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Statistical investigation

1. A market research company is contracted by the general manager of NAILS (a large hardware store) to 
investigate the effect of promotional expenditure on sales of plants. The results of the investigation will 
be used to make sales predictions for all gardening departments in the New Zealand-wide store chain.

 For each month from January 2001 to December 2002, the amount spent on promoting plant sales 
(promotional expenditure) and the total plant sales by the chain were recorded. The data, a scatter 
plot and some statistical output relating to the data are shown below. E represents the promotional 
expenditure for the month (in thousands of dollars, $000) and S represents the total plant sales for the 
month (in thousands of dollars, $000).

 Write a report (approximately one page long) to the general manager of NAILS that summarises the 
statistical output given on the next page. Include some sales predictions in your report.

Expenditure 
($000)

Sales 
($000)

Value of E Correlation R Regression Equation

0 98 All values 0.819 S = 105 + 1.51E

4 102 All less outlier 0.928 S = 101 + 1.54E

5 124 E ≥ 15 less outlier 0.885 S = 104 + 1.47E

8 105 15 ≤ E ≤ 30 less outlier 0.972 S = 53.2 + 3.67E

9 100

10 122

15 110

18 118

19 130

20 125

Year 2004
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2. The owner of Megabitz (a computer store with an internet café and refreshment bar) wishes to create 
surroundings to suit the customers who use the internet café. She wishes to determine whether there is 
any relationship between the time that people spend on the computers and the time that these people 
spend at the refreshment bar.

 A random sample of 49 customers was used to determine a model for predicting the time spent at the 
refreshment bar from the time spent on the computers.

 Let B represent the time spent at the refreshment bar (in minutes) and C represent the time spent on 
the computers (in minutes). A scatter plot of B against C is shown below.
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 Two models are investigated.

 Model 1
 A linear regression model gives a fitted line with equation: B = –36.332 + 0.5477C.

 For this line R2 = 0.8951

 Model 2
 A log (base e) transformation of variable B is carried out. A linear regression model gives a fitted line 

with equation: ln B = 2.5810 + 0.0071C.

 For this line R2 = 0.9627

Year 2005
Ans. p. 12
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a. By reference to the scatter plot, fully describe the relationship between B and C.

b. For Model 2, by first making B the subject, sketch B versus C to show the general shape of this 
function for 0 ≤ C ≤ 400.
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c. Which of these models is likely to be better for predicting time spent at the refreshment bar for 
low users (less than 30 minutes) of computers? Justify your choice.

d. Using both Model 1 and Model 2, obtain two predictions, in each case, of the time spent at the 
refreshment bar by a person who spends on the computers:

 •	 Three	hours
 •	 Six	hours	45	minutes

e. Comment on the reliability of your predictions in part d.
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f. Calculate the range of C values for which Model 1 gives higher predictions than Model 2.

g. Discuss the appropriateness of using Model 2 to model the overall relationship between B and C in 
comparison with Model 1.
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3. A survey of some students was done and the following results were obtained.

Height (cm) Weight (kg) Height (cm) Weight (kg) Height (cm) Weight (kg)

163 59 189 90 190 116

189 118 155 48 171 66

156 54 151 44 173 68

174 91 164 67 175 98

179 94 174 89 165 54

162 54 161 62 156 53

181 81 167 64 164 84

159 65 154 59 168 70

163 49 199 127 166 71

184 102 153 54 169 74

195 114 196 114 190 90

166 88 157 50 174 95

155 61 196 130 165 68

184 78 176 67 183 109

179 80 182 72
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  The linear trend line is:  
y = 1.5284x – 184.82  
with R2 = 0.7844

 You have been asked by a health research company to submit a report on these results.  You will need 
to comment on the scatter diagram, the trend line, the reliability of any predictions you might make 
and how well the trend line fits the data. This report should be approximately 1 page in length.

Ans. p. 13
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4. A research scientist is interested in the optimal growing temperature of a particular strain of a yeast 
organism. This is an outline of the experiment carried out:

 An initial mass of yeast (75 mg) was placed in a growing dish. This was then incubated at a constant 
temperature for 24 hours. The growing dish is large enough such that it is never completely filled by the 
yeast. The mass at the end of the 24 hours is then recorded.

