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STATISTICS 3.11  Internally assessed
4 credits

Conduct an experiment to investigate a
situation using experimental design principles

 Experiments
In this standard you will use each component of the 
statistical enquiry cycle (PPDAC) in order to conduct 
a statistical experiment reporting outcomes using 
informed contextual knowledge, exploratory data 
analysis, and statistical inference.

Problem

Plan

DataAnalysis

Conclusion

Experiments involve collecting data to help answer a 
statistical question. The key elements that distinguish 
an experiment from an observational study are the 
random assignment of participants to groups, and the 
use of a particular treatment or intervention that is 
imposed on the experimental units (participants) by 
the experimenter.

For example, investigating the levels of FEV (a measure 
of lung function) in smoking and non-smoking children 
would be an observational study as it would not be 
possible (or ethical) to randomly choose which children 
in the study would smoke and which would not.

 The statistical enquiry cycle
Using the cycle to carry out the experiment will involve 
the following.
• Problem: Decide on the question that is to be 

investigated. This must be a causality question 
(Does … cause … ?).

• Plan: Plan the experiment. Describe in detail the 
way the experiment is to be conducted, identifying 
the variables and experimental units that will be 

used, the treatments that will be applied, and how 
data will be collected and recorded.

• Data: Carry out the experiment and collect data.
• Analysis: Use and discuss appropriate displays 

and measures. Graphs will include dot plots and 
box-and-whisker plots. Suitable statistics may 
include mean and standard deviation, medians, 
interquartile range. Use randomisation to further 
analyse data by assessing the strength of analysis. 
Formal confi dence intervals can be used to 
make inferences about the population from which 
the sample was taken.

• Conclusion: Communicate your fi ndings in a 
conclusion, ensuring you answer the question 
posed. Include a discussion of any other 
possible sources of variation and the effect of 
randomisation.

A statistical experiment investigates causality – the 
goal is to determine whether an intervention or 
treatment applied to an independent variable 
causes a change in the dependent variable (i.e. 
the variable that is to be measured) so this must be 
refl ected in the question asked.

Purpose and plan
When designing an experiment it is important to 
familiarise yourself with the context and cite results 
from any relevant studies, e.g. ‘A new study confi rms 
that the reaction times of cell phone users slows 
dramatically, increasing the risk of accidents’.

This research can then be refi ned into a specifi c 
question to be investigated by conducting an 
experiment: ‘Does texting while driving cause students 
to have a slower reaction time?’

You should include a prediction of the results you think 
you will obtain.
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Experimental design
One method of experimental design is comparing 
two independent groups in which each participant 
is placed into one of two groups. This method is often 
used in medical trials where one group is given a new 
treatment while the other is given a placebo (neutral 
treatment), or used as a control group. Alternatively, 
each group can be given a different treatment and 
then results compared.

It is important that participants are randomly 
assigned to groups. This could be done using a 
list of the individuals and using random numbers 
(2Ran# + 1) to assign participants to each group until 
one group has half the individuals, with the remaining 
participants being placed in the second group. 
Assigning participants to groups in this way is called 
randomisation and is the most reliable method 
of creating groups while avoiding any potential 

biases. By randomly assigning individuals the groups 
should be ‘balanced’ (as similar as possible in every 
respect) except for the treatment each group receives. 
When experimental results from the groups are then 
compared, it is a comparison of ‘like with like’ so that 
the experiment being conducted is a fair test.

While randomisation helps to ensure that groups are 
as similar as possible, the results of a single experiment 
may not necessarily be reliable. To improve the 
reliability of results, participants can be re-randomised 
and the experiment repeated. This process is called 
replication. Replication improves the confi dence that a 
researcher can have in their conclusions.

Sources of variation need to be considered and 
their impact minimised, for example the order in which 
treatments occur may need to be considered to ensure 
it is the treatment rather than the order that is causing 
a change.

