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Active Assessment: 
thinking, learning and 

assessment in science
Stuart Naylor and Brenda Keogh

Putting the learner’s ideas at the heart of the learning process

ABSTRACT
Many teachers are convinced about the value 
of assessment for learning but may be unsure 
of how to implement this in their own teaching. 
Closing the gap between theory and practice 
can seem daunting. This article describes a 
project that has attempted to put the theory 
into practice in science classrooms. The Active 
Assessment project aims to build on the theory, 
to recognise the challenging issues facing 
teachers and to suggest some practical ways 
forward.

Assessment, thinking and learning
During the past three years about 6000 teachers have 
attended professional development courses as part 
of the Active Assessment project. These courses 
have attempted to describe the connections between 
thinking, learning and assessment and familiarise 
teachers with a wide range of Active Assessment 
strategies. As the project comes to an end it is a 
suitable time to reflect on the principles that underpin 
the project and what we have learnt from it.

The project’s origins go back to the early 1990s 
when we were developing and researching concept 
cartoons (Naylor and Keogh, 2000). Evidence from 
our research showed that many teachers used concept 
cartoons for assessment in science lessons. In some 
cases, teachers used concept cartoons as part of a 
traditional summative assessment process, because 
the concept cartoons seemed to be an effective way 
to probe understanding and were more engaging than 
the usual test questions. However, in other cases they 
found that it was valuable to use concept cartoons 
for assessing pupils’ ideas at the start of a lesson. 
What was revealed about the pupils’ ideas created a 
learning agenda for the rest of the lesson and helped 
to clarify the next steps in learning and teaching. 
The concept cartoons got learners thinking, talking 

and sharing their ideas, and in this way they made 
the learners more active in the assessment process 
and helped to connect formative assessment with 
the learning that would follow (Keogh and Naylor, 
1999).

This view of assessment as a process that helps 
to make learning more effective is quite a shift 
away from the more traditional view of teacher-
led assessment that generally comes at the end of 
the learning process. There is value in both aspects 
of assessment. However, in terms of promoting 
thinking and learning there is more to be gained from 
assessment at the beginning of (or partway through) 
the learning process than from assessment at the end 
when all the teaching has finished. The gap between 
the two perspectives was brought home to us when a 
teacher phoned late one evening to discuss a problem 
that she had:

I’ve been using concept cartoons for assessment 
but I seem to be doing something wrong. When 
I use the concept cartoons I can’t stop the 
children learning. What should I do? 

For this teacher, the conceptual shift in moving away 
from a view of assessment as purely summative, and 
towards a view where assessment makes a positive 
contribution to learning, was proving a challenge. 
She hadn’t yet recognised these different perspectives 
on assessment, and saw pupils continuing to learn 
while they were being assessed as a problem, not as 
a bonus.

Becoming more aware of the links between 
thinking, learning and assessment led us to adopt 
the phrase ‘Active Assessment’ to describe this 
connection (Naylor, Keogh and Goldsworthy, 2004). 
By Active Assessment we mean using approaches that 
actively involve learners in purposeful assessment 
activities and potentially result in further learning. 
We mean using thought-provoking activities for 
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teaching, and observing many other teachers using 
concept cartoons, a set of principles seemed to 
emerge which helped to tie these together.

Some Active Assessment principles
Assessment should help to create a sense   
of purpose
One of the things that we notice when teachers 
use concept cartoons is that they usually get pupils 
engaged in discussion very quickly, and they get 
pupils wanting to find out more. In this way they 
help to create a purpose for the rest of the lesson.

We found that other assessment strategies used at 
the start of a lesson can have the same effect. High 
levels of engagement don’t guarantee learning, but 
we can guarantee that pupils won’t learn much if 
they are not engaged. So the types of assessment 
activities that generate high levels of engagement 
are more likely to lead to learning. The ideal types 
of activities are those that get pupils sharing and 
discussing their ideas, so that they don’t view the 
activity as assessment.