 The data is summarised below: 

Temp
°C

Mass
mg

Temp
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20 100 48 571

22 107 50 665

24 117 52 664

26 125 54 698

28 133 56 700

30 134 58 667

32 143 60 664

34 168 62 600

36 196 64 341

38 220 66 403

40 247 68 324

42 460 70 121

44 478 72 59

46 304 74 0

Data Range Regression Line Equation Coefficient of Determination, R2

All T M = –0.6922T2 + 70.102T – 1249.1 0.6143
20 ≤ T ≤ 30 M = 3.6571T + 27.905 0.9699

40 ≤ T ≤ 74 M = –1.9282T2 + 210.08T – 5059.7 0.8853

a. Fully describe the data that were collected with reference to the scatter plot.

Ans. p. 14
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b. The purpose of the experiment was to find optimal growing temperatures of the yeast. What 
results would be given if this means the temperature range that yields the top 10% growth results?

c. Comment on the validity and reliability on the results in b.

d. Using the models supplied, give two predictions for the mass of yeast at the end of the 24 hours 
at a temperature of 35 °C. Comment.
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Answers

3.5 Statistical investigations (page 1)
1. A report on these data should include but not be limited to the following points:

	 •	 Discussion	about	the	overall	correlation	between	the	two	sets	of	data.
	 •	 Interpretation	of	any	distinct	sections	of	the	graph	shown.
	 •	 Full	interpretation	of	the	correlation	coefficients	of	each	regression	line.
	 •	 Summary	statistics	should	be	given	for	values	of	expenditures	and	sales.
	 •	 Some	reference	to	the	effect	of	the	outlier.
	 •	 	A	sales	prediction	should	be	calculated	and	validity	of	this	discussed	with	reference	to	the	section	

of graph on which the prediction lies.
	 •	 Any	other	factors	that	may	directly	or	indirectly	affect	sales.

 Some examples of statements that could be used in a report for these data follow:

	 •	 	The	evidence	that	there	is	a	moderate	overall	correlation	between	expenditure	and	sales	is	given	
by the overall correlation coefficient of 0.819.

	 •	 	The	scatter	on	the	graph	for	expenditure	less	than	$15	000	suggests	a	weak	positive	correlation,	
whereas the sales for expenditures in excess of $30 000 are almost constant.

	 •	 	The	section	of	the	graph	with	the	highest	supplied	correlation	of	0.972	is	for	expenditures	
between $15 000 and $30 000.

	 •	 	A	notable	improvement	in	the	overall	correlation	coefficient	is	seen	when	the	outlier	at	 
($23 000, $210 000) is removed (the coefficient increases from 0.819 to 0.928). By looking at the 
data and the graph it seems reasonable to assume this data value can be ignored for the purpose 
of this report – some other investigation is required to find the reason for this ‘unexpected’ sales 
value.

	 •	 	The	graph	suggests	a	key	sales	value	around	$180	000,	after	which	there	seems	to	be	minimal	
improvement in sales for a large expenditure. It would suggest that the store would be unwise to 
spend more than $40 000 as the returns become less than the increase in spending.

 •	 	Some	comment	is	needed	on	the	meaning	of	the	equation	being	used	to	make	predictions.	For	
example, the equation S = 53.2 + 3.67E suggests that on average, for every $1 000 spent the sales 
increase by $3 670.  If this equation were true for all expenditures, the sales with no advertising 
would be about $53 000.

 Sales Predictions

 •	 	E = $26 000 gives S = $149 000 (using S = 53.2 + 3.67E). This prediction would be good as E lies 
in a linear section of graph with a high correlation coefficient.

 •	 	E = $49 000 gives S = $176 000 (using S = 104 + 1.47E  or  S = 101 +1.54E). This occurs in a flat 
part of the graph so may be subject to greater error as an overall trend line equation has been 
used.

 Summary statistics follow:

Expenditure 
($000)

Sales 
($000)

Mean 26.4 144.9

Median 24.0 149.5

Std Dev 17.5 32.2

Range 0–60 98–210

 ALL supplied information should be made useful in the report.  It is all given so that it can be used in 
the solution to this question.
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2.05 a. It is important to note the word fully in the question, hence mention as much as possible about the 
scatter plot. Three distinct comments should be made (which means no overlap in comments) eg a 
comment on general shape, one on the different regions and one on something else that is of interest.

