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 Level 3 Bivariate Data Learning Workbook 7

Writing a basic report
A basic report on the relationship between two variables involves the following steps.

Writing a purpose statement

Identifying explanatory and response variables

Drawing a scatter plot with a line of best fit

Interpreting the gradient of the trend line in context

Making a prediction

Writing a conclusion

Purpose statement
This must describe:
• the variables you are investigating
• where the data came from
• what you are investigating and why. 

The purpose statement must not suggest what the outcome of the investigation will be.

Example

The table shows annual waste disposal quantities of settlements in Oregon, 1998. This data set is 
available online at ESA RESOURCES  www.esa.co.nz

Population 
(people)

Disposed 
(tons)

Population 
(people)

Disposed 
(tons)

Population 
(people)

Disposed 
(tons)

16 700 12 376 19 500 14 931 6 500 5 586

71 860 45 551 172 800 136 337 9 400 5 893

34 700 30 716 8 709 8 709 58 940 36 790

42 300 23 004 73 000 40 518 1 900 1 092

61 400 37 434 62 000 62 603 24 000 15 063

16 650 14 232 7 400 6 361 60 600 52 484

22 000 12 264 313 000 261 958 24 400 15 610

104 900 101 313 43 200 41 127 7 200 4 526

100 300 86 369 107 090 75 807 22 600 17 997

2 100 1 320 29 200 20 052 1 600 359

8 000 3 174 271 750 237 166 82 460 68 901

7 600 1 794 1 363 100 1 196 486
Source: QELP
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A good purpose statement for this set of data is:

I am going to investigate if there is a relationship between the population (number of people) in 
settlements in Oregon in 1998 and the amount of waste disposed (tons). I have taken the population as 
the explanatory variable and the waste disposed as the response variable.The source of the data is QELP.
or
Is there a relationship between the population (number of people) in settlements in Oregon in 1998 
and the amount of waste disposed (tons)? I have taken the population as my predictor variable and the 
waste disposed as the response variable. The source of the data is QELP.

ugurhan

157428319
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Write a purpose statement for each data set.

1. Armspan and wrist circumference

Armspan (cm) Wrist (cm)

150 13
134 13
142 14
120 13
164 16
175 19
159 15
162 16
166 16
174 17

 Source: CensusAtSchool secondary students

2. Neck circumference and hair length

Neck (cm) Hair length (cm)

28 34
20 15
30 32
29 7
35 94
0 32

30 320
32 5
28 310
30 60

 Source: CensusAtSchool secondary students

     

3. Mammals’ body and brain weights

Body weight kg Brain weight g

6 654.000 5 712.00
1.000 6.60
3.385 44.50
0.920 5.70

2 547.000 4 603.00
10.550 179.50

0.023 0.30
160.000 169.00

3.300 25.60
52.160 440.00

0.425 6.40
465.000 423.00

0.550 2.40

 Source: QELP

4. Fuel economy of American cars by engine size

Engine size 
(litres)

Miles per 
gallon (mpg)

3.2 24
3.2 25
3.2 26
2.8 26
2.5 27
2.8 26
5.7 28
5.5 14
3.5 14
5.7 13
1.8 29
5.0 23

 Source: QELP

     

Answers
p.  69
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Explanatory and response variables
An explanatory (independent) variable ‘explains’ or gives a reason for a change in the response 
(dependent) variable. In an experiment, values of the explanatory variable can be chosen or altered 
by the experimenter.
• The explanatory, or independent variable is plotted on the x-axis.
• The response or dependent variable is plotted on the y-axis.

In the example on page 7, involving Oregon settlements, 
‘population’ is the explanatory variable, and ‘annual amount of waste’ 
is the response variable. So the annual amount of waste depends on 
the number of people (and not the other way round!).

The relationship is positive: as the population increases, the annual 
amount of waste tends to increase as well. (In a negative relationship 
the response variable decreases as the independent variable 
increases.)

For each pair of variables, decide which is the response variable, which is the explanatory variable and 
whether you would expect the relationship between the two variables to be positive or negative.

