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Feedforward
The following is general feedback informed by all the mini-research project write-ups I have marked over the nine years since I designed it.  It is in additional to the individual feedback I will give to each person on their write-up.  I thought it would be useful for you to see this BEFORE you set about writing your own papers, i.e. feedforward.  
Previous versions of your research project used different cell types, different inhibitors and different growth factors.  Therefore some points refer to components that you didn’t use, e.g. NGF, but I have retained them in this feedforward as they illustrate important principles.  

1. Experiments are experimental.  Do not get hung up on what the results ‘should’ be.  Describe what they ARE (in the results section), then consider what this means in the context of your aims & other published work (in the discussion). 

Look again at the guidelines on how to write up the report, given in Part I of the practical briefing. Remember that YOUR ANALYSIS OF THE DATA is central to the write up.  Follow the assessment guidelines on your practical handout.  The analysis is independent of knowledge about the factors or signaling pathways.  You can analyse the data thinking of a factor as Mickey Mouse or an inhibitor as Donald Duck.  In other words, analysis is independent of what you think you 'should' have found.  As I have made clear, what you have been doing is primary research.  There is no 'right' answer.  Nobody else has done the same experiment as you.  Any reading you do will inform the part of the Discussion where you consider the wider significance of your results, but it is the quality of your logic and analysis that is of most interest to me.
Many of you nevertheless peppered your results with lamentations that such and such a finding was not “right,” and many got so hung up on what “should” happen that they failed to adequately report what they had found.  Several of you had very interesting data that you attributed to ‘experimental error’ simply because you were doing too much ‘expecting’ and failed to keep an open mind.  Complete understanding will not be possible from these data alone, but they might provide a piece of the jigsaw and need to be properly described.  Once you have described your findings in the results, THEN you can discuss these in the context of other research, your aims/expectations, experimental errors/limitations – in the discussion.

2.
Write a ‘commentary’ in the results describing your data, referring in the text to your figures, which should have brief figure legends.  See the guidance notes in Part I of the practical briefing for how to write and structure a commentary, so that it stands alone as a story.
3.
Write clearly and succinctly; avoid unnecessary waffle.  A few of you fell into the trap this year of trying too hard to be comprehensive in your descriptions of results.  This can be counter-productive, resulting in an unintelligible and very repetitive paper, in which the key findings are lost in a swamp of unnecessary detail.  

4.
Describe your data – don’t overlook the obvious
Many of you launched into complicated analysis of minute changes here and there, of dubious significance, without first describing the general scene.  

(a) 
Day 0 vs control
For example, you could start by comparing your basal control with the starting cell number (Day 0). The significance of ‘Day 0 control’ was lost on many of you, as was the ability to distinguish between survival and proliferation to some extent.  
(When reporting the results, use the term ‘increase in cell number,’ or ‘decrease in cell number relative to….’ if you can’t tell whether differences result from proliferation or 
survival).  The Day 0 control is VITAL.  It allows you to have an index of the cell number at the start of the experiment, before the 3d incubation.  If after 3 days, the OD from your ‘control’ (basal medium alone) well is LOWER than the Day 0, then you have the opportunity to see effects of supplements such as FCS or GFs on SURVIVAL as well as PROLIFERATION.  If the control value is HIGHER than the Day 0 value, then your basal solution can support some proliferation without GF supplementation.  If this is too extensive, the augmenting effect of a specific GF added to basal solution may not be seen.  If your control value is the same as your Day O value, then the basal solution has maintained cell number without stimulating proliferation.  The experiments of each group were unique – slightly different cell number, different degrees of cell dissociation, varying degrees of cell stress!, different basal medium concentration, etc, etc.  All of these variables will shape your assay and make it unique, so the first thing to do is establish the basics – starting with a comparison of control and Day O.  All the experiments are different but all are valid.  You need to start by thinking about what is the nature of YOUR assay.  

