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THESE ORIGINAL AND INSPIRING ACTIVITIES FROM DR JOANNA RHODES
COULD GO A LONG WAY TOWARDS PREPARING YOUR STUDENTS FOR THE

NEW CHALLENGES OF KS4 SCIENCE FROM SEPTEMBER 2014.....
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LESSON
PLAN

STARTER ACTIVITY

THOUGHT 
EXPERIMENTSWHY 

TEACH
THIS?
Across the curriculum at
Key Stage 4 students are
increasingly required to
apply their knowledge of
key concepts to new and
unfamiliar scenarios. This
lesson is designed to help
you to plan ahead for the
new school year. Prepare
now for the perfect
opportunity to start with
skills that will aid
comprehension of
examination questions and
coursework activities and
help your students to
approach these in a coherent
and organised way. 

Exam questions, coursework and ISAs require our students to have
skills of analysis and comprehension. They also need to demonstrate
an understanding of how to think scientifically and plan experiments.
With the inclusion of “Working Scientifically” in the new programme of
study for science [Additional Resource 1] these concepts are staying
with us. But when and how do you plan skills into the scheme of work?
At my school this year we have decided to focus the first half term of
Key Stage 4 completely on skills. This lesson plan shares some of the
strategies we will be using.

I have divided “thinking scientifically” into i) the scientific method,
designing and interpreting an experiment; and ii) thinking scientifically
to apply your knowledge and understanding to answer examination
questions including those that require an extended response with
good quality of written communication. The skills developed are
applicable to all three sciences and cross-curricular links are very
strong, especially with the other core subjects: maths and English. The
activities present an opportunity to look at science in the media to
encourage students to form opinions including on climate change,
pollution and managing our planet’s natural resources. Supporting
courses are available for teachers including “Thinking Scientifically”,
provided by the Science Learning Centres [AR 2].

Variable Vocabulary
There is research to show that

children have a natural ability to

think scientifically and even young

children have been observed to

isolate different variables for testing

[AR3]. Nurture and extend this

innate ability by teaching students

to grasp the required terminology

to describe or interpret their

experiment. I have found it helpful

to teach students a single form of

words for a hypothesis that

incorporates the variables into it.

For example “If I change the

independent variable I will measure

a change in the dependent
variable and to make it a fair test I

will keep the control variables the

same”. 

Students can then be presented

with a number of scenarios and

asked to give a hypothesis and

variables for each. For example

‘design an experiment to

investigate a factor affecting the

height a ball bounces’ becomes:

“If I change the type of ball I will

measure a change in the height
that the ball bounces. To make it a

fair test I will keep the height I drop
the ball from the same each time.”

Ask students to try to write the

hypothesis and variables for the

following (with increasing difficulty

to aid differentiation):

1. An experiment to investigate the

relationship between surface area

and heat lost

2. An experiment to investigate the

effect of concentration on the rate

of a chemical reaction

3. An experiment to investigate the

relationship between the resistance

of a bulb and the current

4. An experiment to investigate a

factor that affects the germination

of cress seeds.

5. An experiment to investigate the

relationship between the type of

sugar and the rate of respiration 

of yeast.
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MAIN ACTIVITIES

1. Getting practical
Use the hypotheses and variables
from the starter activity for this
twist on designing a practical
experiment. Ask each group of
students to provide a step-by-step
written method for another group
to use. The students designing the
experiment should practise on the
equipment and should ensure that
there is enough detail in their
method. They should consider
whether a diagram is necessary
and could carry out preliminary
experiments. For example, if
quantities are needed, what would
be suitable to give good results?
Once they have planned the
experiment they should provide
the hypothesis, variables,
equipment list, risk assessment
and step-by-step method to
another group to attempt.  

Ask each group to fill in a
feedback sheet rating the
experiment they have completed
for clarity, ease of following
instructions, quality of results and
suitability of equipment. This adds
a new perspective when they are
writing their own methods in
coursework, ISAs or examinations.
It also means that a number of
standard practicals can be
experienced and shared in one
classroom. To extend students
further why not select the best
instructions for a front of class
demonstration with the writing
team providing a commentary as
the practical team carry out the
experiment? You could even film
these demos as instructional
videos to help future students
prepare for coursework and ISAs.

