ati
on

TABLE OF CONTENTS
What does this booklet offer?................................................................5

2.

Aims of science teaching .......................................................................5

3.

Principles of learning .............................................................................7

4.

Questioning and dialogue in science classrooms ...................................9

5.

Feedback..............................................................................................16

6.

Self- and peer-assessment ...................................................................22

7.

Formative use of summative tests ........................................................26

8.

Learning together: learning from others .............................................27

9.

Appendix .............................................................................................29

wk
er

Br

ow

nlo
w

Ed
uc

1.

©

Ha

10. References ...........................................................................................30

© 2014 Hawker Brownlow Education • 9781760011338 • GLA1338

3

1. WHAT DOES THIS BOOKLET OFFER?
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There is no shortage of encouragement, and pressure, for teachers to improve their
work, raise their standards, better their students’ test scores and so on. For the past 15
years or more the helpful part of such pressures has amounted to little more than the
classic ‘must try harder’. However, there have also been other voices offering advice
on how to try harder, and advice of this kind has become part of government policy
in recent years. Such advice amounts to telling teachers how they should do a better
job, which can be offensive if it comes from those who do not share their everyday
problems. Indeed, at least some of the initiatives on offer might best be seen as snake
oil, in that the enthusiasm of their proponents is not matched by any evidence that
they will be either feasible or effective in practice.
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This booklet offers advice to teachers on how to interact more effectively with
students, on a day-to-day basis, promoting their learning. What is offered is backed by
rigorous evidence that the initiatives proposed do actually improve students’ learning
achievements. The specific aim here is the improvement of science education, and so
in section 2 our ideas are put in the context of the aims and expectations of science
teaching.
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The recommendations we make gain particular strength from the fact that they are
grounded in the main findings of many decades of research into the principles that
govern effective learning and the factors that help support the motivation and selfesteem of learners. These foundations for formative work are discussed in section 3.
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Sections 4 to 7 set out in detail our findings on four main ways of practising formative
assessment that we have found to be both workable and productive with science
teachers. Section 8 discusses an approach to formulating a plan to develop formative
work within a science faculty in a school.
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Finally, section 9 (Appendix) presents background information about the research
that informs the Black Box project.

2. AIMS OF SCIENCE TEACHING
Here in Australia, much discussion and research has been dedicated to looking
at ways that science education can be made more relevant to students’ lives,
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•
•
•
•

rich questions
strategies to support all learners in revealing their ideas
opportunity for peer discussion about ideas
group or whole-class discussions which encourage open dialogue

CHALLENGING ACTIVITIES
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If science teachers want to find out what students understand in science rather than
just what they know and can recite, then the learners need to be challenged by activities
that make them think. In some cases, this would involve applying the science ideas
that they already have within a new context or from a different viewpoint. In others,
it would encourage the learners to use their current knowledge to predict outcomes
or solve problems. These activities could take many forms in science but generally fit
into the following categories:

COMPARING
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What is similar and what is different about …? (For example, comparing two geranium
cuttings grown in different types of soil, or comparing ideas about combustion with
those about respiration.)
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These types of activity encourage learners to observe more carefully and to find reasons
for similarities and differences. By thinking about the similarities and differences, the
question of why there are these similarities and differences arises. So, students apply
their knowledge and understanding to the context and this both challenges their
conceptual understanding and helps it develop. What is essential in these activities is
that the teacher makes clear to the learners that the activity is to explore what they
think rather than for them to guess the answer that the teacher has in his or her
head. So if the activity is to spot the odd one out in copper, aluminium and graphite,
then the teacher needs to allow the learners to discuss the various possibilities before
homing in on the one that he or she wants to use to exemplify the ideas.
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CATEGORISING, GROUPING AND RECOGNISING EXCEPTIONS

Why is … an example of …? Is it always true that …? (For example, investigating the
reactions of an unknown compound, or observing water fleas to decide on their
classification.)
These types of activity enable learners to test out the rules and theories that they
come across in science to see how generalisable they are and to recognise limits. They
allow the teacher to check the reasons the learners have for allocating something to
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Circuit diagrams are clear and you can distinguish between a parallel and
series circuit. Can you also explain why the bulbs are brighter in the parallel
circuit?
Description of Haber process is correct and equation accurate. Why is that
particular pressure and temperature selected to run the process?
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6. SELF- AND PEER-ASSESSMENT
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Good use of examples and excellent drawing of Marram Grass TS. You need
to explain carefully what adaptation is, thinking about why some individuals
can survive in that harsh environment and others cannot, and the consequence
of this.
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Self-assessment has an essential
role to play in formative practice.
Teachers can create wonderful
lessons by facilitating debates on
ideas and providing guidance on the
next learning steps, but it is only the
learner who can do the learning; the
teacher cannot do it for them. In
other words, students need to be able
to self-assess. This is not a simple task
as it requires the student to have a
sufficiently clear picture of the targets
in the learning trajectory ahead of
them and a means of moving forward
to close the learning gap. In some
classrooms, students do not have this
clear picture and respond to lessons as
a set of exercises to be completed. In
this scenario, the students are not engaged with the learning and are not aware of the
rationale behind specific tasks. So, finding their way through to attain their individual
targets is a non-starter. However, when students do acquire such an overview, they
then become more committed and effective learners.
Through our work with teachers, we have found that peer-assessment helps students
develop and hone their self-assessment skills. Students have the ability to recognise
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