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Click any row below to jump straight to that sub-topic or question.

On every question page, click ANSWER in the top-right corner to jump to its mark scheme.
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QUESTIONS

7 questions - 59 marks - 2 sub-topics
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SUB-TOPIC 1.1

LEAST SQUARES REGRESSION

Sub-topic 1.1 - 6 questions - 53 marks - lowest tariff first

A



ANSWER >

a4 )
1. Kwame is investigating a possible relationship between average March temperature,
t°C, and tea yield, ykg/hectare, for tea grown in a particular location.
He uses 30 years of past data to produce the following summary statistics for a linear
regression model, with tea yield as the dependent variable.
Residual Sum of Squares (RSS) = 1666567 S,=52.0 S, = 1774155
least squares regression line: gradient = 45.5 y-intercept = 2080
(a) Use the regression model to predict the tea yield for an average March temperature
of 20°C
ey
He also produces the following residual plot for the data.
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(b) Explain what you understand by the term residual.
ey
(c) Calculate the product moment correlation coefficient between ¢ and y
(2)
(d) Explain why the linear model may not be a good fit for the data
(i) with reference to your answer to part (c)
(i) with reference to the residual plot.
(2)
Question 1 continues on page 4
\ y,
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ANSWER >
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Question 1 continued
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ANSWER >

r

Question 1 continued
Kwame also collects data on total March rainfall, w mm, for each of these 30 years.

For a linear regression model of w on ¢ the following summary statistic is found.
Residual Sum of Squares (RSS) = 86754

Kwame concludes that since this model has a smaller RSS, there must be a stronger
linear relationship between w and ¢ than between y and ¢ (where RSS = 1666 567)

(e) State, giving a reason, whether or not you agree with the reasoning that led to
Kwame’s conclusion.

0y
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ANSWER >

Question 1 continued

(Total for Question 1 is 7 marks)
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ANSWER >

1. Baako is investigating the times taken by children to run a 100 m race, x seconds, and
a 500 m race, y seconds. For a sample of 20 children, Baako obtains the time taken by
each child to run each race.

Here are Baako’s summary statistics.
S..=314.55 S,,=9026 S, =1610
X =19.65 y =108

(a) Calculate the product moment correlation coefficient between the times taken to run
the 100 m race and the times taken to run the 500 m race.

(2)
(b) Show that the equation of the regression line of y on x can be written as
y=512x+7.42

where the gradient and y intercept are given to 3 significant figures.

&)

The child who completed the 100 m race in 20 seconds took 104 seconds to complete
the 500 m race.

(c) Find the residual for this child.
@

The table below shows the signs of the residuals for the 20 children in order of finishing
time for the 100 m race.

Signofresidual | + |+ |+ |+ - | — |+ |- | — |- |- |- - |- ||+ |+ |+ |+ |+

(d) Explain what the signs of the residuals show about the model’s predictions of the
500 m race times for the children who are fastest and slowest over the 100 m race.

ey

INA



x
W
=
%)
P
<

(Total for Question 1 is 7 marks)

Question 1 continued
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ANSWER >

1. Two students are experimenting with some water in a plastic bottle. The bottle is filled
with water and a hole is put in the bottom of the bottle. The students record the time,
t seconds, it takes for the water level to fall to each of 10 given values of the height,
h cm, above the hole.

Student 4 models the data with an equation of the form ¢=a + bh

The data is coded using v=¢—40 and w= Jh and the following information
is obtained.

Dv=626 YV =64678 > w=2247 S =452 S =-33883

W

(a) Find the equation of the regression line of # on Jh inthe form t=a+ b~k

The time it takes the water level to fall to a height of 9cm above the hole is 47 seconds.

(b) Calculate the residual for this data point.
Give your answer to 2 decimal places.

Given that the residual sum of squares (RSS) for the model of ¢ on Jh is the same as
the RSS for the model of v on w,

(c) calculate the RSS for these 10 data points.