Self-assessment helps to create a sense   
of purpose
The process of self- (and peer-) assessment also 
helps to provide a purpose for the rest of the lesson. 
It leads to subtle, yet vital, shifts in the responsibility 
for learning. In many typical science lessons pupils 
view their role as carrying out a set of procedures 
that only the teacher understands. Self-assessment 
can change this view. If a lesson begins with pupils 
finding out more about their own issues and problems 
in understanding, then the rest of the lesson can be 
presented by the teacher as a series of opportunities 
for them to resolve their difficulties and develop 
their understanding. In this way pupils recognise that 
their ideas make a difference to the lesson and start 
to share the responsibility for their own learning. So 
activities that help pupils to become more aware of 
their own ideas also help to integrate assessment and 
learning.

Finding out pupils’ ideas is helpful
It is well known from research that learners construct 
their own understanding in science, based on their 
experiences, and that their ideas may be in conflict 
with scientifically accepted viewpoints (for example 
Harlen, 2006). Finding out about their ideas, or 
elicitation, is therefore often viewed as an essential 
step in effective teaching, since it enables the teacher 
to take their ideas into account.

However, finding out about pupils’ ideas isn’t 
just for the teacher. It is important for pupils to do 

this too. Finding out more about their own and other 
people’s ideas helps them to explore and clarify their 
own understanding, to recognise the boundaries 
of their knowledge and to become more aware of 
alternative possibilities. Ollerenshaw and Ritchie 
usefully describe elicitation as ‘helping children to 
find out and clarify what they think’ (Ollerenshaw 
and Ritchie, 1997: 66). This definition shifts the 
focus of elicitation from the teacher to the pupil, 
recognising the value of pupils’ involvement in the 
process.

Collaboration improves both formative  
assessment and learning
Collaborative activities seem to provide less 
information to the teacher about an individual 
pupil’s progress. This may appear to be a serious 
drawback for any assessment procedure. However, 
collaborative discussion, debate and argument are 
immensely valuable in terms of getting pupils to 
reflect carefully on their own ideas, to take alternative 
possibilities seriously and in this way to kick start 
the learning process. Many teachers of science will 
know that learning often depends as much on getting 
pupils to let go of their existing ideas as providing 
them with access to more productive ideas.

Letting go of their existing ideas is best achieved 
by pupils thinking carefully about why they hold 
these ideas and how much evidence there is to 
support them. Collaborative debate and argument is 
a very effective way to do this. So activities that get 
pupils discussing and arguing about their ideas also 
help to integrate assessment and learning.

Putting principles into practice: 
issues raised by teachers
Recent work on assessment for learning, such as 
Black et al. (2002), Harlen (2003) and Black and 
Harrison (2004), has been widely publicised and 
has had a major impact on national policies as well 
as on classroom practice. Generic guidance on 
questioning styles, wait time, classroom climate and 
so on has been included in professional development 
courses and published materials. With such a wealth 
of guidance available, an obvious question to ask is 
why we felt the need to do further work in this area 
and develop what we now call Active Assessment. 
To answer this we need to turn to the questions 
raised by teachers during our work with them, and 
look at how our experience with concept cartoons 
and other Active Assessment approaches helped to 
shape our responses.
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‘Personalising learning sounds too difficult’
Pressures of accountability mean that it is a rare 
school that does not have schemes of work in place 
for each year group. Teachers are expected to plan 
lessons in detail, often some time in advance of the 
lesson. How then, they ask, is it possible to take the 
pupils’ ideas into account when the lesson is already 
planned? Isn’t it necessary to know what their ideas 
are before planning the lesson, and how would this 
information be obtained? The days are long gone 
when teachers could walk into a lesson, begin by 
exploring the pupils’ ideas and construct a lesson 
plan there and then.

Teaching a class also raises other issues in terms 
of personalised learning. Although the well-known 
phrase ‘start from where the learner is’ (Black and 
Harrison, 2004: 4) sounds appropriate and non-
contentious, teachers felt that they need to start from 
where the learners are. This sounds a whole lot more 
demanding, but it describes the job of a class teacher 
more accurately. In any topic, pupils will have a 
range of ideas and dealing with this range of ideas 
can be daunting. How do you deal effectively with 
individual ideas at the same time as teaching the rest 
of the class? As one teacher expressed it to us:

How can you plan and teach 36 different 
lessons at the same time? ... there is no way 
you can possibly provide for every child 
individually. 