2. “But we haven’t
been taught that?”
All teachers will be familiar with the
frustration felt when a student
comments, “but we haven’t been
taught that”. Exam questions are
increasingly using novel and
unrecognisable scenarios for
students to apply their knowledge.
Examples I have encountered
include: how to power an Antarctic
research station; how to use
geothermal energy from Iceland to
power the UK; how to use
technetium-99 to diagnose kidney
failure; how to use graphene as a
new surface for mobile phone
screens; applications of 
self-healing polymers in space
exploration; and the different
proportions of isotopes found on a

ADDITIONAL
RESOURCES
[AR1] PROGRAMME OF STUDY FOR SCIENCE
KS4, DEPARTMENT FOR EDUCATION
tinyurl.com/tsthinkscience
[AR2] SCIENCE LEARNING CENTRE COURSES
tinyurl.com/tsthinkscience3
[AR3] SCIENTIFIC AMERICAN
tinyurl.com/tsthinkscience2
[AR4] OCR EXAM TECHNIQUE AND
COMMAND WORDS
tinyurl.com/tsthinkscience4
[AR5] AQA COMMAND WORDS

STRETCH THEM FURTHER
WHAT’S TRENDING?
STUDENTS NEED TO BE CONFIDENT IN
DRAWING AND INTERPRETING TABLES,
GRAPHS, BAR CHARTS AND PIE CHARTS. IN
THIS ACTIVITY GIVE EACH GROUP A TABLE
OF DATA. USE LARGE A3 GRAPH PAPER AND
ASK STUDENTS TO SELECT THE MOST
APPROPRIATE WAY TO PRESENT THE DATA.
TRY TO ENSURE THEY HAVE A MIXTURE OF
CATEGORIC AND CONTINUOUS DATA, THE
ODD ANOMALOUS POINT AND DATA THAT
NEEDS A LINE OF BEST FIT AS WELL AS
DATA THAT SHOWS A TREND OVER TIME. 

IT IS EASY TO DIFFERENTIATE THIS
ACTIVITY BY PROVIDING MORE
CHALLENGING DATA FOR GROUPS WITH
GIFTED AND TALENTED PUPILS. YOU
COULD ALSO GIVE YOUR MOST ABLE
STUDENTS AN INCOMPLETE TABLE THAT
REQUIRES THEM TO SPOT ANOMALOUS
DATA AND LEAVE IT OUT OF THE
CALCULATION OF THE MEAN FOR EACH
DATA POINT. IN THE SECOND PART OF THE
ACTIVITY PASS THE TABLES AND DATA TO
ANOTHER GROUP WHOSE TASK IS TO
DESCRIBE THE PATTERN OR TREND SHOWN
BY THE DATA SHOWN. INTRODUCE KEY
TERMINOLOGY SUCH AS LINEAR AND 
NON-LINEAR CORRELATION, AND POSITIVE
AND NEGATIVE CORRELATION. MORE ABLE
STUDENTS COULD COMMENT ON THE
GRADIENT OF A GRAPH AT THE START,
DURING THE EXPERIMENT OR AT THE END
AND EXPLAIN WHAT THIS CHANGE IN
GRADIENT REPRESENTS. FOR EXAMPLE IN
AN EXPERIMENT SHOWING THE PROGRESS
OF A CHEMICAL REACTION THE GRADIENT
WOULD SHOW A HIGH INITIAL RATE
LEVELING OFF AS THE RATE SLOWS UNTIL
THE REACTION STOPS COMPLETELY.

INFORMATION
CORNER

I command you!
Exam boards usually provide lists of the “command words” used in
examination questions and what they mean [AR4] [AR5]. This can be
crucial in an examination when missing information, particularly on an
extended response question could restrict the level of the answer and
therefore the marks, even if the answer itself is very detailed. An
example is the word “evaluate” where pros, cons and a justified
conclusion are required. 

Get students moving and practising basic commands on each other.
Use benches or desks to set up a maze in the classroom. A team of
students have to guide one of their team blindfolded through the
maze using only verbal commands. After this practice set up a grid on
the classroom floor placing laminated coloured cards with command
words on the top and a science question underneath and let the team
negotiate their way across the classroom taking it in turns to answer
the questions and moving forward or sideways. Are some command
words easier than others? Good examples to work on include,
evaluate, describe, explain, show that, suggest and compare.

SUMMARY

then swap them back again for
marking. When completed you also
have a ready-made set of
resources and mark schemes that
need minimal editing to use with
another class. Compilations of
questions from a number of classes
can be stored and used in the run
up to exams to encourage students
to think outside the box and look
for concepts they are familiar with
in even the most obscure exam
questions or scenarios.

comet. Of course it would be
impossible to predict the multitude
of scenarios that science could
present so as teachers we have to
get better at preparing students to
apply their knowledge. 

For this activity you need as
many scientific articles as you can
find – they could be from New
Scientist, Scientific American, the
BBC science website, or the press.
The more recent the better as this
can spark the greatest interest
from students. Working in small
groups students should select an
article and design a set of ten
challenging questions about the
article and a mark scheme of
answers. Some of the questions
should be comprehension
questions; others should rely on
students linking a concept from
topics they have studied. Students
could also use command words in
their questions (see ‘summary’,
below). Once complete, students
can exchange questions and
articles with another team, and

Dr Joanna L. Rhodes
M.Chem, D.Phil, MRSC is a
teacher of science at Shelley
College, Huddersfield.

ABOUT OUR EXPERT

Lesson plan Science 3.5_Layout 1  16/06/2014  10:28  Page 2


	046
	047


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (ColorMatch RGB)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (ColorMatch RGB)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


