ask students to arrange tubes in rack and label each with 

name of metal.
•  Give instructions for testing metals with water. Note: 

calcium must be handled with forceps. 
•  Ask one student from each group to collect a piece of 

each metal in the test tubes. 
•  Students test metals with water. I monitor progress, 

encouraging careful observation and making sure they note 
observations in table – ensure they are clear about the 
difference between bubbles of air stuck on metal and 
bubbles evolved during reaction.

•  Brief class discussion of results. 

Basma identified the following learning outcome:

•  Students will use their observations of the reactions between metals 
and water or dilute acid to construct a reactivity series of the 
metals.

There were 42 students in the class and the lesson was in a laboratory with eight 
tables. She decided that, although the groups would be quite large, she would divide 
the class into eight groups, one at each table. 

In her notebook, Basma made a list of materials she would need and an outline of the 
main steps in the lesson:
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Key questions: 
Which metals reacted vigorously? Which did not react? How 
do you think you could get metals to react more vigorously 
with water? 

Main steps:
•  Give instructions for testing metals with acid. Note: tubes 

must be washed after first test; put waste metals in 
container on front table, NOT down sinks; calcium should 
NOT be tested as it reacted vigorously with water; take 
care that acid does not enter eyes; goggles to be worn. 

•  Students test metals with acid, noting observations in table. 
Ensure they do not test calcium. Prompt thought about 
order of reactivity. 

•  Brief class discussion of results. 

Key questions: 
Which metals reacted vigorously? Which did not react? Can 
you suggest an overall order of reactivity, taking into account 
reaction with water and acid? Where would sodium be in the 
list? 

Main steps:
•  Students clear up. As before, metals do not go down sink. 
•  Students write an order of reactivity for these metals in 

their books.
Group practical lessons need careful planning and organisation.

Comment
While Basma did not write a formal lesson plan, she had clearly thought about many 
of the issues relevant to planning group practical lessons. You may not always write a 
list of action points, but if your practical lesson is to achieve specific learning outcomes 
and be organised and purposeful, you will need to consider them carefully before you 
teach the lesson. 

You may have noted that Basma did not discuss the products of these reactions or 
write word or symbol equations. Do you see how this relates to her learning outcome? 
How different would the lesson have been if she had intended that the students 
should also learn that when metals react with water and dilute acids they produce 
hydrogen and be able to write word equations for these reactions? What additional 
practical activity would be needed? How would her discussion and follow-up activities 
have been different? 



30

It is useful to include follow-up activities after group practical work.

In the next Activity, you will use what you have learned so far in this Unit to improve 
your planning and teaching of a lesson based on group practical work.

Activity 35

Choose an experiment that is suitable for a structured group practical and which 
could be used in a topic you will be teaching in the next few weeks. 

Identify the learning outcomes you expect for the lesson. Use the lesson plan 
format that you normally use, but refer to the list of questions given before the 
last Case Study to help you plan the lesson. Keep a note of your responses to the 
questions in your Programme Notebook. Prepare and gather all the resources 
you need, try out the experiment before your lesson so you are familiar with the 
procedure and any likely difficulties. 

Once you have taught the lesson, evaluate how well you thought the lesson(s) 
went. What was successful? How do you know this? What did the students learn? 
How do you know this? What did not go as well as you would have liked? Why 
was this? What could you do differently next time to make it better?

Making your own apparatus
While a well-equipped laboratory is required for some of the experiments suggested 
in textbooks to be carried out safely, students can achieve useful learning outcomes 
through practical work carried out in a normal classroom or outside, with simple or 
homemade equipment. 

Many of you will have made teaching aids yourselves or used equipment made 
by other teachers or parents. In one of the schools visited by the writing team, a 
parent had made a piece of equipment that young students used to match pictures 
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and words. The students had to try to connect the picture with the correct word. If 
they were successful an electrical connection was made and a bulb lit up. This is an 
attractive and robust teaching aid that will last many years. 

You may sometimes be able to spend enough time to construct a fairly complex 
piece of equipment, such as an improvised electroscope or periscope, but improvised 
apparatus may sometimes be quite simple. You could make a two-way switch with a 
block of wood, a paper clip and two nails (see below) or simply bring a polished spoon 
to school for a lesson on curved mirrors.

Nail Conducting
wires

 Block of
wood

Paper clip

Simple materials have been used for this improvised two-way switch, which shows the two possible 
directions in which current may flow.