‘It takes too long to find out pupils’ ideas’
Finding out more about the pupils’ ideas near the 
start of a lesson or topic sounds fine in theory and 
seems to fit in well with assessment for learning. 
But this was often perceived as time-consuming. 
Many teachers were concerned that if more time 
was spent on finding out pupils’ ideas, less time 
would be available for developing their ideas. This 
investment of time was often seen as a problem. 
How could investing time in this way be viewed 
as cost effective, given the demands of the science 
curriculum and the limited time available for science 
teaching and learning? Surely it would be better to 
spend the maximum amount of time on teaching and 
learning about the topic, rather than devoting time to 
simply finding out pupils’ ideas?

‘We need a wider range of strategies’
Access to a wide range of formative assessment 
strategies is important. No two classes are identical, 
so having a choice of strategies to meet the demands 
of different circumstances is essential. Having a wide 
range of possibilities to select from also makes it less 

likely that pupils (or teachers) will become bored by 
overuse of a small number of strategies.

Texts such as White and Gunstone (1992) 
or Black and Harrison (2004) offer some useful 
strategies for formative assessment. However, many 
teachers told us that they need more wide-ranging 
guidance regarding how to access the pupils’ ideas, 
and that comprehensive lists of strategies were 
difficult to find.

‘We need subject-specific examples’
Generic formative assessment strategies, such as 
increasing wait time in response to questions, no 
hands up and giving comments not grades on pupils’ 
work, are invaluable (Black et al., 2002). They make 
a big difference to classroom practice and help to 
create an effective learning environment. However, 
this did not appear to be sufficient for many teachers 
of science, whether primary or secondary. It became 
apparent that many teachers felt a need for examples 
that were contextualised in the lessons that they 
would be teaching – lessons on pushes and pulls, 
particle theory, electrical circuits or interdependence 
and adaptation. However useful the generic 
strategies, teachers found that they could not always 
translate them easily into a specific science lesson. 
They told us that they need more subject-specific 
examples of formative assessment strategies, which 
built on generic approaches in a science context, and 
that these were not easy to come by.

Active Assessment as a way forward
We recognised how important it was to attempt to 
meet the concerns that teachers expressed, however 
challenging that seemed to be. Our experience with 
concept cartoons convinced us that it should be 
possible to provide support to make the formative 
assessment process manageable. This is what we 
have attempted to do through the Active Assessment 
project, as we set out below.

Personalising learning
An Active Assessment approach starts with the 
premise that teachers will generally want to provide 
broadly the same lesson for the whole class. The 
teacher will use one or more Active Assessment 
strategies at the start of, or partway through, the 
lesson. These short activities engage pupils in 
considering alternative viewpoints, looking for 
evidence and weighing up different arguments 
– in other words, they start to create problematic 
situations for pupils. This generates a desire to seek 
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answers to their own uncertainties, and finding 
these answers becomes the purpose of the rest of the 
lesson. The teacher can target those areas where there 
is uncertainty or disagreement across the class. This 
helps to create a sense of ownership of the problem, 
where the focus is on the class as a whole, not on the 
individual pupil.

For example, suppose that groups of pupils do 
a card sort or use true–false statements about the 
Earth and solar system (see Box 1). They may all 
confidently agree that The Moon reflects light from 
the Sun is a correct statement. Because they are 
confidently right in their judgement (though on other 
occasions they may be confidently wrong!) there 
would be little point in spending any further time 
on this during the lesson. However, they may fail to 
reach agreement about The Sun is further away from 
the Earth during the winter, or The Moon appears 
to change shape because of the Earth’s shadow on 
the Moon.