1. Fitness level; hours of exercise

  

2. Amount of fertiliser; size of plant

  

3. Height of sunflower; hours of sunlight

  

4. Number of crimes; number of police

  

5. Amount of pollutants in a pond; number  
of fish

  

6. Weight of person; amount of food eaten 

  

7. Height of child; age of child

  

8. Death rate; number of doctors

  

9. Number of schools; literacy rate

  

10. River height; rainfall

  

brittak

458463775

Answers
p.  69
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Explanatory and response variables
An explanatory (independent) variable ‘explains’ or gives a reason for a change in the response 
(dependent) variable. In an experiment, values of the explanatory variable can be chosen or altered 
by the experimenter.
• The explanatory, or independent variable is plotted on the x-axis.
• The response or dependent variable is plotted on the y-axis.

In the example on page 7, involving Oregon settlements, 
‘population’ is the explanatory variable, and ‘annual amount of waste’ 
is the response variable. So the annual amount of waste depends on 
the number of people (and not the other way round!).

The relationship is positive: as the population increases, the annual 
amount of waste tends to increase as well. (In a negative relationship 
the response variable decreases as the independent variable 
increases.)

For each pair of variables, decide which is the response variable, which is the explanatory variable and 
whether you would expect the relationship between the two variables to be positive or negative.

1. Fitness level; hours of exercise

  

2. Amount of fertiliser; size of plant

  

3. Height of sunflower; hours of sunlight

  

4. Number of crimes; number of police

  

5. Amount of pollutants in a pond; number  
of fish

  

6. Weight of person; amount of food eaten 

  

7. Height of child; age of child

  

8. Death rate; number of doctors

  

9. Number of schools; literacy rate

  

10. River height; rainfall

  

brittak

458463775

Answers
p.  69

Drawing a scatter plot with a line of best fit
A scatter plot is a graph showing a set of points (pairs of related values for two variables) on a set of 
axes. A line of best fit or trend line is a line drawn through the set of points on the scatter plot to 
show the relationship (trend) between the two variables.

Scatter plots and trend lines can be drawn by hand, but it is much quicker and more accurate to 
draw them using a graphics calculator, or a spreadsheet, such as Excel. Graphics calculators and 
spreadsheets use the technique of linear regression to form the line of best fit (trend line) to model 
the relationship.

Note: The appropriateness of the trend line as a model should be decided visually.

The correlation coefficient, r, which measures the strength and direction of the linear relationship 
between the variables, can be calculated by taking the square root of R2. See page 21 for further 
explanation of these two measures. 

Instructions for drawing scatter plots and inserting trend lines on Excel, iNZight and NZGrapher are 
available online at ESA RESOURCES  www.esa.co.nz

Using software such as iNZight will produce a scatter graph such as the one shown below.

Note: There may be slight variations in the graph and equation produced (e.g. due to rounding).
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Annual waste disposal in settlements in Oregon 1998
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Population size

Waste (tons) = 0.8784 *Population size + – 4763.6
r = 0.99933

On your scatter graph you should have a line passing through the points, its equation  
(Waste (tons) = 0.8784 *Population size + –4763.6) and the correlation coefficient r = +0.9993 (line 
slopes up so take the positive square root of R2-value).
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Interpreting the gradient of the trend line
The gradient of the trend line gives information about the average change in the response variable 
for each unit of increase in the explanatory variable.

Note: It is useful to rewrite the equation of the trend line using letters related to the variables you are 
investigating, e.g. use W for weight.

Example

Using P for population (explanatory variable) and W for annual waste disposal (response variable), 
the equation of the trend line for the data set for waste disposal of settlements in Oregon 1998, is 
(to 4 sig. fig.)

W = 0.8784P – 4763.6

The gradient of the trend line is 0.8784. 

This means that, on average, for each extra person in the population of an Oregon settlement in 
1998, the amount of waste disposed increases by 0.8784 tons per year.

