Statistical Analysis
How do we know if it works?
Group workbook:
Cartoon from XKCD.com. Subscribe! http://www.xkcd.com/552/

Significant Concepts
We structure the presentation and processing of data to suit the function of clear communication and
interpretation
By understanding the relationship between raw and processed data and between mean and standard
deviation we can determine the significance of change.
Assessment Statement (You should know - You need to do)

Obj.

1.1.1 State that error bars are a graphical representation of the variability of data.
● These can show range, standard deviation or 95% confidence intervals.

1

1.1.2 Calculate the mean and standard deviation of a set of values.
● Using your TI Inspire (for the exam)
● Using Excel (for labs)

2

1.1.3 State that the term standard deviation is used to summarize the spread of values around the
mean, and that 68% of the values fall within one standard deviation of the mean

1

1.1.4 Explain how the standard deviation is useful for comparing the means and the spread of data
between two or more samples.
● A greater standard deviation means a greater spread of data around the mean.
● This can be used to infer variability.

3

1.1.5 Deduce the significance of the difference between two sets of data using calculated values
for t and the appropriate tables.
● Use the value of t (given) from a table, comparing it to critical values
● Use the =TTEST function in Excel to get to the P value

3

1.1.6 Explain that the existence of a correlation does not establish that there is a causal
relationship between two variables.

3

Extension:
● SL/HL Maths: How is standard deviation calculated and why do we do it this way?

Statistical Analysis
Understand:
We structure the presentation and processing of data to suit the function of clear communication and
interpretation
By understanding the relationship between raw and processed data and between mean and standard
deviation we can determine the significance of change.

Know:
● How to calculate mean and
standard deviation (s)
● s is a measure of the spread of a
set of data
● Error bars can represent variability
of data (STDEV, 95% confidence)
● t-tests determine the significance of
a difference between means
● correlation does not imply causation

Do:
● Calculate mean & standard
deviation using Excel & TI Inspire
● Plot and interpret custom error bars
on a graph in Excel
● Determine the significance of the
difference between two means using
○ Excel (P values)

Standard Deviation is used to summarise the spread of the values around the mean.
● 34% of data is one s above the mean, 34% below (68% within ± 1s)
● A large value for the standard deviation means that data are more spread
● This can suggest reliability of data
● It could be used to determine if a single data point is outside the ‘normal’ range

http://en.wikipedia.org/wiki/Standard_deviation

Compare the standard deviations for the class set of data on the Classification quiz before and
after the classes. What inferences can you make? Are there any data outside the ‘normal range?

Extension: if you want to know more, click here.

Simple Stats with the TI 83/84
Follow these instructions:
● http://click4biology.info/c4b/1/gcStat.htm
Complete the steps for these two sets of data. Make
sure your answers match with these Excel results (if in
doubt, check on Excel):

3.2
32
150
2.299
2.18

http://click4biology.info/c4b/1/gcStat.htm

Mean

Standard deviation

Simple Stats with the TI Nspire
Follow these instructions:
● http://mathbits.com/MathBits/TINSection/
Statistics1/Spreadsheet.html
Complete the steps for these two sets of data.
Make sure your answers match with these Excel
results (if in doubt, check on Excel):

(3.2)

(2.299)

http://mathbits.com/MathBits/TINSection/Statistics1/Spreadsheet.html

Excel Formulas to Remember
Look in the cells for the descriptive statistics used in this
class task.
State the formulas for:

Mean: “=
Standard deviation: “=
To calculate 95% confidence:
=CONFIDENCE.NORM(0.05,C28,22)
nearly always this in Bio
calculated value (or cell) of STDEV
n (the sample size)

To calculate the P value for a t-test:
=TTEST(column1raw,column2raw,2,2)
always 2,2 for these unpaired t-tests
Extension: what is the difference between a ‘paired’ and
an ‘unpaired’ t-test? When might you use each?

Compare the two graphs produced from the same dataset:

Compare the size of the error bars (Stdev vs 95% confidence):
●
Compare the overlap of the error bars (Stdev vs 95% confidence):
●
Do these results suggest a significant difference between Before/After class?
● YES/NO
● Reason:

How do we know if a difference is significant?
When we collect sets of data, there may be overlap in the values.
How do we know if this overlap is too much for the difference to be considered
‘significant?’

No overlap

If we plot 95% significance on the error bars and they
do not overlap, this suggests that the data are
significantly different:
● We are 95% sure that the data are different and
that this difference is not caused by chance.
BUT
We should really perform a t-test to show whether the
difference is significant or not.

Carrying out the t-test in Excel
Edit the formula in the merged cell.
To calculate the P value for a t-test:
=TTEST(column1raw,column2raw,2,2)
Always format your answers like this:
Null Hypothesis (H0):
“There is no significant difference.”
Alternate Hypothesis (H1):
“There is a significant difference.”
Determine P

P=

If P > 0.05, accept (H0)
If P > 0.05, reject (H0)
Conclusion: accept/reject H0:
●
There is/is not a significant difference in the results of the
class before and after the lessons.

Extension: what is the difference between a ‘paired’ and an ‘unpaired’ t-test? When might you use each?