Student B models the data with an equation of the form ¢=c + dh

The regression line of ¢ on 4 is calculated and the residual sum of squares (RSS) is
found to be 980 to 3 significant figures.

(d) With reference to part (c) state, giving a reason, whether Student B’s model or
Student A’s model is the more suitable for these data.

C))

)
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Question 1 continued

N2
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ANSWER >
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Question 1 continued
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(Total for Question 1 is 9 marks)

Question 1 continued

N2
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ANSWER >

4 N\
2 A large field of wheat is split into 8 plots of equal area. Each plot is treated with a different
amount of fertiliser, f' grams/m?. The yield of wheat, w tonnes, from each plot is recorded.
The results are summarised below.
D /=28 Y w=303 DY w'=13447 S =42 S =269.5
(a) Calculate the product moment correlation coefficient between fand w
(2)
(b) Interpret the value of your product moment correlation coefficient.
ey
(¢) Find the equation of the regression line of w on f'in the form w = a + bf
3)
(d) Using your equation, estimate the decrease in yield when the amount of fertiliser
decreases by 0.5 grams/m?
@
The residuals of the data recorded are calculated and plotted on the graph below.
residuals
6
4
2
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(e) With reference to this graph, comment on the suitability of the model you found in
part (c).
(2)
(f) Suggest how you might be able to refine your model.
@
\ J
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ANSWER >
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Question 2 continued
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Question 2 continued
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ANSWER >

Question 2 continued

(Total for Question 2 is 10 marks)
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ANSWER >

4. Aresearcher is investigating the relationship between elevation, x metres, and annual
mean temperature, ¢°C.

From a random sample of 20 weather stations in Switzerland, the following results
were obtained

S.=8820655 S, =4447 Y x=28130 Y 1=94.62

The product moment correlation coefficient for these data is found to be —0.959

(a) Interpret the value of this correlation coefficient.

0y

(b) Show that the equation of the regression line of # on x can be written as

1=14.3-0.00681x
“@

The random variable W represents the elevations of the weather stations in kilometres.

(c) Write down the equation of the regression line of # on w for these 20 weather
stations in the form ¢=a + bw

4y

(d) Show that the residual sum of squares (RSS) for the model for ¢ and x is 35.7 correct
to one decimal place.

)

One of the weather stations in the sample had a recorded elevation of 1100 metres and
an annual mean temperature of 1.4 °C

(e) (i) Calculate this weather station’s contribution to the residual sum of squares.
Give your answer as a percentage.

2

(i1) Comment on the data for this weather station in light of your answer to part (e)(i).

0y
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ANSWER >

Question 4 continued

Q\Vﬂ
19



ANSWER >

Question 4 continued
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ANSWER >

Question 4 continued

(Total for Question 4 is 10 marks)
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ANSWER >

1. A medical researcher is exploring the relationship between the weight, xkg, and the
head circumference, ycm, of newborn babies. A random sample of 15 newborn babies is
taken and the data are summarised by the following statistics

D x=5046 > x"=171.828 > y=5189 3 " =1800447 S_=7.8284

(@) Show that, to 3 decimal places, S_=2.081 and S,, =53.989
@)
(b) Find the equation of the regression line of y on x, giving your answer in the
form y=a+ bx

@)

(c) Find the residual sum of squares (RSS) for these data.

1
One of these 15 babies had a birth weight of 3.26 kg and a head circumference
of 36.8cm

(d) Find the residual for this baby.
)

The researcher claims that this baby could be an outlier.

(e) Using your answers to part (c) and part (d), give a reason that might support
this claim.

@)
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ANSWER >

Question 1 continued
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ANSWER >

Question 1 continued
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ANSWER >

Question 1 continued

(Total for Question 1 is 10 marks)
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SUB-TOPIC 1.2

RESIDUALS

Sub-topic 1.2 - 1 question - 6 marks - lowest tariff first
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ANSWER >

4 N\
3 Below are 3 sketches from some students of the residuals from their linear regressions of
yonux.
Residuals
X x X
x X X
01— ” > |
x XX x X X
Residuals XXX XXX
XXX ol
X
0 > 11
X
Residuals
X X X
X X X X x
0=  x x > I
X
X X

For each sketch you should state, giving your reason,
(i) whether or not the sketch is feasible
and if it is feasible

(i1) whether or not the sketch suggests a linear or a non-linear relationship between y and x.