You will probably make improvised apparatus when the apparatus you require is not 
available, but there may be times when you actually prefer to use a homemade item. 
You may feel using improvised apparatus in Science lessons encourages the use of 
local materials and improvisation outside the classroom. In some cases, such as the 
two-way switch shown above, scientific principles may be clearer if apparatus is less 
complicated. Students may find it easier to appreciate the importance of assessing 
errors or estimating if they are using homemade apparatus. The benefits may be even 
greater if the students are involved in making the apparatus themselves. You may 
get ideas for making apparatus from the UNRWA Science specialists, but you will find 
many ideas by searching the internet. One resource you may find useful is the Science 
Teachers Handbook (VSO, 1994), which is also available at 
http://www.arvindguptatoys.com/arvindgupta/vsoScience.pdf

In Module 1 Unit 2 you thought about how you could make use of the local 
environment in your teaching and in Case Study 5 you read about the observations 
and tests that one class carried out on rocks near their school. You may also choose to 
carry out experiments outside the classroom for safety reasons, or if space is limited in 
the classroom or laboratory you are using. The following Case Study shows how one 
teacher enabled his students to plan and carry out a guided investigation in a school 
with limited equipment and crowded classrooms.
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Case Study 31
Yusri was teaching Grade 9 biology at Ramallah Boys’ School in the West Bank. He was 
keen to give his students experience in planning and carrying out an investigation 
themselves. In particular he wanted them to develop their ability to carry out a ‘fair 
test’ in which they identified the dependent and independent variables and controlled 
other variables that could affect the result. He was teaching a class of 38 students in a 
room with fixed tables and limited space. 

Yusri was teaching about circulation and discussed with the class how heart rate 
changes to meet the oxygen requirements of the tissues. He showed the class how to 
measure pulse rate and they found that there was considerable variation in the normal 
pulse rate within the class. Each individual recorded their own ‘resting rate’ while sitting 
at their desk. Yusri then asked them to suggest factors that might affect an individual’s 
heartbeat. Students immediately suggested that exercise would increase heart rate. 
Yusri continued to probe and they realised that changing the duration and type of 
exercise might have different effects. At this point, another student asked whether the 
pulse rate was higher when you stood compared to that when you sat down, while 
another said he had heard that some energy drinks could increase heart rate.

Yusri wrote all these ideas on the board. He told them that different groups could 
investigate different factors, but emphasised that each group should only change one 
of these factors. He told them scientists called this the ‘independent variable’. He also 
told them that the effect they would measure – in this case the pulse rate – was called 
the ‘dependent variable’. 

Yusri asked the groups to choose the independent variable they would investigate and 
to identify other factors they would try to control. The class then discussed how they 
would do the experiment in more detail. Yusri managed the discussion so that several 
key points emerged:

•  Since the room was small and crowded, it would be sensible to carry out the 
experiment in the school playground.

•  Where one aspect of exercise was varied (such as the duration), others (such as the 
type of exercise) should stay the same.

•  Since the normal pulse rate varies from person to person, a number of students in 
each group should do the experiment, comparing their resting rate to the rate they 
obtained after doing the exercise, changing their position or drinking the energy 
drink. 

•  For safety reasons, any students with health issues should not perform the 
experiment.

The students then worked in groups to write a plan for their experiment, stating the 
steps in the form of bullet points and compiling a table for the results. At the end of 
the lesson, Yusri collected the plans. He read them and made comments where the 
procedure was not well thought out. 

At the start of the next lesson, he gave back the amended plans and allowed five 
minutes for the groups to discuss them. During this time, he circulated to answer any 
questions about his comments. 
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Yusri then took the class into the playground and the students carried out the 
experiment in groups and recorded the results. Back in the classroom, Yusri discussed 
how they would analyse the results. They agreed to calculate the change in pulse 
rate from the resting rate for each individual and then to obtain a mean value for the 
group. Once they had done this, each group showed the mean values to the rest of the 
class and briefly discussed the significance of the results. Not all of the investigations 
gave clear results. Yusri discussed the way that both positive and negative results 
contributed to scientific knowledge. 

Comment
In the Case Study above, Yusri used practical work to develop inquiry skills by giving 
students some freedom to plan and carry out their own investigation. He helped 
them to design and carry out an experiment to investigate the effect of a single 
independent variable. This is an important skill and much scientific research makes 
use of this approach. However, as discussed earlier, students might also be given a 
practical problem-solving activity that they can solve using creative or trial-and-error 
approaches. 

While you may feel that student-led investigations or open-ended problem-solving 
practical work are time-consuming, the benefits of students working in this way are 
very real. It is important that all of your students get the chance to carry out both of 
these types of activity. The next Activity asks you to teach and evaluate lessons based 
on one of these approaches.