Correlation does not imply causation.
Did the lessons really cause the class to learn more?
Discuss all the things we did over the week to learn about Classification.
Are we able to use the data we generated to attribute cause to any single factor?
Why? Why not?
●
What would we need to do to be more sure of the true cause of the difference?
●

Extension: What lies behind the standard deviation results?
● Find out more about the mathematics of standard deviation
○ What is the formula?
○ What do the components of the formula represent?
○ Why does this give us measure of the spread of the data?
Steps involved:
● Calculate population mean
● Calculate difference of each point from the population mean
○ square that result
● Calculate the mean of all these values (the squares of the differences)
● Find the square root of that value.
SD = the root of the mean of the squares of the differences from the mean

Carrying out t-tests using t-tables.
Work through the problem set in pairs on this sheet:
https://docs.google.com/document/d/1gzcREFikPkZTAh2KM6e9Bq95YoCp68eAPeJVDfZYMmc/edit?usp=sharing

Deducing significance by comparing calculated values
of t with the t-table.
❏ In a test for significance we set out our working like this.
❏ Use this as an example for your work.

Degrees of freedom = ______
H0 (Null hypothesis):
“There is no significant
difference.”

P = 0.05

t = ________
H1 (Alternate hypothesis) critical value = ________
“There is a significant
difference.”
If t < cv, we accept H0.
If t > cv, we reject H0.
Conclusion:
There is / is not a significant difference between
the results.
Table from: http://www.medcalc.org/manual/t-distribution.php

1. A researcher measures the wing-spans of 12 red-throat
and 13 broad-billed hummingbirds. The t-value is
calculated as 2.15. Deduce the significance of the
difference between the two types of birds.

Degrees of freedom = ______
H0 (Null hypothesis):
“There is no significant
difference.”

P = 0.05

t = ________
H1 (Alternate hypothesis) critical value = ________
“There is a significant
difference.”
If t < cv, we accept H0.
If t > cv, we reject H0.
Conclusion:
There is / is not a significant difference between
the results.
Table from: http://www.medcalc.org/manual/t-distribution.php

1. A researcher measures the wing-spans of 12 red-throat
and 13 broad-billed hummingbirds. The t-value is
calculated as 2.15. Deduce the significance of the
difference between the two types of birds.

DF = 12 + 13 -2 = 23
H0 (Null hypothesis):
“There is no significant
difference.”
H1 (Alternate hypothesis)
“There is a significant
difference.”

P = 0.05
t = 2.15
critical value = 2.069
If t < cv, we accept H0.
If t > cv, we reject H0.

Conclusion:
There is a significant difference between the
results.
Table from: http://www.medcalc.org/manual/t-distribution.php

2. A student measures the shells of 16 snails on the north
side of an island and 15 on the south. The t-value is
calculated as 1.61. Deduce the significance of the
difference between the two types of snails.

DF =
H0 (Null hypothesis):
“There is no significant
difference.”

P = 0.05

t=
H1 (Alternate hypothesis) critical value =
“There is a significant
difference.”
If t < cv, we accept H0.
If t > cv, we reject H0.
Conclusion:
There is / is not a significant difference between
the results.
Table from: http://www.medcalc.org/manual/t-distribution.php

Group A

Group B

DF

t=

3a

n=5

n=7

2.405

3b

n = 12

n = 12

2.029

Table from: http://www.medcalc.org/manual/t-distribution.php

cv =

Accept or Reject H0?

Significant difference?

4. 15 students take a quiz before and after a set of
lessons and the results compared. The t-value is
calculated as 1.94. Deduce the significance of the
difference between the results before and after.

DF =
H0 (Null hypothesis):
“There is no significant
difference.”

P = 0.05

t=
H1 (Alternate hypothesis) critical value =
“There is a significant
difference.”
If t < cv, we accept H0.
If t > cv, we reject H0.
Conclusion:
There is / is not a significant difference between
the results.
Table from: http://www.medcalc.org/manual/t-distribution.php

5. In a test of a heart medication, a control group of 11
patients was compared to the test group of 14 patients.
The t-value is calculated as 2.225. Deduce the
significance of the difference between the results of the
control and the test group.
DF =
H0 (Null hypothesis):
“There is no significant
difference.”

P = 0.05

t=
H1 (Alternate hypothesis) critical value =
“There is a significant
difference.”
If t < cv, we accept H0.
If t > cv, we reject H0.
Conclusion:
There is / is not a significant difference between
the results.
Table from: http://www.medcalc.org/manual/t-distribution.php

6. The weights of 12 babies were measured before and
after a treatment of anti-parasite medication. The t-value is
calculated as 3.112. Deduce the significance of the
difference between the results of the control and the test
group.
DF =
H0 (Null hypothesis):
“There is no significant
difference.”

P = 0.05

t=
H1 (Alternate hypothesis) critical value =
“There is a significant
difference.”
If t < cv, we accept H0.
If t > cv, we reject H0.
Conclusion:
There is / is not a significant difference between
the results.
Table from: http://www.medcalc.org/manual/t-distribution.php

7. In this graph, two means are compared. Error bars show standard deviation.
State the mean of each population.
A = ________ B = _______

10.0

Score

Compare the standard deviations of each group.
B
n=23

5.0
A
n=11

Can we tell from the error bars whether the two
groups are significantly different?

The t-value of of the data is calculated as 2.025.
What conclusion can be drawn from these data?

Experimental Design. How would you design an investigation into whether students
are more alert in the morning or after lunch?
❏ What data might you collect?
❏ How would this be processed, graphed and analysed?
❏ What statistical test would you use?

EXIT TICKET: 2-minute Essay
Before you leave, summarise your learning on statistical analysis.
Include:
❏ Importance of standard deviation & uses of error bars
❏ Function of t-tests
❏ Correlation and causation

For more resources:
http://i-biology.net