If you knew by looking at your plates that your Day 0 control was not representative of cell number plated in test plates or you didn’t have a Day 0 value for any reason, state this and simply analyse your data in terms of relative cell number, comparing to control basal medium effects.  A great deal of useful info can be gained – the only difference is that without a Day O you cannot absolutely tell whether increased in cell number compared to control result from proliferation or increased survival, for example.  Therefore with no Day 0, instead of using the terms “proliferation”, “survival” etc to describe changes, use terms such as “increase in cell number relative to …”/”decrease in cell number relative to …”
(b) Compare the effects of the GFs alone

A GF might have no effect (not significantly different from basal control).  It might stimulate proliferation (value higher than Day O) or cell survival (value higher than basal control but lower or equivalent to Day O).  On the other hand it might INHIBIT baseline proliferation (value higher or equivalent to Day 0, but lower than basal control), or INHIBIT survival (value lower than Day O and basal control).  So you can include a whole section describing all this.  You should be able to conclude from your analysis certain findings shown by YOUR ASSAY (your expt is unique).  For example:

· GF x has no effect on 3T3 cell number compared to basal control
· 10% FCS stimulates a 250 ±16% increase in cell number compared to basal control
· GF y inhibits basal proliferation by 30 ± 4 %
· GF z stimulates 80 ± 3 % survival but not proliferation, 
etc, etc, etc, depending on what you found. 
5.
Don’t overlook conclusive findings just because they are not dramatic.
If a growth factor is having no effect on cell 3T3 cell number, that is a conclusive finding.  The conclusion is that it has no effect on survival or proliferation!  The same holds true for inhibitors.  If an inhibitor of a particular intracellular signaling pathway has no effect on a GF response, the conclusion is that that pathway is not involved in that GF response (under those particular conditions, concentrations).  A very important and significant finding.  Some of you had good clear data showing various degrees of increases in proliferation or survival, various degrees of inhibitor effect, dose dependent effects, etc, etc, then stated that the results were ‘inconclusive.’  This is wrong.  You ALL had several exceedingly conclusive findings that could be easily drawn.

6.
Be specific

Be specific about the magnitude of effects seen.  Rather than stating merely that FCS stimulated proliferation, state that it “stimulated a three-fold increase in cell number compared to cell number in control baseline medium,” for example.  Some of you were extraordinarily vague, reporting a 250 % increase and an insignificant 1% increase both as an ‘increase.’

7.
If you express a value as ‘% of basal control’, don’t forget to also express the value’s SE as ‘% of basal control’ along with it.

For example, if you are expressing an FGF2 effect as ‘cell number, % baseline control’, you should divide the FGF2 value by baseline (control) value and multiply by 100.  In the same way, you must divide the SE for the FGF2 value by the same baseline (control) value and multiply by 100 to determine the SE as a % too.  In other words, do exactly the same with the error for a value as you do with the value itself (you divide them both by the baseline control value and multiply by 100).

8.
The effect of GF + inhibitor must be compared to effect of inhibitor alone in basal medium
This was the most widespread error.   
If FGF2, for example, stimulates an increase in cell number and you are considering whether this increase is dependent on PI3K, it is not correct to simply compare the FGF2 value with the FGF2 + LY value.  You must take into account the effect of inhibition of PI3K on BASELINE value.  It may be that survival in basal medium is dependent on PI3K; if so, cell number in wells with LY in basal medium will be lower than cell number in wells with basal medium alone.  In this case, a value for FGF2 + LY that is lower than the FGF2 alone value might simply reflect the PI3K dependence of survival in basal medium, and NOT indicate that the effect of FGF2 is dependent on PI3K.  
In situations like this, where inhibitors reduce cell number in basal medium, one way to determine whether a lower value for GF + Inhibitor than for GF alone indicates a specific inhibition of the GF effect, is to express the GF alone value as a % of the baseline control, and the GF + Inhibitor value as a % of the Inhibitor alone control.  This allows you to determine the effect of the Inhibitor specifically on the GF response.  Each response is being expressed as a percentage of its appropriate control.

