Year 9: Photosynthesis investigation


Links to ICT and Science enquiry YTOs

This lesson is designed as a guided investigation to help pupils develop and build on the following YTOs in ICT Organising and Investigating and Science enquiry. The lesson could be adapted to form part of the formal assessment of these YTOs in Year 9.

	ICT YTO
Organising and investigating
	Science enquiry YTO

	Year 7

In an investigation:

•
check data efficiently for errors;

•
investigate relationships between variables;

•
use software to represent data in simple graphs, charts or tables, justifying the choice of representation;

•
derive new information from data, e.g. averages, probabilities;

•
check whether conclusions are plausible;

•
review and amend the structure and its data to answer further questions.

Year 8

In an investigation:

•
use software options and formats to store, retrieve and present electronic material efficiently;

•
explore and interpret collected data in order to draw conclusions;

•
assess the consistency of the conclusions with other evidence.
	Year 7

Skills should include:

•
the selection and appropriate use of equipment to observe and measure;

•
describing and explaining what their results show when drawing conclusions;

•
evaluating the strength of evidence.

Year 8

Skills should include:

•
Use a range of first-hand experience, secondary sources of information and ICT to collect, store and present information in a variety of ways, including the generation of graphs.

•
Use appropriate range, precision and sampling when collecting data during a scientific enquiry, and explain why these and controlled experiments are important.

•
Draw conclusions from their own data and describe how their conclusions are consistent with the evidence obtained, using scientific knowledge and understanding to explain them.

•
Consider whether an enquiry could have been improved to yield stronger evidence (e.g. improving the accuracy or sufficiency of measurements or observations); explain any anomalous results.

Year 9
Skills should include:

•
Select and use appropriate methods for communicating qualitative and quantitative data.

•
Describe patterns in data; use scientific knowledge and understanding to interpret the patterns, make predictions and check reliability.

•
Describe how evidence or the quality of the product supports or does not support a conclusion in their own and others’ enquiries; identify the limitations of data in conclusions.


Background 

This lesson helps pupils to review their knowledge of the part played by carbon dioxide, light, heat and oxygen in the process of photosynthesis (QCA 9c). They should be familiar with a word equation for the process and should have considered photosynthesis in aquatic plants.

The traditional investigation with Elodea canadensis is often restricted to the late spring and early summer and it can be difficult to obtain a set of reliable results for the pupils to analyse purposefully. The use of the simulation allows pupils to investigate the effect of a range of variables on oxygen evolution, and to collect reasonably reliable data, providing sensible sample size and periods are chosen. 

An important aspect of this lesson is to encourage pupils to think about how an investigation should be approached. The simulation can be used to allow the pupils to carry out a preliminary trial in order to control relevant variables. They should consider how reliable and valuable data sets are obtained (sampling size, experiment duration) and appreciate when to repeat sets of measurements. You may wish to teach investigative planning skills at the start of this lesson, or intervene with individuals if they need particular support as they work through the materials.

	Title
	Investigation: How light affects the rate of photosynthesis

	QCA scheme
	Unit 9C Plants and photosynthesis

Science enquiry: pupils investigate photosynthesis in pondweed, controlling relevant variables.
	Duration:
	60 minutes

	
	This lesson helps pupils develop their science enquiry skills (planning, obtaining evidence, analyse results and evaluation) the work will be in the context of photosynthesis and will also allow pupils to review their understanding of this process.

	Learning outcomes
	In this lesson and homework pupils will have the opportunity to experience some or all of the following: 

•
plan an investigation based on preliminary trials;

•
obtain evidence and modify approach in the light of this evidence;

•
carry out a graphical analysis of the results obtained, identify errors and comment on the reliability of these results;

•
establish patterns in terms of how the rate of production of oxygen varies with light intensity;

•
use scientific knowledge to explain whether or not the results support the original prediction;

•
evaluate the experimental procedure.


Resources

	Software
	This lesson uses the Photosynthesis experiment simulation in Focus on Science Investigations 1 (Version original or 2), published by Focus Educational Software Ltd (www.focuseducational.com)

Microsoft Excel, or a similar spreadsheet package, should be used for entering and processing results and plotting graphs. Lines of best fit should be drawn by hand.