Practical work does not always require a specialised laboratory and equipment. These students are 
investigating factors affecting pulse rate. 
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Activity 36

Look at the topics you will teach during the next semester. Identify an 
investigation or problem that one of your classes can tackle using one of the 
above approaches or a combination of both. 

The work will almost certainly require two or more lessons. Plan the lessons with 
specific skill-based learning outcomes in mind. When you teach the lessons, 
ensure that you share these outcomes with the students and try to give them 
some time at the end of the series of lessons to evaluate what they have done in 
relation to the outcomes. 

You might like to make a display of the students’ work. This might include 
apparatus they have made or posters that show their plan, results and 
conclusions.

Summary
Practical work should be a central component of any Science curriculum. It not 
only allows students to develop a wide range of manipulative, inquiry and cross-
curricular skills, but it also brings lessons to life. It engages students in the subject 
through exposure to real scientific phenomena and activities, supports conceptual 
understanding and motivates many students to follow higher studies in the subject. 

However, for practical work to be effective, you will need to plan thoroughly. Think 
about what your students will do, the learning outcomes you want to be achieved and 
your role in facilitating this. 

This double Unit has considered, not only the various purposes of practical work and 
how a scheme of work can aim to include these, but also the different methods of 
organisation of practical work and the factors you should take into account when 
planning it. Including different types of practical work in your Science lessons (such as 
investigations, problem-solving and rotating practicals) will provide your students with 
varied experiences that maintain their interest, allowing them to develop a wide range 
of skills and supporting their learning across the subject.
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Module 4 Unit 16: Cross-curricular skills in Science
Introduction
This Unit looks at the place of cross-curricular skills in the Science classroom. While 
the term ‘cross-curricular skills’ can include a broad range of interpersonal and study 
skills, this Unit focuses on the functional skills of literacy, numeracy and ICT skills. 
These skills are of vital importance, both for successful study in all subjects as well as 
in the workplace. Moreover, they affect not only our educational prospects and our 
employability, but also our ability to participate in all aspects of society and hence our 
social and emotional development.

As a teacher, you probably agree that success in Science is to a large extent dependent 
on the levels of students’ literacy and numeracy skills. You will also appreciate the 
importance of ICT skills in the modern world. Yet many Science teachers assume that 
the responsibility for developing these skills lies with the specialist teachers of Arabic, 
English, Maths and ICT. They argue that if teachers of these subjects do their job well, 
the student should possess the skills required to study Science. 

However, while teachers of these subjects should help students develop some of the 
basic skills required to study Science, they cannot be expected to develop them within 
a scientific context or to focus directly on those aspects of these skills that are specific 
to Science. The responsibility for developing literacy, numeracy and ICT does not lie 
solely with specialist teachers, but with teachers of all subjects, including Science. 
The development of these skills within the context of the Science classroom not only 
supports students’ general development, but enhances their scientific understanding 
and is a key way of raising standards and outcomes in the subject.

In this Unit, the Case Studies will focus on literacy, but before you look at this, you will 
briefly review the place of ICT and numeracy in Science lessons.

Teacher Development Outcomes
By the end of this Unit, you will have developed your:

•  knowledge and understanding of the importance of developing literacy, numeracy 
and ICT skills in Science;

•  skills and ability to use a range of strategies for supporting language skills in 
Science.

ICT in the Science classroom
A range of ICT is in common use in Science education. Your opportunities to use ICT 
will be limited by the equipment available in your school and your students’ homes, 
while your willingness to use it will depend to a large extent on your own experience 
and skill in this area. It is important to be aware of the many different ways ICT can 
support and enhance learning in Science, but you should have good educational 
reasons for using it. ICT should be more than simply a tool to motivate or reward 
students.
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ICT can support and enhance learning in Science in many different ways.

A number of Case Studies in this and earlier Modules have referred to video material 
that can be used to assist understanding and increase student engagement and 
motivation. Understanding can be further enhanced by the use of interactive 
simulations, where the teacher or student can vary a factor affecting an experiment, 
industrial process or natural system. A wide range of such programmes can be found 
on the following site from the University of Colorado: http://phet.colorado.edu/.

However, while materials of this type can make lessons more interesting and increase 
students’ understanding of concepts, their use does not directly help develop the 
students’ own ICT skills. If this is to happen, the students themselves need supported 
practice of ICT skills relevant to Science. The table below suggests a range of ways in 
which this can be done. 