The best way to show the implications of doing this incorrectly is to consider a GF that has absolutely no effect on cell number (e.g. cells have no receptor for it), and an Inhibitor of a pathway “Z” that contributes to survival in basal medium.  It was clear from your results that the NGF had absolutely no effect on cell number, the cell number in the presence of NGF being exactly the same as in its absence (baseline).  Most of you also found that IZ inhibited cell number in the baseline control.  Because NGF had absolutely no effect, the cell number in the presence of NGF plus each of the inhibitors was exactly the same as the effect of the inhibitors alone.  Yes many, if not most of you concluded that inhibition of Z was inhibiting ‘the NGF response.’  If you had expressed the NGF value as a percentage of the baseline you would have got ~100 +/- x %, and if you had expressed NGF + Inhibitor value as a percentage of the Inhibitor alone value you would again have got ~100 +/- x %.  Clearly there is no significant difference between the two values, therefore NFG has no effect on cell number whether or not Z is inhibited.  Think about it.
So, to recap, it can be useful when comparing GF-alone-effects with GF+inhib-effects to express each value as % of its baseline control; for GF alone this is control with basal medium alone, and for GF+inhib it is basal medium containing inhib.   (Remember to express the SEM 
as % of the same control).  Only if these two “% baseline control” values are significantly different from each other can an inhibitor be said to have an effect on that GF response. NB…
NB **** However, do not ONLY present data as % of baselines etc.  You must present the actual ODs (x100) first; any % values that might help the interpretation should be used in addition, and only where necessary (usually when determining whether the effect of an inhibitor is specific to a GF response or not).  ****
9.
Determination of statistical significance should help but not DRIVE data analysis.

· The bulk of your data could be analysed without any need for determining statistical significance.  The general findings can be readily described without the need for Student’s t-test.  The only time you need to do one is if you see a decrease or an increase and you want to determine if it is SIGNIFICANTLY different from a certain SPECIFIED second value.  

· On the whole, the DEGREE of difference is more important than whether the difference is statistically significant.  For example if there is a 1% decrease in a value compared to another, it is not particularly worthwhile determining if it is statistically significant.  The overriding point is that there is not really any difference. If error bars of two values being compared overlap, those values are not significantly different from one another, and you don’t need to even bother finding the P value.  Showing that certain values are not significantly different may be just as important as showing that they are.  Some of you seemed to feel that values not different from control were somehow less important than those that were.  In one extreme case, the whole results section was written around the statistical significance, only values that were significantly different being reported with the rest more or less ignored!  

· So the message is: statistical significance calculations have only a supporting role in data analysis and are secondary to the overall shape of the findings.  You should certainly never mention statistical significance in any sub-headings. 

· Never report t-values

· Do not include separate tables reporting P values.  They are not a result in themselves, simply a tool to help you know whether gross changes you see are significant or not.

· Simply include symbols above bars or points on graphs, including in the figure legend the key to the symbol.  E.g. you might put *** above a certain bar, then include in the fig legend ‘*** = P < 0.005’. NB: YOU MUST ALWAYS INDICATE WHICH OTHER SECOND VALUE THE *** VALUE IS SIGNIFICANTLY DIFFERENT FROM.  E.g. “P<0.001 relative to cell number in basal medium” or “P< 0.05 relative to cell number with FGF alone”, etc, etc.  
· Never report P values that are not significant (ie greater than 0.05); simply state that the difference is N.S. or n.s.

10.
Make sure your figures clarify the findings

On the whole I was impressed with the quality of your figures.  A few points:

· Use an appropriate y-axis scale.  If your 10% FCS value is very high, very significant changes between other conditions plotted on the same graph will be impossible to see.   Move the 10% FCS to a different graph if this is the case.  Use common sense – you want your figures to clearly illustrate your findings.
· If you are plotting the effects of 1/10 dilutions on a line graph, use a common log scale on the x-axis, but remember to add on your zero value (log scales exclude 0).  If this is too difficult, use a histogram.  However, do not use a linear x-axis, or all the changes at the lower end of the range will be impossible to see.

· Do not use yellow lines, they are impossible to see.

