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Embedding assessment to 
improve learning
Mary Whitehouse

ABSTRACT  The traditional plan of teaching science content and then deciding at the end what to 
ask in an examination is challenged in this presentation, which starts the planning at the other end 
of the process. The intention is to consider the topic, decide what children should know and be able 
to do by the end, then structure the teaching, with assessment taking place throughout so that 
successful outcomes can be achieved.

The York Science project is developing questions 
and tasks that will provide evidence of learning 
for all the key ideas in key stage 3 (ages 11–14) 
science. We believe that these assessment items 
can support teachers in two ways:
l	 when used in the course of a lesson, the tasks 

and questions will provide information about 
where the students are in their learning and 
what should happen next in the lesson;

l	 thinking about the assessment items to be 
used in a lesson first helps clarify the learning 
intentions of the lesson.

Embedding assessment in planning

Writing learning intentions for a scheme of work 
is not enough, it is the questions and tasks that 
show what we would want students to do as a 
result of the learning that make the intention clear.

With a new programme of study for key 
stage 3 just published (Department for Education, 
2013), teachers will be rethinking their key stage 3 
schemes of work. How would you approach this if 
you want to embed assessment in your planning? 
Figure 1 shows the York Science approach to this.

Figure 1  A planning process that focuses on evidence of learning
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How would this look in practice? The programme 
of study (Department for Education, 2013: 8) has a 
section headed ‘The particulate nature of matter’ for 
which it states that pupils should be taught about:
l	 the properties of the different states of matter 

(solid, liquid and gas) in terms of the particle 
model, including gas pressure

l	 changes of state in terms of the particle model.

We begin by writing a learning intention:
Understand a basic particle model of matter that 
can explain states of matter and changes of state.

(This intention does not cover gas pressure; this 
will be covered by a separate learning intention.)

But how will we know that students 
understand the particle model of matter? And what 
do we mean by understand anyway? The only way 
we can know what understanding students have is 
by finding out what they can do.

The next stage is thus to describe the things 
we want students to be able to do at the end of this 
teaching sequence to show that they understand 
a basic particle model of matter that can explain 
states of matter and changes of state. For example, 
students will be able to:
l	 describe the main features of the particle model;

l	 identify limitations in representations of the 
particle model;

l	 use the model to explain characteristics of 
substances in the solid, liquid and gas states;

l	 use the model to explain changes of state.
Next we collect together tasks and questions 

for each of these evidence of learning statements; 
we call these ‘evidence of learning items’ (ELIs). 
Writing these items helps clarify the learning 
intentions and evidence of learning statements, 
and may lead to editing of those statements.

Once you have clarified your learning 
intentions in this way, you are in a position to plan 
the teaching that will bring about the learning you 
are looking for.

Diagnostic questions

The best kinds of questions and tasks to use in 
formative assessment are those that not only tell 
you which students have some understanding of the 
idea but that also give you some information about 
the thinking of those who have not yet gained a 
scientific understanding. We call these diagnostic 
questions. Figure 2 shows such a question.

The question in Figure 2 was developed for 
the Assessing Students’ Concept of a Substance 
project at Durham University (Johnson and 

Figure 2  A diagnostic question to explore students’ understanding of the particle 
model of matter
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Tymms, 2011). The questions in this research 
were answered by over 1000 secondary school 
students; for this question, only 21% of the 
sample correctly selected C. The most attractive 
choices were A (31%) and B (30%). Using this 
question would reveal to the teacher that, although 
students may talk about a solid made of particles, 
the idea of empty space (nothing) between the 
particles is challenging. Those choosing air (A) 
want ‘something’ to be there and are not thinking 

that air is also particulate. ‘Solid’ copper (B) 
is consistent with a model of particles being 
embedded in the continuous substance.

Another project that has informed the 
development of the questions and tasks in York 
Science is the EPSE (Evidence-based Practice 
in Science Education) project (Millar et al., 
2002). The question in Figure 3 from the Electric 
Circuits topic will give teachers information about 
students’ understanding of electric circuits. Asking 

Figure 3  Diagnostic question to explore students’ understanding of 
electric circuits
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students to work in small groups to decide on an 
answer and explanation will give the teacher an 
opportunity to eavesdrop on the discussion and 
find out about the students’ thinking.