The disagreement about these statements would 
be the ideal starting point for a lesson that explores 
a range of evidence about the seasons and about the 
phases of the Moon. Pupils can be given access to the 
typical activities used for this area of the curriculum, 
such as finding out the times of sunrise and sunset 
in different seasons, or identifying the difference 
in temperature in the north and south hemispheres 
in different seasons. They can find out about what 
happens in an eclipse, set up models of the Earth–
Sun–Moon system or watch an animated video clip 
showing the phases of the Moon. The uncertainty 
identified at the start of the lesson now provides a 
context and purpose for the activities that follow.

Or suppose that pupils are asked to compare and 
contrast light and sound. From general knowledge 
about thunderstorms they will probably be familiar 
with the idea that light travels faster than sound. 
However, they may be unable to agree on whether a 
mirror will reflect sound as well as light. This would 
be an ideal starting point for a lesson exploring what 
happens when sound waves meet a polished surface: 
are they absorbed or reflected, and what variables 
might determine what happens? In this way, the start 
of the lesson identifies a whole-class problem, based 
on pupils’ uncertainties, while the rest of the lesson 
provides evidence to resolve it.

In both examples, the Active Assessment strategy 
gets pupils talking and thinking, provides valuable 
assessment information and begins the learning 
process. Through using Active Assessment strategies 
pupils clarify their own ideas and discover whether 
everybody else in the class shares these ideas. Having 
their ideas challenged through collaborative group 

discussion, recognising the range of ideas across the 
class (peer-assessment), and becoming more aware 
of their own areas of uncertainty (self-assessment), 
makes pupils more interested in exploring their ideas 
further.

Even though some pupils know more than others, 
the fact that the class as a whole can’t agree provides 
a rationale for a whole-class lesson. Although 
individual pupils in the class have different ideas, 
these lessons do not require the teacher to set up 
individual learning pathways in response to their 
individual ideas. Personalisation comes from the 
connection that individual pupils make between 
their ideas and the follow-up activities.

Time spent on assessment
Some activities can enable both assessment and 
learning to go on concurrently, as we discovered 
with concept cartoons. As pupils engage in the 
activity they have their ideas challenged and begin to 
develop their ideas through collaborative interaction. 
This is part of the learning process, just as sharing 
their ideas is part of the assessment process. These 
activities help to address the understandable concern 
about assessment taking time away from learning, 
since learning can be going on at the same time as 
formative assessment.

However, there is a more fundamental point 
here. There is plenty of evidence to show how 
learners can ignore empirical evidence and hang on 
to their existing beliefs (see White and Gunstone, 
1992, for some intriguing examples). Pupils may 
appear to accommodate new ideas but be resistant 
to letting go of their existing ideas. So the issue for 
teachers may be more to do with getting rid of old 
ideas than teaching new ones. Getting pupils to let 
go of their existing ideas is best achieved by getting 
them thinking carefully about why they hold their 
ideas and how much supporting evidence there is. 
Time spent in clarifying the ideas that pupils hold 
is an essential part of the process of getting them 
to consider alternative ideas seriously and change 
their ideas if necessary. In other words, this type of 
assessment makes learning in science more effective. 
That has to be a good investment of time.

A range of strategies and subject-specifi c 
examples
To meet this need we have collated material from 
sources such as White and Gunstone (1992), reworked 
examples that appear elsewhere to emphasise the 
assessment dimension (Wellington and Osborne, 
2001, for example) and created some new approaches 
of our own (Naylor, Keogh and Goldsworthy, 2004). 
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The range of strategies that we have found to be 
most valuable includes some which will be familiar 
to teachers of science, such as annotated drawings, 
card sorts and true–false statements. There are also 
other approaches that may be less familiar, such as 
deliberate mistakes, graphic organisers, odd one 
out and predict–observe–explain. Two examples of 
Active Assessment strategies are given in Box 1.

Providing an extensive set of Active Assessment 
strategies means that teachers have choices, so if 
one strategy doesn’t seem suitable for a particular 
lesson then it is likely that another one will be. It also 
helps to identify how assessment and learning can 
be integrated, by illustrating how this might happen 
in a range of topics. Variety is valuable for both 
teachers and learners. It promotes creative thinking 
and avoids lessons becoming routine. We have 
illustrated a wide range of approaches in science 
contexts, though in fact most of the strategies can be 
used equally successfully in other subject areas (see, 
for example, Keogh, Dabell and Naylor, 2007).