 For example:

	 	 •	 There	is	an	overall	increasing	relationship	between	B and C.
	 	 •	 Mention	something	informative	about	the	three	regions	of	the	scatter	plot:
   – Initially horizontal with B remaining at about 20 for C from 0 through 125.
   – For C from 125 through 375 there is a linear increase in B.
   – There is a final vertical section for C greater than 375.
	 	 •	 The	range	of	times	that	customers	spent	at	Megabitz is from 40 minutes to 400 minutes per day.

 •	 	A	contextual	interpretation	of	the	graph	is	useful.		Customers	who	spend	from	about	 
1–2 hours on the computers spend about 20 minutes in the refreshments bar. Customers 
who spend from 2 to 6½ hours on the computers tend to spend more time in the 
refreshments bar as the time spent on the computers increases.  The maximum time spent on 
the computers as shown by the graph is about 6½ hours – these customers spend from 3 to 
4 hours in the refreshments bar.

b. The sketch should be of the function

  B = 13.21e0.0071C  [since e2.5810 = 13.21]

  and is shown below:
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c. When C = 30 the linear model gives the time spent at the refreshments bar as B = –19.901 which 
is clearly wrong.  Hence the better choice out of these two models is the exponential model 
(prediction for C = 30 is 16.35 minutes, which seems reasonable).

 d. C (minutes)
Linear 

Model 1
Exponential 

Model 2

180 62.3 47.4

405 185.5 234.3

e. The predictions for C = 3 hours both appear to correspond reasonably well when compared with 
the actual data, so either model could be used to make a reliable prediction for this value.

 As the values of C increase, the values obtained from Model 1 become further away from the 
actual data, therefore it is better to to use Model 2 for the prediction of B when C = 405 minutes.  
Because this prediction is outside the collected data range, care must be taken when discussing 
reliability.  For this prediction to be reliable in any way, all factors influencing B and C during data 
collection need to remain the same, as does the model that fits the data.
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f. The use of a Graphics calculator is expected in this question to get 124.9 ≤ C ≤ 344.3.

 Other methods are acceptable, including numerical methods.

g. Three relevant points should be given. Suggested discussion points could be:

	 	 •	 	Model	2	with	a	log	transformation	fits	the	collected	data	better	than	Model	1	as	shown	by	
the R2 values supplied (0.9627 compared with 0.8951).

	 	 •	 Model	2	fits	the	raw	data	better	for	low	values	of	C as well as high values of C.
	 	 •	 	Model	1	becomes	invalid	for	values	of	C less than about 66 as the predicted values are 

negative. The context of the situation being modelled makes it nonsense to spend negative 
time in the refreshments bar.

	 	 •	 	Even	though	Model	2	fits	the	overall	data	better,	care	should	be	taken	when	using	it	for	
values of C greater than approximately 400.

	 	 •	 	The	minimum	value	C can take is zero and the maximum (assuming a maximum total time in 
Megabitz of 24 hours) is 587 minutes (found by solving 1440 – C = 13.21e0.0071t).

3. A report on this data set should include but not be limited to the following points:

	 •	 	Discussion	about	the	overall	relationship	between	the	two	sets	of	data.	Visually	there	is	a	
definite linear relationship between height and weight of the students. The overall coefficient 
of determination of 0.7844 suggests a moderate correlation.  These two observations suggest a 
relationship between height and weight that contains an obvious pattern, although the data itself 
shows considerable variability.

	 •	 	As	the	question	did	not	give	a	specific	request	for	a	particular	prediction,	any	valid	prediction	and	
associated discussion is acceptable.

  –  An interpolation using a given data value can be very useful in creating discussion as to the fit 
and appropriateness of the model.

  –  An extrapolation beyond the supplied data, either below or above, can give some insight as 
to the limitations and usefulness of the model. For example, does the model give sensible 
output for very tall or for very short students?

	 •	 	A	discussion	is	needed	about	the	fit	of	model	to	the	data.	(This	may	have	been	met	if	an	
interpolation was used as a prediction.) This must include commentary on the distance the 
majority of the data is from the trend line.