Questions such as these are written using 
research evidence about students’ understanding; 
there are many such questions in the York Science 
resources. They are useful at the beginning of a 
sequence of teaching to find out where learners 
are in their understanding, or to check on progress 
during a lesson.

We would agree with Dylan Wiliam’s 
(2011: 79) statement:
I suggest there are only two good reasons to ask 
questions in class: to cause thinking and to provide 
information for the teacher about what to do next.

Writing explanations

A student who understands an idea well can 
explain it to others. Figure 4 shows a task where 
students have to choose the correct statements 

Figure 4  Diagnostic question to explore students’ understanding of the ‘passive eye’ 
model of vision
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to construct an explanation of how we see. The 
incorrect statements are based on statements 
made by students trying to explain how we see to 
researchers (Guesne, 1985).

This style of question can be used for a variety 
of explanations that students might be expected 
to give. It would be easy for a teacher to see who 
had the correct explanation by the pattern of the 
arrows on the page.

Backward design

This approach to designing a course, a teaching 
module or a lesson has been described as reverse 
engineering or ‘backward design’. It can be 
summarised thus:
l	 begin by writing a set of questions and tasks 

that would provide you with evidence that a 

student had (or had not) achieved each of the 
learning intentions;

l	 only then start to plan activities and a teaching 
sequence to help students learn what they need 
to learn to do such questions and tasks.

There will be a full article about the backward 
design approach in the March 2014 issue of 
School Science Review.

Teachers and others have reacted very 
positively to the approach; indeed, after hearing 
about the project at the January 2013 ASE Annual  
Conference a local authority adviser wrote that:

the key strength of the approach is that it puts 
assessment for learning right at the heart of the 
planning process and therefore at the heart of the 
teaching.

References

Department for Education (2013) National Curriculum 
in England. Science Programme of Study: Key Stage 3. 
Department for Education. Available at: www.gov.uk/
government/uploads/system/uploads/attachment_data/
file/239134/SECONDARY_national_curriculum_-_
Science.pdf.

Guesne, E. (1985) Light. In Children’s Ideas in Science, 
ed. Driver, R., Guesne, E. and Tiberghien, A. pp. 10–32. 
Milton Keynes: Open University Press.

Johnson, P. and Tymms, P. (2011) The emergence of a 
learning progression in middle school chemistry relating 
to the concept of a substance. Journal of Research in 
Science Teaching, 48(8), 849–984.

Millar, R. with Leach, J., Osborne, J., Ratcliffe, M., 
Hames, V., Hind, A., Bartholomew, H., Collins, S., 
Lewis, J., Scott, P. and Duschl, R. (2002) Towards 
evidence-based practice in science education. School 
Science Review, 84(307), 19–33.

Wiliam, D. (2011) Embedded Formative Assessment. 
Bloomington, IN: Solution Tree Press.

Websites

Assessing Students’ Concept of a Substance project: www.
esrc.ac.uk/my-esrc/grants/RES-000-22-1460/read.

York Science: www.yorkscience.org.uk.

Mary Whitehouse is a member of the University of York Science Education Group and is joint Project 
Director for Twenty First Century Science and for York Science. 
twitter.com/MaryUYSEG. Email: mary.whitehouse@york.ac.uk

Embedding assessment to improve learning	 Whitehouse

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/239134/SECONDARY_national_curriculum_-_Science.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/239134/SECONDARY_national_curriculum_-_Science.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/239134/SECONDARY_national_curriculum_-_Science.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/239134/SECONDARY_national_curriculum_-_Science.pdf
http://www.esrc.ac.uk/my-esrc/grants/RES-000-22-1460/read
http://www.esrc.ac.uk/my-esrc/grants/RES-000-22-1460/read
http://www.yorkscience.org.uk/
http://twitter.com/MaryUYSEG
mailto:mary.whitehouse@york.ac.uk