Use software to investigate the possible relationship between the variables in the following sets of 
data. Ensure you have the explanatory variable on the x-axis and the response variable on the y-axis.

For each trend line, write down the equation and the value of the correlation coefficient (r-value).

Also, state with justification whether or not the line is a good model for the data. 

All data sets are available online at ESA RESOURCES  www.esa.co.nz  
1. Velocity-depth data for the Columbia River below Grand Coulee Dam
 (measured 13 feet from the shoreline)

Depth (ft)
Velocity 
(ft/sec)

Data source: QELP

0.7 1.55

2 1.11

2.6 1.42

3.3 1.39

4.6 1.39

5.9 1.14

7.3 0.91

8.6 0.59

9.9 0.59

10.6 0.41

11.2 0.22

 Equation:

 r-value 

Answers
p.  69
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2. Wrist and neck circumferences for high school students 

Wrist cm Neck cm Wrist cm Neck cm

13 28 16 32
13 28 19 40
14 30 17 31
13 29 20 40
16 35 18 32
15 30 18 33
17 28 16 33
15 30 17 34
15 30 18 36
16 31 16 33
12 29 17 30
13 28 14 32
16 33 14 28
17 35 17 38
14 30 14 28

Data source: CensusAtSchool

 Equation:

 r-value 
3. Rainbow Glacier retreat, North Cascades, Washington 
 Position of glacier’s snout relative to 1985 position (negative values = glacier retreats/shortens)

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Position 
(metres) 0 –11 –22 –33 –44 –55 –60 –75 –96 –116 –137 –161 –201 –241 –246

Data source: QELP

 Equation:

 r-value 
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4. Sacramento Valley drainage
 Water quality and supply on Cortina Rancheria, Colusa County, California 
 Characteristics of selected streams along the west side of the Sacramento Valley Gaging Station

Gaging Station
Estimated mean annual 
rainfall, r (inches)

Average annual runoff 
per unit area, R (in.)

Middle Fork Cottonwood Creek near Ono 40 14.1

Red Bank Creek near Red Bluff 24 6.4

Elder Creek at Gerber 30 9.6

Thomes Creek at Paskenta 45 21.2

Grindstone Creek near Elk Creek 47 16.8

Stone Corral Creek near Sites 21 2.2

Bear Creek near Rumsey 27 6

 Data source: QELP 

 Equation:

 r-value 
5. Zinc versus lead concentrations in Spokane River fish, in parts per million (ppm)

Fish type and sample type: Lead concentration (ppm) Zinc concentration (ppm)
Rainbow Trout whole: 0.73 45.3

1.14 50.8

0.60 40.2

1.59 64.0

Largescale Sucker whole: 4.34 150.0

1.98 106.0

3.12 90.8

1.80 58.8

Mountain Whitefish whole: 0.65 35.4

0.56 28.4

Data source: QELP

 Equation:

 r-value 
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6. California power plants: Heat input in million British Thermal Units (MMBTU) and CO2 emissions in tons.

California power plant
Plant annual heat input 

(MMBTU)
Plant annual CO2 emissions 

(tons)
Alamitos 45 179 353 2 684 889

Broadway 1 902 299 113 051

Coachella 85 819 5 031

Cool Water 22 107 006 1 306 883

El Cajon 12 418 733

El Segundo 12 128 073 720 753

Encina 26 266 069 1 565 218

Gianera 109 260 6 322

Grayson 2 449 635 203 338

Haynes 7 928 255 471 165

Humboldt Bay 2 234 326 133 163

Kings Beach 3 408 283
Long Beach 1 854 822 108 170
Magnolia 139 463 8 076

Mandalay 13 840 019 823 269

McClure 39 998 2 979

Miramar 122 522 7 125

Moss Landing 57 304 904 3 405 559

Oakland 44 496 3 699

Ormond Beach 16 377 805 973 311

Pebbly Beach 311 866 25 925

Pittsburg 40 099 067 2 383 037

Potrero 8 345 753 519 699

Redding 10 339 185 608 293

Rockwood 44 467 2 659

Santa Clara Cogen 833 261 48 213

SCA 4 487 554 2 340 088

Scattergood 9 889 331 537 922

South Bay 23 038 851 1 353 523

SPA 2 460 438 145 701

Woodland 466 256 27 088

 Data source: QELP 

 Equation:

 r-value 
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Making a prediction from the regression equation
To make a prediction, substitute the value of the explanatory variable into the equation of the trend line 
(the regression equation) to calculate the value of the response variable.
• An interpolation is a prediction made within the range of explanatory values of the data; we can 

be more confident of a prediction made from an interpolation because we are more confident of 
the trend.

• An extrapolation is a prediction made outside the range of explanatory values of the data. Care 
should be taken when extrapolating as we cannot be certain if the trend we have observed will 
continue. For example, when investigating the effect of temperature on the growth of a plant, 
it may be observed that as the temperature increases, the growth of the plant also increases. 
However, an extrapolation of the trend line to predict the growth of a plant at 100 °C would not be 
sensible as the plant would almost certainly not have survived at this temperature.

It is important to note that the regression equation can only be used to predict the value of a response 
variable, for a given value of the explanatory variable (it cannot be used to predict the value of an 
explanatory variable for a given value of the response variable).

Example
Predict the annual number of tons of waste disposed by an Oregon settlement of population 
23 600 in 1998.

Solution
The regression equation (equation of the trend line) for waste disposed versus population was 
found earlier to be:
W = 0.8784P – 4 764

Substituting P = 23 600 into the regression equation gives:
W = 0.8784 × 23 600 – 4 764
 = 15 966.24 tons

Rounding sensibly (since the prediction is an estimate) the annual waste disposed by the Oregon 
settlement in 1998 would be estimated to be about 16 000 tons.

Paula Massey / EyeEm

568543797
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Answers
Describing the relationship (page 4)

Relationship 
between variables Scatter

Outliers or 
groupings

1. Positive moderately 
strong linear 
relationship

Moderate 
reasonably 
constant scatter

One point away 
from rest at height 
of 190 cm

2. Strong positive linear 
relationship

Low consistent 
scatter

Grouping of more 
points around 
wrist of 16–17 cm 
than elsewhere

3. No linear relationship 
(potentially a 
moderate non-linear 
relationship)

Moderate to high 
(travel times for 
27 cm foot length 
are the most 
variable)

The general 
scatter of the 
graph means that 
no point seems an 
obvious outlier

4. Moderate negative 
linear relationship

Variable (more 
scatter for low 
values of energy 
importance)

Outlier around 
(100,90)

5. Strong non-linear 
relationship

Consistent low 
scatter

None

6. No obvious 
relationship although 
there may be one in 
the group of points 
corresponding to an 
area below 1 million 
square miles

Variable and large 
amounts of scatter 
in the areas of 
countries for a 
given population 
size

Several points 
away from the 
majority of points 
(large countries 
with areas over 
3 million square 
miles)

Purpose statements (page 9)
1. Is there a relationship between the armspan (cm) and the 

wrist circumference (cm) of students? I have taken the wrist 
circumference as the explanatory variable and the armspan as the 
response variable. The source of the data is CensusAtSchool.

2. Is there a relationship between the neck circumference (cm) 
and the hair length (cm) of students? I have taken the neck 
circumference as the explanatory variable and the hair length as 
the response variable. The source of the data is CensusASchool.

3. Is there a relationship between the body weight (kg) and the 
brain weight (g) of animals? I have taken the body weight as 
the explanatory variable and the brain weight as the response 
variable. The source of the data is Allison and Cicchetti (1976).

4. Is there a relationship between the engine size (L) and the 
highway mileage (mpg) of cars? I have taken the engine size as 
the explanatory variable and the highway mileage as the response 
variable. The source of the data is QELP.