Student activity ICT skills that can be developed

Planning and report writing Word processing and desktop publishing
Group presentations Use of PowerPoint or similar programmes
Taking measurements Automatic data logging (only possible 

with sensors and specialist software)
Presentation and analysis of results Spread sheets, data-logging software
Researching topics Use of search engines, and evaluation 

and use of internet sources
Sharing and discussing ideas Social media (see the following site for 

ideas: http://www.wise-qatar.org/social-
media-classrooms)

Modelling real-life situations to ask and 
answer ‘What if?’ questions

Simulations and modelling programmes

Suggestions of ways to develop ICT skills in Science.
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Numeracy in the Science classroom
Numeracy is a proficiency that is developed mainly in Maths but also in other subjects. 
It is more than an ability to do basic arithmetic. It involves developing confidence and 
competence with numbers and measures. It requires understanding of the number 
system, a repertoire of mathematical techniques, and an inclination and ability to 
solve quantitative or spatial problems in a range of contexts. Numeracy also demands 
understanding of the ways in which data are gathered by counting and measuring, 
and presented in graphs, diagrams, charts and tables. 

Poor numeracy skills will hold back students’ progress in Science and can lower their 
self-esteem. Improving these skills is a whole-school matter. The Science department 
should consider the contribution it makes towards numeracy skills and communicate 
with the Maths department so that both are aware of what each other are doing. This 
will reduce the likelihood that unreasonable assumptions are made about students’ 
mathematical abilities and experience. Just as importantly, individual teachers should 
take responsibility for developing and providing support for numeracy skills in their 
own lessons, rather than simply complaining when students do not have the skills they 
expect. 

Look back to Case Study 26. How did Ula’s model presentation help her students 
produce a good presentation? Which ICT skills were required by the students? What 
opportunities did Ula have to provide support for these skills? 

As we mentioned above, the extent to which you currently use ICT in your teaching 
depends on several factors. The next Activity asks you to build on your existing skills 
for the benefit of your students. It is a long-term Activity that will continue long after 
you have completed this Unit.

Activity 37

Write an action plan for improving the use of ICT in your teaching. Identify 
three specific actions you intend to carry out in this area within the next three 
months. For example:

•  a way of developing your knowledge of school-based and web-based ICT 
resources that could be used in your teaching;

•  ways in which you can share your ICT skills or resources with colleagues;
•  ways in which you can develop your own ICT skills;
•  a list of resources that you could use to enhance your teaching over the next 

semester;
•  a plan for a lesson in which you aim to develop your students’ ICT skills in 

your lessons.

At the end of three months, evaluate the progress you have made and modify 
your action plan as appropriate.
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Stop and consider the range of numeracy skills required to study Science in Grades 
7–12. Make a list of your ideas in your Programme Notebook and also make a list of the 
different contexts in which students need to use these numerical skills. 

Activity 38 builds on your initial thoughts about the role of numeracy in your teaching. 
In the first part of the Activity, you are asked to reflect on your views on the importance 
of numeracy in Science. In the second part, you are asked to think about practical ways 
of supporting numeracy in your classroom. While you could carry out these activities 
on your own, you would benefit from working with one or more colleagues in the 
Science department, so that you can share ideas and come to joint decisions. 

Improving numeracy skills can lead to a general increase in students’ confidence.

Activity 38

First, look at the statements below. Sort them into three groups, according to 
whether you agree with them, disagree or are not sure. If you do not agree with 
them, try to be clear about why this is.

1.  Employers consider numeracy to be just as important as literacy.
2.  Science teachers should leave the teaching of Maths to Maths teachers.
3.  Science supports numeracy development because it provides a concrete 

context for mathematical skills.
4.  Students are too dependent on calculators. It is important that they have a 

way of checking the answers they get.
5.  Students have difficulty transferring Maths skills to Science lessons.
6.  Maths lessons don’t provide students with the skills they need to do 

Science.
7.  It doesn’t matter how students get to the answer, as long as they get the 

right answer. 
8.  There’s very little Maths in Science at Grades 7 and 8.
9.  There is a correlation between levels of numeracy and the economic 

development of a country.
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10.  If students enter Grade 7 without basic numeracy skills, they will make very 
limited progress in Science.

11.  Differences in students’ levels of numeracy mean that individual support is 
very important when students are doing calculations.

12.  If Science teachers are going to help students with numeracy, they need to 
know what they have done in Maths lessons.

13.  Limited numeracy skills have a major effect on performance in Chemistry 
and Physics.

14.  There is good collaboration between Maths and Science departments.

Make brief comments in your Programme Notebook about the implications of 
your opinions. If possible, discuss your answers with other teachers from the 
Maths department. 