 Exercise A:  Problem and plan
1. Listed below (i–vii) are some terms associated with 

experimental design. Match each with the letter of 
its explanation from the list a–g.

  i. sources of variation

  ii. randomisation

  iii. experimental design

  iv. replication

  v. independent variable

  vi. treatment

  vii. dependent variable
 a. the quantity changed by the experimenter
 b.  the process of ensuring participants are 

randomly assigned to groups
 c.  the quantity being measured by the 

experimenter
 d.  factors that could adversely affect the outcome 

of the experiment
 e.  what is being done to the participants in the 

experiment
 f.  rules for assigning treatments to participants in 

an experiment
 g.  repeated application of some treatment on re-

randomised groups

Ans. p. 55
2. An experiment was conducted to see if rats could 

learn their way through a maze better with music 
playing or without music playing. The rats were 
randomly assigned into treatment groups. It was 
found that the rats with music had lower maze 
times than those without. The rats were then 
reassigned to two groups and the experiment 
repeated.

 a. What type of experiment is being conducted?

 b.  What term is applied to the repetition of the 
experiment and why is this process important?

3. A new brand of margarine has been introduced 
to the market. The manufacturers claim that 
the margarine, if used to replace their usual 
margarine/spread for a period of seven weeks, 
will lower cholesterol levels. A researcher has 
decided to randomly select 50 people to trial 
the margarine and 50 people to act as a control 
group. He records the cholesterol levels of all 
participants at the beginning of the trial and again 
after seven weeks.
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 a.  Why does the researcher need to use a control 
group?

 b.  What factors does the researcher need to 
consider to ensure that he can draw a valid 
conclusion about the benefi ts of using the 
margarine at the end of his experiment?

4. Rangi is conducting an experiment. He wishes to 
randomly assign his classmates to two groups. 
He goes around the room alternately assigning 
students the number one or two to decide which 
group each student is in. Why would this not be a 
suitable method of random assignment?

5. Zane is conducting an experiment to determine if 
the size of a bottle affects a person’s estimate of 
the volume of the contents. He places 300 mL of 
water in a transparent 1.5 L Coke™ bottle which 
is shown to one group, and he places 300 mL of 
water in a transparent 1L Pump™ bottle shown to 
a second group. Each person estimates the volume 
of water in the bottle. What sources of variation, 
other than the size of the bottle, should Zane 
consider that could affect people’s estimates of the 
volume of water in the bottle?

6. Petra is conducting an experiment to determine 
if the wearing of make-up by a woman affects 
the estimation a participant would make of that 
woman’s age.

 Petra has obtained two photographs of a well-
known person, one with make-up and one 
without, and she will ask participants to estimate 
the age of the woman in each photo.

 What sources of variation should she consider 
that could affect estimates of age, other than the 
wearing of make-up?

 

7. Cassie is conducting an experiment to determine 
if listening to music helps students memorise a 
list of words. She plans to play a piece of baroque 
music to one group while they try to memorise a 
list of 20 words, while the second group tries to 
memorise the same list of words in silence. Both 
groups will be given the same length of time in 
which to memorise the words.

 What factors should Cassie consider in her 
planning, in order to be able to claim that it was 
the music that caused any observed differences in 
the numbers of words memorised? 
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8. Hana is conducting an experiment to determine if 
stretching prior to an activity changes the time a 
student can hold a stretch position. She plans to 
measure how long a participant can hold a wall-
sit, either with or without prior stretching.

 What factors other than stretching should Hana 
consider in her planning that may affect a 
participant’s ability to hold a wall-sit?

 

9. Corrine is going to conduct an experiment to 
determine if students can jump higher if a target is 
placed on a wall than if no target is used.

 a.  Write a question that Corrine could use in her 
investigation.

 b.  What type of experiment could Corrine 
conduct in order to determine if having a 
target caused students to jump higher?

 c.  Write a set of instructions that would allow 
Corrine to conduct such an experiment.
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I am going to conduct an experiment to answer the 
question ‘Does texting cause students to have a slower 
reaction time?’. I believe I will fi nd that the reaction 
time will be slower when students have the distraction 
of texting.

Plan
I will collect data from 40 students in a Year 13 class 
(the experimental units) by doing an experiment 
involving the comparison of two independent groups. 
The students will be randomly assigned to two groups 
and texting or not will be the treatment variable: 
one group will have their reaction time with texting 
recorded; the other group will have their reaction time 
without texting recorded. I will then compare the effect 
of texting on reaction times, where reaction time will 
be the response variable measured in seconds. To do 
this I will use an online reaction tester.

I will split the students into two groups by randomly 
assigning each student to one of the two groups. To 
do this I will take a list of the students and for each 
student generate a random number on my calculator 
by using 2Ran# +1. If I get a 1, the student will go 
into group 1 and a 2 puts the student in group 2. I will 
continue until one group has 20 members and then 
the rest will be assigned to the other group. The fi rst 
group will do the experiment with texting, while the 
second group will do the experiment without texting.