)
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ANSWER >

Question 3 continued

(Total for Question 3 is 6 marks)
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official mark schemes

&
RA
29



MARK SCHEME - Option 4B: Further Statistics 2 - June2022 - Q1

1.1 Least Squares Regression

< QUESTION

Question Scheme Marks AOs
1(a) [20 x 45.5 + 2080] = 2990 [kg/ha] Bl 3.4
(€
(b) (A residual is the) difference between the observed value B1 19
(oe) and the predicted value (oe) (of the dependent variable) '
1)
(c) 1666567 =1774155(1—r?) M1 1.1b
r =0.246... awrt 0.246 Al 1.1b
)
(d)() Since r is close to 0/weak correlation B1 2.4
(i) e.g. (For t> 20...) the residuals do not appear randomly
Bl 3.5a
scattered about 0.
)
(e) Kwame’s conclusion cannot be supported using RSS since B1 23
the two values of RSS do not have the same units. '
1)
(7 marks)
Notes
@ B1: cao
B1: Correct definition. Allow equivalent wording.
(b) Distance from regression line on its own is BO, but allow if vertical distance or y
is referenced
M1: Use of correct expression for r or r?
Allow use of Sy = 45.5 x 52.0 [=2366]
S 2
© or RSS: 1774155 ( E:yz) =1666567 — [S,, = 2365.2...]
awrt 2365 or awrt 2366
and then r =
\/52.0x1774155
Al: awrt 0.246 (—0.246 or + 0.246 scores M1AQ)
B1: Correct explanation
(d)(®) B1: Correct evaluation of the fit of the model’s residuals (e.g. variance either side
(ii) of t = 20 does not appear to be the same)
‘residuals not randomly scattered’ on its own is B0.
© B1: Correct assessment of the conclusion involving the units/size of the variables
used to calculate the RSS
Question Scheme Marks AOs
t s
RA
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< QUESTION

Question Scheme Marks AOs
1(a) 1610
N =—F—7—or M1 1.1b
\/314.55x9026
=0.9555.... awrt 0.956 Al 1.1b
)
b
®) ]y 1610 ML | 21
314.55
a=y-bx=108-"b"x19.65 M1 1.1b
y =5.12x + 7.42* Al* 1.1b
@)
(© Residual = 104 — (5.12(20) + 7.42) = awrt 5.8 B1 34
@)
(d) Positive residuals show that the model underestimates the 500m race
- . B1 3.5a
times of the fastest and slowest children.
1)
(7 marks)
Notes
(@ M1: correct expression for r
Al: awrt 0.956
M1: correct expression for gradient, or correct formula stated with b to more than 3.s.f
) M1: correct expression, or correct formula stated with a to more than 3.s.f
follow through their b
*Al: correct linear model with a = awrt 7.42 and b = awrt 5.12
(c) B1: correct use of model awrt -5.8
(d) B1: correct contextual explanation mentioning positive residuals and underestimate o.e.