Identifying explanatory and response variables  
(page 10)

Explanatory variable Response variable Relationship

1. Hours of exercise Fitness level Positive

2. Amount of fertiliser Size of plant Positive

3. Hours of sun Height of sunflower Positive

4. Number of policemen Number of crimes Negative

5. Amount of pollutants Number of fish Negative

6. Amount of food eaten Weight Positive

7. Age of children Height Positive

8. Number of doctors Death rate Negative

9. Number of schools Literacy rate Positive

10. Rainfall River height Positive

Drawing scatter plots and trend lines using 
Excel™ (page 12)
1. V = –0.116d +1.68, R2 = 0.878, r = –0.94

 The trend line looks to be a very strong fit for the data as the 
points lie close to the line and an r-value near –1 of –0.94 
confirms this.

2. n = 1.3517w + 10.623, R2 = 0.6077, r = 0.78

 The trend line looks to be a strong fit for the data as the points are 
scattered near the line and an r-value of 0.78 confirms this.

3. p = –16.75t + 37.51, R2 = 0.964, r = –0.98

 The trend line looks to be a very strong fit for the data as the points 
lie reasonably close to the line and an r-value near –1 of –0.98 
confirms this. 

4. R = 0.618r – 9.791, R2 = 0.920, r = 0.96, where R = runoff and 
r = rainfall

 The trend line looks to be a very strong fit for the data as the 
points lie close to the line and an r-value near 1 of 0.96 confirms 
this.

5. z = 28.72l + 19.54, R2 = 0.884, r = 0.94

 The trend line looks to be a very strong fit for the data as all but 
two of the points lie very close to the line and an r-value near 1 of 
0.94 confirms this.

6. C = 0.0584h + 50 306, R2 = 0.8659, r = 0.93

 The trend line looks to be a very strong fit for the data as all 
points but one (4 487 554, 2 340 088) lie very close to the line 
and an r-value near 1 of 0.93 confirms this.

Making a prediction from the regression 
equation (page 17)
1. a. 1.1 ft/sec b. 0.4 ft/sec

2. a. 31.2 cm b. 30.5 cm

3. a. –280 m b. –350 m

4. a. 11.8 inches b. 5.2 inches

5. a. 67 ppm b. 78 ppm

6. a. 87 000 tons b. 87 000 tons

Writing a conclusion (page 19)
Note that these answers are based on the iNZight trend line equations.

1. The relationship between the velocity (ft/sec) of the Columbia 
River and its depth (ft) is a very strong, negative linear 
relationship. This means that as the depth increases, the velocity 
tends to decrease. The trend line looks to be a good fit for the 
data as the points lie close to the line and an r-value near –1 of 
–0.94 confirms this.

 The equation of the trend line is V = –0.11651d + 1.68 which 
indicates that on average, the velocity of the Columbia River 
decreases by 0.11651 feet/sec per 1 foot increase in the depth. 
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The velocity of the Columbia River could be estimated by 
multiplying the depth of the river by –0.11651 and adding 1.68.

2. The relationship between the neck measurement (cm) and the 
wrist measurement (cm) is a strong, positive linear relationship. 
This means that as the wrist measurement increases in size, the 
neck measurement tends to increase. The trend line looks to be a 
reasonably good fit for the data as the points lie close to the line 
and an r-value of 0.78 confirms this.

 The equation of the trend line is N = 1.3517w + 10.62 which 
indicates that on average, the neck measurement increases by 
1.3517 cm per 1 cm increase in the wrist measurement. The neck 
measurement of a person could be estimated by multiplying the 
wrist measurement by 1.3517 and adding 10.62.

3. The relationship between the runoff (inches) and the rainfall 
(inches) is a very strong, positive linear relationship. This means 
that as the rainfall increases, the runoff tends to increase. The 
trend line looks to be a very good fit for the data as the points lie 
close to the line and an r-value of 0.96 confirms this.

 The equation of the trend line is Runoff = 0.61851 × Rainfall 
– 9.78, which indicates that on average, the runoff increases by 
0.61851 inches per 1 inch increase in the rainfall. The amount of 
runoff in the Sacramento Valley could be estimated by multiplying 
the rainfall by 0.61851 and subtracting 9.78.