	 •	 	Comments	as	to	how	the	model	could	be	improved	are	also	appropriate.	For	example,	it	may	be	
possible to find the average distance of the data from the trend line and instead of giving an exact 
weight as a prediction, a range of weights could be given.

	 •	 	The	usefulness	of	the	model	for	predictions	beyond	the	scope	of	the	data	is	also	a	mandatory	part	
of the answer. Again, if an extrapolation was used as a prediction, much of this will have been 
stated then. Below about 121 cm, the model predicts all students have a negative weight. This is 
an obvious limitation and further investigation is required among the shorter students to explore 
the height/weight relationship in more detail. The model also shows no indication for a maximum 
weight, implying that you can find a student of any weight provided they are tall enough.

 •	 	An	overall,	summing-up	comment	should	be	made.	While	inside	the	height	range	of	the	collected	data,	
the	model	provides	a	reasonable	indication	as	to	the	expected	weight	of	the	student.	Extreme	care	
must be taken when applying the model to students outside the height range of the collected data.
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4. a. Comments need to be made that fully describe the scatter plot. These need to be something about 
the overall shape, any ‘different’ portions of the plot and some form of contextual interpretation.

 Some examples could be:
	 	 •	 	The	overall	plot	has	an	approximate	negative	parabolic	shape.		This	is	confirmed	by	the	

regression line and coefficient supplied. However, it is obvious that much of the data set does 
not fit this shape.

	 	 •	 	The	plot	can	be	split	into	two	major	parts,	the	first	is	the	section	of	temperatures	from	20	°C	
to 30 °C. This section is very linear with an approximate increase of 3.7 mg per degree 
increase. The second section is from 40 °C to 74 °C. This can be approximated by a negative 
parabola. This negative parabola fits this section of the data better than the initial overall 
model, as indicated by the supplied R2 values.

	 	 •	 	The	maximum	mass	of	yeast	produced	using	this	experiment	was	700	mg.	This	was	reached	
at 56 °C. As the temperatures around this point produced similar yields, in order to find the 
perfect cultivation temperature the experiment should be repeated focusing on a narrower 
range of temperatures.

	 	 •	 	The	minimum	mass	recorded	was	0	mg.	This	and	the	next	minimum	mass	of	59	mg	should	
be treated with caution. If the experiment started with 75 mg, this should be the minimum 
yield. If the yeast does not grow then you must still be left with 75 mg at the end.  This 
means the experiment is possibly unreliable at high temperatures.

	 	 •	 	The	section	of	the	graph	from	30	°C	to	40	°C	looks	as	though	it	is	in	transition	from	the	linear	
model to the parabolic one.

b. To find a temperature range that yields the top 10% of growth results, given that 100% is 
700 mg, means the following equation needs to be solved:

  –1.9282T2 + 210.08T – 5059.7 = 630   [90% of 700 = 630]

 Solving this gives: 50.4° ≤ T ≤ 58.6°.

c. The temperature range in b. is entirely within the range of the third model. The important 
discussion point is the coefficient of determination of 0.8853. This indicates a strong relationship. 
Therefore the third model is suitable to predict such values. If the actual data are compared with the 
predictions, it can be seen that the data collected at approximately these predicted temperatures 
are actually in excess of 630 mg (at 50 °C, mass = 665 mg; at 58 °C mass = 667 mg). If a prediction 
of great accuracy is needed, then a more detailed study is required, with a more precise model.

d. In giving these predictions, the first model should not be used (see previous discussion about the 
lack of fit). The other two models give these predictions:

Model Prediction

Linear 155.9 mg substituting T = 35 in M = 3.6571T + 27.905

Quadratic –68.9 mg substituting T = 35 in M = –1.9282T2 + 210.08T – 5059.7

 Clearly, the better model to use is the linear one. As discussed previously, it is not valid to 
get a mass less than the initial mass of 75 mg, quite aside from the fact that a negative yield 
is impossible. If these predictions are compared with the actual data, it can be seen that the 
prediction from the linear model is reasonably close. What needs to be thought about is that 
maybe a third model is needed for the section of the data from 30 °C to 40 °C.