MARK SCHEME -

Option 4B: Further Statistics 2 - June2024 - Q1 1.1 Least Squares Regression < QUESTION
Question Scheme Marks | AOs
1@ 1, 33883 1 7406.] M1 | 33
4.52
a:@_"b"ﬁ [=231.04....] M1 1.1b
10 10
t—-40="231.04.."+ ("—"74.96...")x/ﬁ dM1l | 3.1a
t=271.04...—74.96.../h Al | 11b
(4)
(b) Residual = 47 —("271.04.."-"74.96.."x\3 ) ML | 34
= 0.8466... Al 1.1b
)
) 27 (-338.83)° -338.83)°
RSS = | 64678— 626" 1_ ( 83) = 25490.4—g M1 1.1b
10 4.52 4.52
=90.89...[s?] Al 1.1b
)
(d) Student A's model as the sum of squares of the residuals is lower Bl 2.4
1)
(9 marks)
Notes:
(@) | M1 | For use of a correct model ie a correct expression for b
M1 | For use of a correct model ie a correct expression (ft) for a
dM1 dep on both previous method marks for proceeding from an equation of the form
v="a"+"b"w to a correct un-simplified model in terms of h and t ft their a and b
Al For a correct model t =271.04...—74.95..</h with awrt 271 and awrt 75
For a correct method to find the residual. States h =9 and a correct expression to find
b the residual for their model of the form t = a+b\m or 9 substituted into a correct
(®) | M1 expression. Must be subtracting the correct way round. Alternatively, may code the
data to v and w and attempt 47 —("231.04..."-"74.96..."x 3)
Al awrt 0.85 Allow answers in range awrt 0.84 to awrt 0.86 if working shown following a
correct model in (a). If no working is shown then look for awrt 0.847
For a correct expression for RSS. 25490.4 may be seen as 127452
(© M1 ) (-338.83)°
May also useRSS=S, (1-r°) =254904| 1 - —————
4.52x25490.4
Al awrt 90.9
Explaining a reason for their conclusion that A is a more suitable model provided
d) Bl their positive RSS found in (c) is less than 980. e.g. RSS is smaller so model A
Condone references to the model being more accurate oe. Must be a comparison with B
or implied so do not accept statements such as “A because it has a small RSS”

RA
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< QUESTION

2(a 2
@ Sy =13447 — 303 =1970.875
269.5
= —F—7—m== M1 1.1b
\42x1970.875
r=0.9367... awrt 0.937 Al 1.1b
)
(b) As the amount of fertiliser increases the yield increases B1 3.2a
1)
© e 22 [~6.41666..] ML | 33
a=%—'b'% [=15.41666...] M1 1.1b
w=154+6.42f Al 1.1b
3
(d) 3.21 tonnes Bift | 1.1b
1)
The residual plot is close to an *n’ shape or the residuals appear not
() M1 | 24
to be randomly scattered
The model in part(c) is unlikely to be suitable Al 2.2b
)
0] Fit a curve rather than a line Bl 3.5¢c
1)
(10 marks)
Notes:
(@ | M1 | Complete correct method for finding r
Al | forawrt 0.937
(b) | B1 | Correct contextual statement
() | M1 | For use of a correct model ie a correct expression for b
M1 | For use of a correct model ie a correct expression (ft) for a
Al | Foracorrect model w=15.4+6.42f with awrt 15.4 and awrt 6.42
(d) |B1ft | awrt 3.21 condone —3.21
() | M1 | Explaining a reason for their conclusion eg there is a pattern/trend in the residuals
Do not accept residuals not close to zero
Al | concluding it is not valid oe
(f) | B1 | Acommentabout not using a linear line eg use a quadratic model, logarithmic graph
exponential