Students will practise on the reaction tester for 
5 minutes. Group 1 will then measure their reaction 
times (while texting) three times. I will ask students to 
record the median reaction time. I have chosen to use 
the median rather than the mean since, if a student 
receives a penalty time, where they react before the 
obstacle appears, the median will not be affected, 
whereas the mean would increase. Group 2 will take 
the same measures, but without texting.

To minimise possible sources of variation, I will ensure 
all students complete the test at the same time of 
day and ensure they have all had the same class 
beforehand. Students in the texting group will all use 
their dominant hand to complete the reaction test to 
ensure it is not which hand they use that affects their 
reaction time. I will ensure that all students use the 
same type of device for the reaction test, by providing 
the same laptop type to all students so it is not the 

type of device that contributes to any differences 
in reaction time. (Students will be given time to 
familiarise themselves with the laptop if necessary.)

Data

Group 1
Reaction times 

with texting (secs)

Group 2
Reaction times 
without texting

1.6 1.2
1.2 0.7
1.2 1.2
1.6 1.4
1.4 1.3
1.2 1.3
1.7 1.2
1.3 1.2
1.3 0.9
0.8 1.4
1.2 1
1.3 1.2
0.9 0.8
0.9 0.9
1.3 1.2
1.2 1.3
1.7 0.8
1.1 0.9
1.8 1
1.7 1.2

 This data set is available at RESOURCES .
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Summary of statistics: 

Min. 25% Median Mean 75%. Max. Std.dev Sample.Size

with 0.8 1.2 1.3 1.320 1.600 1.8 0.288 20

without 0.7 0.9 1.2 1.105 1.225 1.4 0.211 20

Investigating the effect of randomisation:

From the box-and-whisker plots we can see that students generally had a faster reaction time when not texting. 
Both groups in the experiment had times clustered around 1.2 seconds, but reaction times without texting had no 
times greater than 1.4 secs, while the longest reaction time while texting was 1.8 seconds.

The upper quartile for the reaction time without texting (1.225 secs) is lower than the median time while texting 
(1.3 secs), which means that 75% of the students who were not texting had a faster reaction time than more than 
50% of the students who were texting.

The data for the reaction time without texting is skewed to the left, with the data being spread more to the left 
of the centre than to the right, while the data for reaction times with texting is more symmetrical with the median 
being half way between the maximum and minimum values. 

The median reaction time while texting (1.3 secs) is slightly slower than the median reaction time without texting 
(1.2 secs), giving a difference of 0.1 secs for this sample, while the mean reaction times show a greater difference 
(1.32 secs compared with 1.105 secs respectively). The mean and median reaction times while texting are similar 
(1.3 and 1.32 seconds), with a greater difference between the mean and median reaction times without texting 
(1.105 and 1.2 seconds). This would be as a result of the more extreme values in the ‘without texting’ group. 

Conclusion
From the re-randomisation distribution, approximately 5.8% of the time a difference between medians 
of 0.10 secs or greater occurs when chance alone is acting. It is therefore unusual to see a difference of 
0.10 seconds or more in median reaction times by randomly assigning participants to groups, regardless of 
whether they were texting or not, so I can claim that texting caused the difference in reaction times.
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These results are consistent with experiments 
conducted by other researchers – ‘Essentially texting 
while driving doubles a driver’s reaction time,’ says 
Christine Yager, who led a 2011 study conducted by 
the A&M University’s Texas Transportation Institute.

When conducting the experiment, I noticed that some 
individuals, rather than texting a message, repeatedly 
texted a single letter. This made it simpler for a student 
to react when required. To make my results more 
realistic, if I repeated the experiment I could give 
participants a set phrase to text in order to standardise 
the message used.

One further limitation for my experiment was that 
participants were generally having to use the hand 
they usually texted with to operate the reaction time 
test. This may have had an impact on their reaction 
times but without an alternative method of testing this 
could not be changed. 

Students were also using a variety of cell phone 
sizes and this would need to be investigated to 
see if this had an impact on their reaction times. 
Some students were able to text without looking at 
their phones while others had to look or use their 
peripheral vision to observe the computer screen. This 
would have a signifi cant effect on reaction times. A 
further experiment could require students to look at 
their phones while reacting and compare this to the 
reaction times when not looking. Those who were 
experienced with texting were likely to perform better 
in this test than those who text infrequently.