4. The relationship between the zinc concentration in Spokane 
River fish (ppm) and the lead concentration (ppm) is a very 
strong, positive linear relationship. This means that as the lead 
concentration increases, the zinc concentration tends to increase. 
The trend line looks to be a very good fit for the data as the points 
lie close to the line and an r-value of 0.94 confirms this.

 The equation of the trend line is Zinc = 28.725 × Lead + 
19.54, which indicates that on average, the zinc concentration in 
Spokane River fish increases by 28.725 ppm per 1 ppm increase 
in the lead concentration. The concentration of zinc in a fish in 
the Spokane River could be estimated by multiplying the lead 
concentration by 28.725 and adding 19.54.

5. The relationship between the plant annual CO2 emissions and the 
heat input (MMBTU) is a very strong, positive linear relationship. 
This means that as the heat input increases, the CO2 emissions 
tend to increase. The trend line looks to be a very good fit for 
the data as the points lie close to the line and an r-value of 0.93 
confirms this.

 The equation of the trend line is Emissions = 0.058432 × 
Heat.input + 50305.59 which indicates that, on average, CO2 
emissions increase by 0.058432 tons per 1 MMBTU increase in the 
heat input. The amount of CO2 emissions could be estimated by 
multiplying heat input by 0.058432 and adding 50305.59.

Interpreting the correlation coefficient  
(page 23)
1. An r-value close to –1 shows there is a very strong negative linear 

correlation between the depth of the Columbia River and its velocity.

2. An r-value of +0.78 shows there is a strong positive linear 
correlation between wrist circumference and neck circumference.

3. An r-value of –0.98 shows there is a very strong negative linear 
correlation between the years since 1958 and the position of the 
snout of the Rainbow Glacier.

4. An r-value close to +1 shows there is a very strong positive linear 
correlation between mean annual rainfall and average annual 
runoff per unit area in the Sacramento Valley drainage area.

5. An r-value of 0.94 shows there is a very strong positive linear 
correlation between zinc and lead concentrations in Spokane River 
fish.

6. An r-value of 0.92 shows there is a very strong positive linear 
correlation between heat input and CO2 emissions in California 
power plants.

7. a. 0.51 b. –0.66  c. –0.59  d. 0.78

 e. –0.78 f. 0.9  g. 0.34  h. –0.12

Correlation and causality (page 27)

No.
Explanatory 

variable
Response 
variable Causality?

Lurking 
variable

1.
Number of 
televisions

Death rate No Wealth

2.
Amount of 
fertiliser

Size of tree Yes

3.
Number of 
factories

Pollution 
level

Yes

4. Birth weight IQ level No Wealth

5. mm of rain River height Yes

6. Body weight Heart rate No Fitness

7.
Advertising 
budget for 
product

Sales of 
product

Yes

8.
Number 
of cars in 
household

Total annual 
distance 
driven by 
household

No
Number of 
drivers in 
household

9.
Weight of an 
adult

BMI of 
adult

Yes

10.
Annual income 
of person

Annual rent 
paid

No

Location of 
job; choice of 
accommodation 
(e.g. living at 
home)

Limitations of and improvements to the model  
(page 31)
1. Removal of the two very heavy animals (elephants) may give 

a clearer understanding of the relationship between the body 
weight and the brain weight of the other animals.

2. The trend line will have a lower gradient because of one unusual 
data point (Alaska, with area of 660 000 square miles but 
population of 550 000). Removal of this point may give a clearer 
understanding of the relationship between the populations and 
areas of states of USA. 

3. The mileage rate predicted for an engine size of 0 litres would be 
approximately 40 mpg, which is impossible.

4. Limitation is that the sunflower will not continue to grow at 
the same rate, so that any extrapolation should be only a small 
number of days ahead. Also, the equation of the trend line 
indicates that the height of the sunflower at initial planting (when 
x = 0) is –13.84 cm, which does not make sense.
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