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1.1) Exponential models



Exponential Regression

Time

Rabbit 
population 

For some variables, e.g. population with time, it may be more appropriate to use an 
exponential equation, i.e. ௫, where and are constants we need to fix to 
best match the data.

Linear regression line not 
a good fit for the data.

Exponential line 
much better fit.

௫

௫

௫

In Year 1, what did we do to 
both sides to end up with a 
straight line equation?

 If ௫ for constants and then 



Exponential Regression

Rabbit 
population 

Time ( )

If ௫ for constants and then 

Time ( )

Comparing the equations, we can see that if we log the values (although leave 
the values), the data then forms a straight line, with -intercept and 
gradient .



Notes
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Worked Example
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The table shows some data collected on the temperature, in °C, of a colony of bacteria (𝑡) and its growth rate (𝑔).

The data are coded using the changes of variable 𝑥 = 𝑡 and 𝑦 = log 𝑔. The regression line of 𝑦 on 𝑥 is found to be 
𝑦 = −0.0536 + 0.0637𝑥.

a) Find the initial growth rate
b) Given that the data can be modelled by an equation of the form 𝑔 = 𝑘𝑏௧ where 𝑘 and 𝑏 are constants, find the values 

of 𝑘 and 𝑏.

1198653Temperature, 𝑡
(°C)

4.643.22.851.971.941.40Growth rate, 𝑔



Worked Example
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A rabbit population, 𝑃, is modelled with respect to time in years, 𝑡. An exponential model is proposed:
𝑃 = 𝑘𝑏௧

The data is coded using 𝑥 = 𝑡 and 𝑦 = log 𝑃. 
The regression line of 𝑦 on 𝑥 is found to be 𝑦 = 3 + 0.2𝑥. Determine the values of 𝑘 and 𝑏.

T.3: Ex 1A all Qs, P.1 1.1 all Qs



Your Turn
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A rabbit population, 𝑃, is modelled with respect to time in years, 𝑡. An exponential model is proposed:
𝑃 = 𝑘𝑏௧

The data is coded using 𝑥 = 𝑡 and 𝑦 = log 𝑃. 
The regression line of 𝑦 on 𝑥 is found to be 𝑦 = 2 + 0.3𝑥. Determine the values of 𝑘 and 𝑏.

(3 sf)



1.1) Exponential models
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You’re used to use qualitative terms such as “positive correlation” and “negative correlation” and “no correlation” to describe the type of 
correlation, and terms such as “perfect”, “strong” and “weak” to describe the strength.

The Product Moment Correlation Coefficient is one way to quantify this:

 The product moment correlation coefficient (PMCC), denoted by , describes 
the linear correlation between two variables. It can take values between -1 and 1.

Rule of thumb: 𝑟 < −0.7
or 𝑟 > 0.7 is considered 
to be ‘strong’ correlation.

Note that PMCC is only applicable for a linear correlation, i.e. 
closeness of fit to a linear regression line (i.e. a straight ‘line of best 
fit’). It may be the data exhibits strong correlation with respect to a 
different model (e.g. exponential) even when the PMCC is low.

Perfect 
negative

Strong 
negative

No correlation Weak 
positive

Perfect 
positive



Calculating on your calculator

1. Press HOME
2. Select Statistics
3. Select 2 variable
4. Type in xy data
5. Press EXE
6. Select Reg Results
7. Choose y=a+bx (linear)
8. Read r value
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Notes
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Worked Example
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Calculate the product moment correlation coefficient for the following data:

31

42

53

84

T.6: Ex 1B Qs 1-3, P.3 1.2 Qs 1-4



Worked Example

Page 18 T.6: Ex 1B Qs 4+, P.3 1.2 Qs 5+

From the large data set, the daily mean temperature, 𝑡 °𝐶, and the daily total rainfall, 𝑟 𝑚𝑚, were recorded from 27th

May to 5th June inclusive 1987 in Leuchars.

a) State the meaning of tr in the table above.
b) Calculate the product moment correlation coefficient for the ten days, stating clearly how you deal with the ‘tr’ 

readings.
c) With reference to your answer to part b, comment on the suitability of a linear regression model for these data.

10987654321Day

10.410.08.89.812.813.512.810.39.08.5𝐭

31.8tr3.66.1tr0.40.28.12.40𝒓



1.3) Hypothesis testing for zero correlation

• Hypothesis testing can be best thought of as a court case.

• The person that is standing on trial is either found guilty or not guilty.

• The “default” position is that the person is not guilty as if there isn’t enough evidence against the person, 
then the jury have to side on the side of caution and not convict.

• The stronger the evidence is against the person, the more the jury will start to believe that the person is in 
fact guilty.

𝟎 is called the null hypothesis.  (Think of this as “no change” or the 
default position.)

𝟎 is the hypothesis that you assume to be correct (the jury assume 
that the person is not guilty until substantial evidence is provided to 
suggest otherwise).

𝟏 is the alternative hypothesis (i.e. that the person is guilty)



Notes

Here is how we do the test:
1. Assume innocence: there is no correlation for the whole data set (population)
2. Measure r (correlation) of a sample of size n.
3. Check if this r value is extreme enough to conclude there is a correlation of some sort (enough evidence of 
guilt), otherwise assume innocence (the default of no correlation). 
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We can use a hypothesis test to determine whether the product moment correlation coefficient for a particular sample 
indicates that there is likely to be a linear relationship within the whole population or not.

The ‘evidence’ we refer to is the r from the SAMPLE, and it used to conclude something 
about the of the population.