Now look at the list of suggestions for supporting numeracy given in the table 
below. Add three of your own suggestions to the table. Then rank them in order 
to show how useful you think they would be in supporting numeracy in your 
Science lessons. 

Rank Strategy to support numeracy in Science

Modelling the correct way to do a standard calculation
Structured worksheets that help students move from supported 
steps to independence
Students coming to the front to show how they did calculations
Explaining the concepts behind the science as you explain a 
calculation
Peer support when students are doing calculations
Having an understanding of students’ levels of achievement in Maths 
so you can target support
Students having answer sheets when doing calculations so they can 
monitor their own progress and ask for help
Doing calculations beforehand, so you are confident of the right 
answer and can identify numeracy demands

Suggestions for supporting numeracy in Science.

Once you have ranked the suggestions, reflect on how you could implement 
the most useful ideas. Make brief notes about these in your Programme 
Notebook and return to your notes when you have taught two or three lessons 
that have required students to carry out calculations. How effective have these 
strategies been?

You will be asked to look back at the notes you have made for Activity 38 in a 
later Unit.
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The remainder of this Unit explores what it means to be literate and how crucial 
literacy is to learning in Science. It also examines ways of using interactive approaches 
to develop students’ competences in literacy within the Science classroom.

Literacy in the Science classroom
Literacy refers to the ability to construct, communicate and interpret meanings for 
a range of purposes and in a range of contexts. This is achieved through developing 
speaking, listening, reading and writing skills. Having a strong foundation in literacy 
enables learners to continue learning, and the development of literacy skills continues 
throughout life. 

It is essential that literacy skills are functional; that is, that they can be used for a range 
of purposes in a range of contexts. ‘Education for all’ (UNESCO, 2006 ) defines literacy 
as the ‘ability to identify, understand, interpret, create, communicate, compute and use 
printed materials associated with varying contexts’ and explains that functional literacy 
enables individuals to achieve their goals, to develop their knowledge and potential, 
and to participate fully in their community and wider society’.

This UNESCO definition supports the idea of literacy as beyond being able to just 
read and write, taking it across subject boundaries, encompassing scientific literacy, 
numeracy and cultural literacy. Today’s society demands citizens who cannot simply 
read and write but can also evaluate and apply information gained from a range of 
media. 

Literacy skills lie at the centre of being able to think and express our emotions. They 
are central to our well-being and self-confidence. They increase our awareness of 
the wider world, lay the foundations for lifelong learning, and enhance employment 
opportunities.

In the early years of schooling, most students will learn to read and write at a basic 
level. They then need to build on these skills, understanding the range of purposes 
that can be achieved by effective use of communication skills and developing the 
ability to apply these skills for a range of purposes in a range of contexts. While 
language teachers will undoubtedly aim to develop the use of language to perform 
a variety of functions and to increase students’ vocabulary, they are unlikely to focus 
directly on the ways that language is used in Science or the terminology of the subject. 

Think back to your own schooling. How far do you think lessons in Arabic or English 
made use of scientific texts or helped you to develop literacy skills required in the 
learning of Science?

Science, like all academic disciplines, makes use of a specific form of language, known 
as its ‘register’. This not only includes subject-specific vocabulary, but other features, 
such as sentence types, discourse patterns and non-technical vocabulary that are 
characteristic of written and spoken language in the subject. If students are to learn to 
use scientific language effectively, they will need good models and opportunities for 
supported practice in the four language skills.

This is of importance for all students studying Science, but may be of particular 
significance for students in Lebanon where they are learning the subject through the 
medium of English, rather than their first language. 
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One important aspect of scientific language is the large amount of subject-specific 
vocabulary. The next Case Study shows how one teacher tried to help her students 
become familiar with new scientific terms that they met during her lessons. She 
was aware that students found the large number of new words in this subject a 
barrier to understanding key concepts in Science and was also keen to carry out her 
responsibility to help with the development of language across the curriculum. 

Case Study 32
Siba, a teacher in Rafah Preparatory Girls’ School in Gaza, regularly asked her students 
to write new scientific words and brief definitions in the back of their books. Every two 
weeks, she gave short tests in which students were asked to spell some of these words 
and to match others to their definitions. She was confident that this helped them to 
become familiar with the important new terms they met in the subject. However, 
when Siba was teaching about solubility, she began to realise that, while they seemed 
to have learned the meaning of the many similar words that were used in this topic, 
they seemed to have difficulty using them in sentences. 