Note to non winzip users

Please download winzip from the following location to ensure efficient access to resources:

http://www.winzip.com

	Hardware
	ICT suite with enough computers for pupils to work in pairs.

Network printer.

Interactive whiteboard, or other large-screen presentation facility.

	Other
	The following resources are provided for you to download and use with your pupils as you wish. They may be freely adapted to suit your purposes. The results spreadsheets are available for you to give differentiated support to pupils who need help with results tables, calculations and graph plotting.

•
ScL4Y9 Photosynthesis WS.doc – A pupil worksheet (Microsoft Word) containing instructions on how to use the software and ideas on carrying out and analysing the investigation. (copy for original and 2nd edition)

•
ScL4Y9 Photosynthesis 1.xls – An Excel spreadsheet containing headings and formatting for entering and calculating results, but no formulae or graph. Pupils will be expected to enter their own formulae and use Chart Wizard to plot their own graphs.

•
ScL4Y9 Photosynthesis 2.xls – An Excel spreadsheet containing headings, formatting and formulae for results, but no graph. On entering raw data, calculations will be performed automatically but pupils will be expected to use Chart Wizard to plot their own graphs.

•
ScL4Y9 Photosynthesis 3.xls – An Excel spreadsheet containing headings, formatting, formulae and an automated graph. Pupils will be expected to enter their raw data but all calculations and graph plotting will take place automatically.


Lesson plan


	Outline
	Time

	Starter activity
	Brainstorm the factors involved in photosynthesis, on a whiteboard or interactive whiteboard (if available). Show how these ideas are linked by creating a concept map.

Ask ‘what if..?’ questions to introduce the idea that the factors are interdependent, e.g:

•
What would happen to the rate of photosynthesis if the amount of carbon dioxide was reduced?

•
What would happen to the rate if the temperature was changed? 

(This could be related to optimum temperature – used in the pupils’ investigation as they control this variable. A preliminary trial could be used as part of activity 1, to establish the best temperature setting for the investigation.)

Explain why oxygen production can be used to measure the rate of photosynthesis.

Explain that photosynthesis operates in the same way in all plants. In experiments water plants are used because it is easier to control conditions and collect the gases evolved.
	10 minutes

	Teaching activity 1
	Demonstrate how to start the Photosynthesis simulation from the resource ScL4Y9 Focus Demo (also available on the Focus on Science Investigations CD-ROM). Use a data projector or interactive whiteboard if one is available.
	5 minutes

	Discussion
	Why would changing light intensity affect the rate of photosynthesis?

Relate this to different energy levels.

Produce a prediction of the relationship between the two variables.

What other factors need to be controlled in order to check the prediction? (It is possible to use simulation to carry out a quick preliminary trial as part of the demonstration of the software.)
	5 minutes

	Teaching activity 2
	Pupils work in pairs to plan an investigation based on the simulation, to show if changing light intensity affects the rate of photosynthesis. The simulation gives guidance for this activity. Pupils should ensure that there is a suitable range of light intensity, variables are controlled and that there is a suitable recording procedure.
	10 minutes

	Teaching activity 3
	Pupils work in pairs carry out their investigation. Again the simulation gives advice with regard to obtaining evidence and its subsequent analysis
	20 minutes

	Plenary
	Organise short feedback from each group. Give each group one of the following points to comment on:

•
why it was important to control the extraneous variables;

•
whether their prediction agreed with their results;

•
how reliable they thought the simulation was; 

•
how they could improve their experiment.
	10 minutes

	Assessment
	The lesson provides an opportunity to assess pupils’ Sc1 (Science enquiry) skills. This could be on the basis of a whole investigation or assessment of the individual strands. For example: Throughout the lesson note how pupils adapt and perform their investigation, record and interpret their findings. 

As a follow-up to this lesson pupils write a report, which:

•
explains a graphical analysis of the results; 

•
identifies any patterns between the variables investigated; 

•
identifies and explains errors;

•
evaluates procedures and suggests improvements.
	

	Further activities
	The simulation offers possibilities for teaching individual investigative skills as well as performing a whole investigation.

The range and number of settings used on each ‘variable slider’ provides some useful teaching points.
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