Concluding – Aspect 1 (Conclusion and Evaluation)

The conclusion starts with one (or more) paragraphs in which students draw conclusions from results, and state whether or not the conclusions support the hypothesis.  The conclusion should be clearly related to the research question and the purpose of the experiment.  Students must also provide a brief explanation as to how they came to the conclusion from the results.  In other words, sum up the evidence and explain observations, trends or patterns revealed by the data.
 
When measuring an already known and accepted value, students should indicate their confidence in the result by comparing the experimental value with the textbook or literature value. The literature consulted should be fully referenced.
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Evaluating Procedures – Aspect 2 (Conclusion and Evaluation)

The design and method of the investigation must be commented upon as well as the quality of the data.  Students should consider how large the errors or uncertainties are in the results.  How confident are they in the results?  Are they fairly conclusive, or are other interpretations/results possible? 
 
Identify and discuss significant errors and limitations that could have affected the outcome of the experiment.  See the pages on statistics and graphing for help in determining significance.  Were there important variables that were not controlled?  Were there flaws in the procedure which could affect the results?  Are measurements and observations reliable?  Was there a lack of replication?

Emphasis in this section should be on systematic errors, not the random errors that always occur in reading instruments and taking measurements.  Identify the source of error and if possible, tie it to how it likely affected the results. 
 
Acceptable Example: 
“Because the simple calorimeter we used was made from a tin can, some heat was lost to the surroundings—metals conduct heat well.  Therefore, the value we obtained for the heat gained by the water in the calorimeter was lower than it should have been.”

Unacceptable Examples:  
"The test tubes weren’t clean.”
“Human error.”
 
Students must not only list the weaknesses but must also appreciate how significant the weaknesses are. Comments about the precision and accuracy of the measurements are relevant here. When evaluating the procedure used, the specifically look at the processes, use of equipment and management of time.
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Improving Investigations – Aspect 3 (Conclusion and Evaluation)

Suggestions for improvements should be based on the weaknesses and limitations identified in aspect 2.  Modifications to the experimental techniques and the data range can be addressed here. The modifications proposed should be realistic and clearly specified. Suggestions should focus on specific pieces of equipment or techniques used.  It is not sufficient to state generally that more precise equipment should be used. Vague comments such as “I should have worked more carefully” are not acceptable.
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My hypothesis was supported by my results, which show that a high salt concentration
results in a longer time for the hypocotyl to form. The effects of salt concentration were
significant on the time it took for the hypocotyl to form. A higher salt concentration meant that
the bean would take longer time to form its hypocotyl. The mean times for the hypocotyl to form
are 31 hours, 36 hours, 41 hours, 43 hours and 50 hours for salt concentrations of 0.000 mol L,
0.017 mol L™, 0.034 mol L™, 0.051 mol L™, and 0.068 mol L™ respectively. The mean times for
the hypocotyl to form increased 19 hours from the lowest level of the manipulated (0.000 mol L
') to the highest level (0.068 mol L™*). The error bars in Figure 1 represent standard deviation.
The error bars of the first data set do no overlap with the error bars of the last data set. The last
three data sets appear to overlap but all error bars seem higher than that of the previous data set. I
concluded that there was a significant difference in the means of the control group and the
highest level of the manipulated data . T also concluded that there was something more than
chance, which was the manipulated variable, that caused this difference. Lastly, the ANOVA
confirmed my results from the standard deviation calculations, My p-value was 0.000, which is
less than 0.05. Thus, the null hypothesis was rejected and 1 concluded again that there was a
significant difference between the means compared.

M. Ashraf and E. Rasul carried out a similar experiment of finding the salt tolerance of
Vigna radiate at two growth stages: They published their findings in a report found online. They
concluded that “increasing salt concentration significantly reduced the percentage of
germination” and that “Vigna radiata is very sensitive to salt” (Ashraf and Rasul, 1987). Ashraf
and Rasul observed that the high sensitivity of mung beans to salt was apparent from the
germination stage from how increasing salt concentration had an adverse effect on the amount of
beans that germinated in each petri dish (Ashraf and Rasul, 1987). This is because salt reduced
the amount of water absorbed by the seed as certain ions, including NaCl, had an effect on the
mung beans (Ashraf and Rasul, 1987).
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In general, T am not very confident in my results. The space heater generated a (Erorr 1) non-
negligigble breeze that may have increased transpiration rates by displacing humid air from the
surface of the plants’ leaves, thereby increasing the humidity gradient between the leaf’s interior and the
external environment and the rate of diffusion of water away from the plants’ leaves. Additionally, the
space heater’s breeze of warm air may have damaged the cells of plants near the space heater to the
point that the plants’ transpiration rates dropped.

The process for evaluating the transpiration rate of each plant was also relatively complicated — it
was (Error 2) difficult to accurately tie up plants such that only their leaves protruded from the
plastic wrap, and some plants may have lost water and mass in this fashion as opposed to through
transpiration. This would have resulted in error that inereased the plants® observed transpiration
rates. No effort was made to ensure that the plants used for each level of the manipulated variable were
genetically similar, and (Error 3) genetic differences between the plants may therefore have played a
significant role in determining the transpiration rate of each plant, perhaps resulting in inherently wider

or narrower stomatal openings that would respectively inerease or decrease transpiration rates.
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Table 4: Errors and Limitations

Errors and their Effects

Improvements

The act of measuring: An uncertainty of 6
hours is very high. The beans were only check
every 12 hours. This meant that a bean’s
hypocotyl could have been just short of 3mm
for me to have counted it as having formed a
hypocotyl. The bean’s time would have been
recorded during the next time the beans were
checked, adding 12 whole hours to the time it
took for the hypocotyl to form with in reality,
it may have taken only 2 more hours for the

hook to form.

Data should be collected every two hours. This
would result in data with a uncertainty of 1
hour rather than 6 hours. The actual time it
took for the hypocbtyl to form would be more
accurate, leading to either higher or lower

amounts of times recorded.