MARK SCHEME - Option 4B: Further Statistics 2 - November2021 - Q4

1.1 Least Squares Regression

< QUESTION

Question Scheme Marks AOs
4(a) As elevation increases, temperature decreases. B1 3.4
1)
(b)
S, = —0.959+/8 820 655x 444.7[= —60 062.38727] M1 2.1
'-60 062..."
=————[=-0.0068009... :
8 820 655 [ | M1 1.1b
94.62 28130
a= -'b' =14.308... :
20 20 [ ] M1 1.1b
t=14.3-0.00681x * Alcso* 2.2a
(4)
(c) X
w=———] t=14.3-6.81w B1 3.3
[ 1000 ]
1)
2
444.7(1-(-0.959)%*) or a44.7-(£80062)° [ =35.7*] Blcso* | 1.1b
(d) 8820 655
1)
(residual)? = [1.4 — (14.3 — 0.00681(1100))]*> [=29.2...] M1 3.4
(e)(i) [29.2...+35.7 x 100%] awrt 82% Al 1.1b
)
(As the point representing this data contributes to the
. majority of the RSS), the point is possibly an outlier and Bl 3.5a
@©)(1) | should be investigated.
1)
(10 marks)
Notes
€] B1: Correct contextual interpretation
M1: Using pmcc to find S,
M1: Setting up linear model by attempting to find b
S
Note: Allow M2 for b=r [
(b) s,
M1: Setting up linear model by attempting to find a
Alcso*: Correct model t =14.3—0.00681x with a = awrt 14.3 and
b = awrt —0.00681 dependent upon all previous M marks.
(c) B1: Correct model
(d) Blcso*: Either correct expression
M1: Using the model to evaluate the squared residual
(e)(i) and | Al: awrt 82%
(i) B1: Evaluating the result obtained from the model to suggest that this point may

be an outlier

t.
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MARK SCHEME - Option 4B: Further Statistics 2 - June2025 - Q1 1.1 Least Squares Regression < QUESTION

Qu Scheme Mark AO
1(a 2 2
@ S, =171.828— 50.46 or S, =18004.47- >18.9 M1 1.1b
— —_ * - —_ —_ * *-
=2.08056 =2.081 *(3dp) ;=53.98933... =53.989* (3dp) ,:11* 1.1b(x2)
®)
(b) S, |7.8284
b=| = =|-——=(3.76... i
S, |2081 ( ) Mi 1.1b
a=2189 5040 41503, -"3.76.."%3364(=219..) ML) 11b
15 15
Equation of line is: y=21.9 + 3.76x Al 1.1b
@)
(©) (S,)
[RSS =S,, —S—y =] 24.5397... =awrt 24.5 B1 1.1b
1)
d) | §="21.9"+"3.76"x3.26 (= 34.1576) M1 3.4
[Residual =y —§ = 36.8 — “34.15...” = 2.6424] = awrt 2.6 Al 1.1b
(@)
(e) | "2.64.." ~ 7 which is a high proportion of RSS (so this value
. Bl 2.4
may be an outlier)
@)
(10 marks)

Notes

(@) | M1 for either correct expression
* 1Al cso for 2.081 or better following a correct expression
* 2" A1 cso for 53.989 or better following a correct expression

Al  forequation with a = awrt 21.9 and b = awrt 3.76
Note A correct equation scores MIM1A1

(b) | 1M1 for a correct numerical expression for gradient (or ft their S, =2.081, S, = 7.8284)
2"d M1for a correct expression for intercept (ft their b). May be implied by awrt 21.9

(c) |B1 for awrt 24.5

awrt 2.6
Al  forawrt2.6 (exact figures give 2.5979...)

(d) | M1 foranexpression for ¥ or the residual (ft their regression line equation). Implied by

e 1] n2
©) B1  Dependenton 0.25< 2.6
"24.5"

RA
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<1 for a suitable explanation based on their (d)? compared

with their (c) or other suitable calculations which enable a comparison to be made.
e.g. this residual is 27.5% of the total which is a large proportion”.
References to size e.g. “large” requires quoting the numerical value as well.




< QUESTION

Qu Scheme Marks AO
3 1| (Isfeasible as aresidual plot but) probably a non-linear relationship B1 2.2b
Since the residuals are not randomly scattered about zero B1 2.4
Il | Impossible as a residual plot B1 2.2a
Since the residuals do not sum to zero B1 2.4
111 | (Is feasible as a residual plot) and probably a linear relationship B1 2.2b
Since the points are randomly scattered about zero B1 2.4
(6)
(6 marks)
Notes

I | 18 B1 for stating possibly non-linear (allow a suitable sketch)
2" B1 for a suitable comment (e.g. follow a systematic pattern)

11 | 18 B1 for stating not feasible as a residual plot
2" B1 for a correct reason

11| 1B1 for stating probably a linear relationship
2" B1 for a suitable supporting reason