So, at the end of one lesson, instead of giving a spelling test, she decided to give them 
the following list of words that were in their glossary.

soluble     insoluble     dissolve     dissolves     solution     suspension     solvent

Siba asked the students to write three sentences, using at least two of the words in 
each sentence. When they had done this, she asked them to compare their sentences 
with a partner. 

Using new terms in context helps students to familiarise themselves with the terms.
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Consider one of the classes you teach. Think about their needs in relation 
to writing in Science lessons. What is the main priority? Do they need help 
using scientific vocabulary in clear, concise sentences that communicate their 
understanding of simple concepts? Do they find it difficult to write a short 
paragraph linking ideas using logical connectors (conjunctions) to show 
relationships such as cause and effect (for example ‘because’, ‘therefore’) or 
contrast (for example ‘however’, ‘nevertheless’)? Do they require supported 
practice writing coherent, longer pieces of writing? 

To decide this, you will need to take into account both their current ability 
to write about Science in the language of instruction (Arabic or English) 
and the demands of the subject at the level they are studying, including the 
requirements of any exams or tests they will take.

Plan a lesson or part of a lesson based on your analysis of the type of support 
your students need to strengthen their writing skills. At the end of the lesson, 
collect the work they have done. Evaluate the impact of the activity. You should 
consider student engagement with the activity, the extent to which the activity 
was matched to the students’ needs and the quality of the work they produced. 
You might choose to compare the writing they produced to earlier pieces of 
work. Provide feedback to the class and individuals about what they have done 
and think about other opportunities you might have to support writing skills. 
You may decide that they require a similar activity to reinforce what they have 
learned, that further activities should provide a greater level of support or that 
more advanced work is appropriate. 

Finally she asked one pair to read out a sentence they thought was correct. She wrote 
this sentence on the board and then asked the remaining students for a sentence 
including two of the other words. Siba continued, asking the students to contribute 
until all the words were written on the board in correct sentences. 

Comment
Siba realised that her students needed to become familiar with the new terms, but also 
that they needed to be able to use these words in context when talking and writing 
about science. The exercise was one way of giving students practice in using new 
words in simple sentences. 

Can you think of similar activities your students could do that would encourage them 
to use new terms correctly within sentences or short paragraphs? Older students 
will need to be able to write longer, coherent pieces of writing, such as experimental 
reports or essays. Could you give them support by providing a list of vocabulary to 
include, appropriate opening sentences for key paragraphs or a suggested structure 
for the piece of writing? 

Now look at Activity 39, which requires you to analyse the language needs of one of 
your classes and to plan an activity to meet those needs. 

Activity 39
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Support for students’ reading of scientific texts
Reading for comprehension is central to learning to read. With younger students, it 
is important to help them develop skills and strategies to access the content of the 
simple texts they are reading. This includes expanding their vocabulary by developing 
their recognition and understanding of the meaning of an increasing range of words. 
When older students study Science, they need to be able to read a variety of complex 
texts, both in their textbooks and in notes the teacher may give them. 

Reading scientific texts requires very different skills from reading stories or poetry, 
which are read for enjoyment and relaxation and where the reader does not 
necessarily have to understand or absorb every detail. Scientific texts are almost always 
read to obtain information or to understand ideas. For such ‘informative texts’, the 
reader often needs to break the flow of their reading to reflect on what they have read 
or check back to see how ideas relate to one another in order to determine meaning. 
The skills of skimming, questioning, reviewing and summarising texts are crucial for 
students of Science.

If possible, talk to a teacher of Arabic or English at your school and ask them about the 
skills needed to extract information from a text in their subjects and the differences 
between reading a scientific text and, for example, a story.

If you are to help your students to become successful readers of scientific texts, 
you will need to plan and adapt activities to match their levels and skills in reading. 
Support for reading may come before or during the process. You may support students 
by providing glossaries of difficult words they will encounter or you may discuss the 
purpose of the text to prime the students beforehand. While they are reading, you can 
also ask them to search for information, process it and present it in another form. 

It is important to plan and adapt activities to match students’ levels and skills in reading.
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You may choose to ask students to reconstruct or rearrange a text that you have 
written specifically for them, perhaps with reference to a more difficult original piece 
of writing. You might ask them to fill gaps in a text, put jumbled sentences into the 
correct order or ask them to match the beginnings and ends of sentences. Tasks of 
this type, where the text is produced by the teacher and the activity has a clear end 
point, can be motivating and suitable for less fluent readers. Alternatively, you may ask 
them to do a more demanding analysis task using a text you have found in a book. You 
might, for example, require the students to locate and categorise information in the 
unmodified text, marking, annotating or summarising the text in some way.