Notes
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One-tailed hypothesis test 
• This type of test involves an alternative hypothesis that solely relates to either 𝜌 indicating a 

positive or a negative correlation
• 𝐻ଵ: 𝜌 > 0 or 𝜌 < 0 (one way or the other).

Two-tailed hypothesis test
• This type of test involves an alternative hypothesis that relates to 𝜌 indicating any possible 

correlation at all
• 𝐻ଵ: 𝜌 ≠ 0 (either way).



Notes
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Let us go back to the court case example…
• There have been cases where a jury have convicted wrong and the person is actually innocent!
• This “risk” of convicting wrong is known as a significance level which is denoted by 𝛼. 
• In industrial environments, it is normally 5% or 1% as industry wants a good chance that they have concluded correctly.

Critical value tables
Earlier it was stated that we only start to believe ‘ when substantial evidence is given to us, but 
what is substantial evidence? We have critical values that depend on sample size and how sure we want 
to be that we aren’t making a mistake (i.e. the chance that the jury makes the mistake of convicting when 
the person is innocent). 

The value of 0.6215 (sample size of 8 and a 5% 
significance level) means this value is the minimum that 
our 𝑟 value can be in order for us to conclude that we 
believe that there is sufficient evidence of positive 
correlation.

The table works the other way for testing negative 
correlation by placing a negative in front of the numbers.

The value of −0.6215 (sample size of 8 and a 5% 
significance level) means this value is the maximum that 
our 𝑟 value can be in order for us to conclude that we 
believe that there is sufficient evidence of negative 
correlation. 



Definitions
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Conducting the test
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1. State hypotheses



ଵ

2. Find critical value from table:

Simply read value from table 
corresponding to correct sig. level and 
sample size n

Do as above but make negative

Half sig. level and put a ±

3. Diagram and comparison:



Concluding the test
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1. State hypotheses



ଵ

4. Conclusion in context:

Accept  , there is insufficient evidence to suggest [insert 
wording from question] at the …% significance level

Reject  , there is sufficient evidence to suggest 
[insert wording from question] at the …% 
significance level



Writing Frame to use
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Fill in the blank
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Accept/reject 
𝑯𝟎

inequalityDiagramCritical 
value

𝒓𝒄

Sig. 
level 

%

Sam
ple 
size 
𝒏

Test stat 
𝒓

𝑯𝟏𝑯𝟎

0.5494510𝑟 = 0.6𝜌 > 0𝜌 = 0

110𝑟 = 0.6𝜌 > 0𝜌 = 0

2.522𝑟 = 0.6𝜌 > 0𝜌 = 0

1010𝑟 = −0.5𝜌 < 0𝜌 = 0

110𝑟 = −0.5𝜌 < 0𝜌 = 0

0.525𝑟 = −0.5𝜌 < 0𝜌 = 0

1012𝑟 = −0.5𝜌 ≠ 0𝜌 = 0

512𝑟 = 0.5𝜌 ≠ 0𝜌 = 0

112𝑟 = −0.5𝜌 ≠ 0𝜌 = 0



Worked Example
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A scientist takes 19 observations of the masses of two reactants in an experiment. 
She calculates a product moment correlation coefficient of 𝑟 = 0.54.

The scientist believes there is a positive correlation between the masses of the two reactants. 
Test at the 1% level of significance, the scientist’s claim, stating your hypotheses clearly.



Your Turn
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A scientist takes 14 observations of the masses of two reactants in an experiment. 
She calculates a product moment correlation coefficient of 𝑟 = −0.45.

The scientist believes there is a negative correlation between the masses of the two reactants. 
Test at the 5% level of significance, the scientist’s claim, stating your hypotheses clearly.



Worked Example
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A scientist takes 20 observations of the masses of two reactants in an experiment. 
She calculates a product moment correlation coefficient of 𝑟 = 0.54.

The scientist believes there is no correlation between the masses of the two reactants. 
Test at the 1% level of significance, the scientist’s claim, stating your hypotheses clearly.



Your Turn
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A scientist takes 30 observations of the masses of two reactants in an experiment. 
She calculates a product moment correlation coefficient of 𝑟 = −0.45.

The scientist believes there is no correlation between the masses of the two reactants. 
Test at the 10% level of significance, the scientist’s claim, stating your hypotheses clearly.



Worked Example
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The table from the large data set shows the daily mean temperature, 𝑡 °𝐶, and the daily total rainfall, 𝑟 𝑚𝑚, in Leuchars 
for a sample of nine days in October 1987.

Test, at the 10% level of significance, whether there is evidence of a negative correlation between daily mean 
temperature and daily total rainfall. 
State your hypotheses clearly.

11.212.17.65.78.28.36.510.511.4

tr015.24.17.916.33.910

T.10: Ex 1C all Qs 1-3, P.5 1.3 all Qs



Your Turn
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The table from the large data set shows the daily maximum gust, 𝑥 knots, and the daily maximum relative humidity, 
𝑦%, in Leeming for a sample of eight days in May 2015.

Test, at the 10% level of significance, whether there is evidence of a positive correlation between daily maximum gust 
and daily maximum relative humidity. State your hypotheses clearly.

2921171837382831𝒙

8684898080879499𝒚



Learning from exams
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Learning from exams
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Learning from exams
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Learning from exams
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Learning from exams
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Learning from exams
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Extract from Formulae book
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Past Paper Questions
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Past paper practice by 
topic.  Both new and old 
specification can be 
found via this link on 
hgsmaths.com 



Summary of Key Points

Page 45 T.12: mixed ex  Qs 1-3, P.7: BSG


