Template for [CE] - Conclusion and Evaluation 

The examples in blue concerning the practice egg experiment show what the IB would expect in this section of a lab report.

Conclusion:  

	Explain how the data which was collected in this lab investigation answered the question stated in the Aim
	Explain how the results either confirmed the hypothesis or refuted the hypothesis.
	Describe any unexpected results - were there any outliers in the data or surprises?
	If you have not already done so, explain what can be learned from the results.  This is where you can usually connect the theory from class with the lab work.  

	The eggs which were placed in a concentrated sugar solution decreased in volume (due to a net loss of water) whereas the eggs placed in pure water increased in volume (due to a net gain in water)
	(Example: The hypothesis was that both eggs would absorb water and become bigger.) 

The hypothesis was refuted by the data collected during this investigation because only the pure water solution generated an increase in volume for the egg.  
	Some unexpected results were seen during this investigation. One group reported an increase in volume whereas the solution used was not the pure water. [Here you should cite an example from the results tables or graphs].  Also, although eggs of the same size were used and the same solutions were used, there was a relatively wide range of volumes at the end, indicating that there may be some sources of error.
	Osmosis is the process of water passing through a semi-permeable membrane from an area of low solute concentration to an area of high solute concentration.  Since the concentration of water was different on either side of the membrane, water moved up the solute concentration gradient.  

For example, this investigator's group found that water went from the egg into the sugar solution by osmosis.  


Evaluation: [in this section, you want to find three to five interesting and important sources of error which are unique to this investigation]
	Describe the source of error.
	Explain how it could adversely affect the results.
	Evaluate how serious it is (minor / moderate / major) with a justification of why.
	Describe how the method or materials could be modified to improve the investigation.

	1) Some eggs showed signs of white shell still on them due to the fact that the vinegar had not completely dissolved all of the shell.


	The zones covered by the shell would not allow water molecules to pass easily through the membrane thus slowing down the process of expansion or shrinking of the egg.
	This is a relatively minor source of error because such white zones only covered a small percentage of the surface area and were thin enough that water could probably get through anyway.
	According to the  page “Properties of vinegar” on the site www.apple-cider-vinegar.com, vinegar typically has a pH of 2.4.  Using a stronger acid, such as  hydrochloric acid would speed up the process of removing the shells and not leave any traces. 

	2) When measuring the volume of the egg using Archimedes principle of displaced water, not all of the water went into the graduated cylinder as planned - some spilled over into the sink.
	This would result in the value of the volume of the egg being smaller than it really is. 
	The seriousness of this error depends on how much water spills out.  In some trials, it was only a few drops but in others it seemed to be many ml of water.  It can be estimated by eye that the amount of spilled water was only a small percent of the water recovered (a few ml out of about 80) so this would be a relatively minor source of error
	since most of the spillage happened when the egg was dropped in, perhaps a system of attaching a thread around the egg and lowering it in very slowly would reduce this source of error by allowing the water to flow into the graduated cylinder slowly without spilling. Otherwise, instead of measuring the volume, we could measure mass before and after.  

	3) Some eggs broke as they were being removed from the beakers.


	Only the “before” volume would be known, not the “after” volume.
	This is a major source of error because only a comparison of “before” and “after” will allow any conclusions to be drawn.
	Since the solution is not needed any more, it could be siphoned off with a pipette and the egg could be gently rolled out. 

	[… there are other sources of error which can be explored…]

	
	
	


Note that quality is more important than quantity.  Write in a concise but precise style and stick to the point.  Three well-evaluated sources of error it is better than seven which are simply described.  However, if you miss out on the most obvious or serious source of error for a particular lab, you may not reach full marks.    

How should the above tables in this template be used?  These should be filled out for each lab report which is assessed for [CE] as a way of making sure you address all the important aspects of a conclusion and an evaluation.  When these two tables are complete, copy and paste the blue text into your lab report and then proofread to make sure it all makes sense and flows nicely in a well-presented way.  