The end of the project 
The funded Active Assessment project comes to an 
end in July 2007. It has been a learning experience 
for us as well as for the teachers who have attended 
courses. Working with the teachers has enabled us to 
understand better what their concerns are, to make 
more sense of the Active Assessment principles, 
and to develop a clearer understanding of how these 
principles can be implemented in science lessons.

For example, we now have a much clearer view 
of the value of disagreement between learners as 
a starting point for learning. Although working 
towards consensus in discussion is valuable, it 
is disagreement or uncertainty that drives the 
discussion. When everyone agrees, what is there to 
discuss? Conversely, where learners have opposing 
views there is an obvious need to reason, to look for 
evidence and to find out more in order to reconcile 
their views.

We have become more convinced of the 
unmanageability of the teacher attempting to take 
pupils’ individual ideas into account. Any form of 
differentiation is a challenge for teachers, especially 
when classes are bigger than we would like and pupils 
are not always enthusiastic learners. To attempt 
to add on to this another layer of differentiation, 

adjusting activities according to the ideas that 
individual pupils hold, is out of the question in many 
circumstances. By contrast, involving pupils more in 
understanding and negotiating learning targets helps 
to make the process more manageable as they take 
more responsibility for their own learning. As one 
teacher recently described Active Assessment, ‘it 
helps to make learning more self-directed and more 
enjoyable’.

We also recognise that Active Assessment 
strategies don’t work on their own without some sort 
of suitable follow-up. For example, the true–false 
statements referred to earlier are really useful as the 
starting point for a lesson – but they aren’t the whole 
lesson. They may start the learning process in a very 
engaging way and indicate the way forward, but 
that learning process needs to continue for learning 
to be completed. Unless they are followed up by 
suitable activities in the rest of the lesson then their 
value is questionable. Where they are followed up 
appropriately they can make a substantial difference 
to how the rest of the lesson proceeds. This was 
highlighted by one teacher who noted that:

Active Assessment not only motivated students 
at all levels to reflect on the topic covered, 
but it has helped me to redesign starters and 
plenaries. 

Another teacher put this more bluntly:

For the first time I can see some point to lesson 
starters. You have given me hope! 

Feedback from many of the teachers that have been 
on the courses and who now use Active Assessment 
strategies in their teaching has been very positive. 
Many of them take the view that using Active 
Assessment strategies helps them to see how to 
integrate assessment, thinking and learning in their 
science lessons and makes assessment for learning 
more manageable – starting from where the learners 
are, rather than from where the learner is. Perhaps the 
most significant comment from course evaluations 
was from a secondary head of department, who 
said:

When I used the Active Assessment strategies 
I found that more pupils were thinking more 
of the time. The numbers varied from class to 
class, but typically I would say there was a shift 
from about 20% to about 70% of them thinking. 
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360Scienceis a new portfolio of qualifications from
Edexcel that encompasses GCSE Science, GCSE
Additional Science,GCSE Biology, GCSE Chemistry and
GCSE Physics, and is the only oneto offer BTEC First
Certificate & First Diploma in Applied Science … 
a specialist work-related qualification.

Edexcel•s 360Scienceputs the student at the centre
of a new world to be discovered. Its innovative
approach to teaching science is designed to excite 
and engage learners at all levels and abilities.

Edexcel is providing a suite of resources with Students• Books,
Teachers• Materials and interactive CD-ROMs all carefully
matched to the Edexcel lesson plans. These materials provide
exceptional planning, teaching, coursework, assessment and CPD
support that will make the whole experience relevant and
stimulating for learners and professionally rewarding for teachers.

Visit www.edexcel.org.uk/360sciencefor more details on 
the specification. A full introductory pack of resources is now
available for schools, call 0870 240 9813 or email
360science@edexcel.org.uk to order yours.

Open theirs
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The student centred curriculum