Case Study 33 demonstrates how you will need to think very carefully about whether 
the ‘reading comprehension’ questions in textbooks really help you to know what 
students have understood from their reading, and what other questions or activities 
may be needed to help them.

Case Study 33
At a teachers’ workshop in Irbid, Jordan, teachers of Arabic as a mother language were 
asked to read a ‘nonsense’ text and answer questions on it. The first sentence in this 
text was:

‘ميامأ الو يطمال يب بخت يئارو الف رصم ضرأب متقأ’ 

and the first ‘comprehension’ question was ‘Who was the speaker in this line of the 
poem?’ Every teacher knew that the answer was ‘I’. In their discussion, the teachers 
realised they could give the ‘correct’ answer because they know that in Arabic ‘I’ was 
the subject of this sentence. They didn’t need to know who or what ‘I’ was, in order 
to give the answer. The teachers also realised that the question did not help their 
understanding of the text!

After the discussion, the teachers worked in small groups to design questions and 
tasks to help them know whether or not their students had really understood the texts 
on which their questions and tasks were based. They learned that questions should 
not require students to just copy information from one sentence in the text for their 
answer and that tasks that required students to annotate, highlight, summarise or 
transform text (for example turning a text into a flow diagram, table or list of bullet 
points) would encourage them to engage more actively with what they were reading. 

When one of the teachers, Khalid, returned to his school, he shared what he had 
learned with his friend Naji, who taught Biology. Naji decided to look critically at 
comprehension questions in his own textbook and found that many of them could be 
answered with little understanding. Naji then spent some time with Khalid, looking at 
how the ideas from the workshop could be applied in one of his Biology lessons. Khalid 
told him that these activities were called ‘DARTs’ (Directed Activities Related to Text) in 
English and Naji used a search engine to find examples of the use of DARTs in Science 
lessons on the internet.

Naji’s Grade 8 class were studying the digestive system. After a brief discussion in 
which Naji used a model of the human body to help describe what happened to 
food as it moved through the system, he asked the students to read a section of the 
textbook and make notes they could use for revision. He asked them to work in pairs, 
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The class spent 20 minutes on this activity and Naji asked them to complete it for 
homework. The flow diagram that one student produced is below: 

Mouth – Food is broken down into small pieces. 
Salivary amylase begins digestion of carbohydrates.

highlighting the text in the following way. They should use one colour to highlight the 
organs in the system, use a second colour for the functions they carried out and a third 
for any enzymes or other chemicals they produced. This activity took ten minutes. 

Naji then asked the students to produce a flow diagram using the information that had 
just learned. Although he encouraged them to work with their partners, he asked each 
student do this in their own book. He showed them what this meant by writing the 
first step on the board:

Flow diagram showing human digestion
Mouth – Food is broken down into small pieces. Salivary amylase 

begins digestion of carbohydrates.

Oesophagus – Food is passed by peristalsis to stomach.

Stomach – Food is churned by muscles. Enzymes continue to break 
down carbohydrates and begin to digest proteins. The stomach is acid.

Small intestine – Bile from gall bladder neutralises acid and helps 
digestion of fats. Enzymes from the pancreas and intestine wall 

complete digestion. The products of digestion are small molecules 
(glucose, amino acids) and are absorbed into the blood.

Large intestine – Water is absorbed into the blood. The remains of the 
food become more solid.

Rectum – The faeces are stored until we go to the toilet when they 
pass out of the anus.

A student’s flow diagram of the human digestion.
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Are there any mistakes? Did the student leave out any important information? What 
feedback would you give to the student?

Comment
This Case Study shows the importance of sharing ideas with your colleagues. Although 
Khalid and Naji taught different subjects, they discussed the ideas Khalid had learned 
at the workshop and how Naji might use them to develop the reading skills of his 
students. 

Although Naji gave a short explanation before his students read the text, he was keen 
to give them the opportunity to locate and interpret information for themselves. He 
wanted to teach about digestion but also wanted to give his students experience of 
reading information texts. Students need to learn skimming and scanning skills so that 
they can use books for independent study. 

Naji intended the highlighting activity to assist his students in locating and classifying 
key information. He then gave guidance on how best to summarise this information. 
Naji chose the activity carefully, realising that descriptions of processes such as 
digestion or experimental instructions (for example for the preparation of copper 
sulphate crystals) can be summarised by a flow diagram. Other texts with a repetitive 
structure may be summarised more clearly with a table. For example, a description of 
the parts of a cell might be summarised in a table with the following headings: ‘Name’, 
‘Position’, ‘Description’, ‘Function’. 

When Naji designed the activity, he decided that his students could highlight the 
original text and then use it to produce their summaries. However, many students 
found this quite difficult. Naji decided that if he were to do this activity again, he would 
write the steps of the process on the board, but in the wrong order and using simpler 
language than was in the textbook. He would then ask his students to refer to the 
textbook to help them put the steps in the correct order.

The next Activity asks you to help your students make good use of a written text. 

Activity 40

For this Activity, select a text before the lesson that you want the students to 
use to practise their skills in reading for information. Decide the best way this 
text could be presented to produce a useful summary of the information – for 
example a table, flow diagram, concept map or labelled diagram. Then decide 
whether you think the students can successfully use the original text or whether 
you will need to produce a simplified version for them to reconstruct. For 
example, you may wish to make it easier for them to identify the labels they will 
need for the diagram or the phrases that go in the table.

You might suggest the students work in pairs to start with, so that they can talk 
and think together before they have to do it on their own. If you decide to make 
it a reconstruction task, you might ask them to work in groups. You could also 
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Working in pairs or in groups gives students the opportunity to discuss texts.

assist by writing statements on small cards for the students to put into sequence 
order or into categories. This technique has the advantage of letting the group 
move them around and try them in different positions as they discuss them 
before they make a final decision. 

After you have taught the lesson, spend a short time writing in your Programme 
Notebook about what the students were able to do and what they found 
difficult. What further activities could you do to help your students develop the 
skills they need to extract and summarise information from scientific texts? 

Comment
It is reasonable to hope that students should have basic literacy skills by the time they 
start Grade 7 and that language teachers will take prime responsibility for developing 
these skills, even in higher grades. However, the fact that the language of Science is 
in many ways distinct from other forms of the language means that the development 
of the skills required to communicate scientific ideas effectively is unlikely to be the 
focus of specialist language teachers. So, while your primary responsibility as a Science 
teacher is to develop your students’ understanding of scientific concepts and ability 
to apply scientific approaches and skills effectively, the link between language and 
learning means that you should also develop your students’ language skills in the 
context of Science. 

In this Unit, you have seen examples of how student tasks can support the 
development of reading and writing skills in Science and you have completed 
Activities that encouraged you to give some of these tasks to your own students. 
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Listening
Listening is usually a passive activity. 
Few students can listen effectively 
for longer than ten minutes.

How can we create situations in 
which students listen actively 
and with a clear purpose during 
introductory explanations, 
demonstration experiments, 
videos and when being given 
experimental instructions?

Writing
For many students, the point of 
failure in Science lessons comes 
when they begin to put pen to 
paper. Even the most able, who 
may respond to language models 
they see on the board or in a 
textbook and modify their language 
accordingly, will benefit from 
assistance or guidance.

What forms can support or 
guidance for writing take?

How far can we offer differentiated 
levels of support?

Reading
In addition to the need to 
understand scientific vocabulary, 
reading a science text involves 
different skills from those used in 
reading stories or poetry. Students 
need to read scientific texts if they 
are to study Science in the later years 
of schooling and beyond.

What activities can we use to help 
students develop these skills? 

Speaking
A lot of student-student talk goes 
on in Science, particularly during 
practical lessons. Much of this, 
however, even when related to 
the lesson, may be related directly 
to the practical procedures or 
observations. If talk is to be a tool 
for the development of higher-order 
thinking, teachers must provide 
some structure or stimulus for that 
talk.

How can we focus, as effectively as 
possible, the nature and direction 
of the talk?

Key questions regarding support for the four language skills in Science.

Earlier Modules included examples of tasks that provide support for speaking skills 
through discussion in small groups and of tasks that support active listening. All of 
these activities may be seen as a response to the key questions relating to support for 
the four language skills in Science, as shown in the next visual. 
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Summary
This Unit has considered the role of Science teachers in developing their students’ 
literacy, numeracy and ICT skills. We may all acknowledge that specialist subject 
teachers of ICT, Maths, Arabic and English will take the main responsibility in these 
areas, but these skills are of such fundamental importance that teachers of all 
subjects should provide opportunities for students to practice and develop them 
within the context of their subject. Success in Science is closely correlated with high 
levels of numeracy and literacy. All Science teachers should be prepared to provide 
opportunities for practice of these cross-curricular skills within their lessons and to 
plan ways of supporting the development of the skills their students need.