Also, the reaction test gave students a time penalty 
if they reacted too soon. Some students, when 
incurring this penalty, rejected this trial and repeated 
the experiment while others used this as one of their 
times. If I repeated this experiment I would need to 
clarify what was expected so the results were more 
consistent. 

One signifi cant limitation in this experiment is that 
students were aware that ‘something’ was going 
to happen and so were prepared to react. In a real 
driving situation, hazards are unexpected and hence 
reaction times would be highly likely to be slower. 
A more sophisticated testing mechanism would be 
required to overcome this limitation. 

To be more confi dent about my fi ndings, a larger 
group would have been benefi cial. With only 
20 students in each experiment group there may have 
been signifi cant variation due to individual differences 
which would have been minimised with a larger 
number of students. 

I have also only considered using the cell phone for 
texting. It would also be of interest to use a similar test 
for making and receiving calls using the cell phone. 

There are factors other than reaction time that impact 
on car accidents which could be investigated to see if 
they have more impact than cell phones, such as driver 
fatigue, inexperience, alcohol use, etc. 

These fi ndings apply only to the Year 13 students 
involved in this experiment; however, as they are 
typical of Year 13 students at our college it is likely 
that these results would apply to all Year 13 students 
here. This information from this experiment may not 
be valid for students from other year levels as Year 13 
students are more likely to be regular drivers than 
those at lower levels and may also be more used to 
texting whilst driving and may well have developed 
techniques to do so. 

As we only have female students in the experiment, 
it is unlikely that these results would apply to the 
general population as males and females in general 
are likely to have different reaction times (an 
experiment at Colorado University found that the mean 
male reaction time was lower than that of females, i.e. 
males had faster reaction times (source: http://www.
colorado.edu/eeb/courses/1230jbasey/abstracts%20
2008/4.htm) and as recent drivers, students’ reaction 
times may not refl ect those of the general population.
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 Practice assessment
How good are you at remembering things? There are lots of claims made about ways to improve your ability to 
remember facts and information, and improve your short-term or long-term memory.

 

This practice assessment task requires you to produce a report describing an experiment investigating a factor 
which infl uences a person’s ability to recall information.

Use the following steps:
1. Identify the factor you are going to investigate, a purpose for your investigation and an investigative 

question. The experiment must generate numeric data.
2. Research and consider possible factors that may infl uence memory.
3. Write a plan for an experiment which includes: 
 • selecting experimental units
 • determining treatment and response variables
 • determining allocation of treatments to experimental units
 • determining data collection and recording methods
 • considering other sources of variation. 
4. Conduct the experiment. Record the data, making notes about your observations of the data collection and 

experimental processes. Record any issues that arise. 
 Write a report containing the following:
 • The purpose of the experiment.
 • Your investigative question.
 • A prediction.
 • The fi nal plan and the process used to collect and record the data.
 • Relevant graphs and relevant summary statistics, with discussion of key features.
 •  A formal statistical inference using a randomisation test to assess the strength of evidence. This should 

include a discussion of the size/nature of any effect and the strength of evidence.
 • A conclusion communicating your fi ndings and refl ections about the experiment.
 •  An appendix of evidence of how you conducted the experiment. For example: bibliography of research 

references, draft copies of the plan, raw data from your experiment, notes made when doing the 
experiment, and the texts used in your experiment.

Ans. p. 67
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 Exercise A: Problem and plan (page 2)
1. i. d  ii. b  iii. f  iv. g

 v. a  vi. e  vii. c

2. a. This is a comparison of two independent groups.

 b.  Replication. If an experiment is replicated any conclusions are 
more reliable.

3. a.  The control group is necessary to ensure that any changes in 
cholesterol level were due to the change in their margarine 
rather than to other factors.

 b.  The experimenter needs to ensure as much as possible that the 
people in the trial do not use other brands of margarine or take 
other measures to reduce their cholesterol levels during the 7 
weeks. He would need to ensure that the cholesterol levels are 
measured accurately at the beginning and end of the trial.

4. Answers may vary – other responses may also be valid.

 This method is unlikely to be random as students may be sitting in 
groups – e.g. friendship groups, or in some other order which would 
mean the groups are no longer random. 

5. Answers may vary – other responses may also be valid.

 The time allowed to make the estimate (is there time to calculate an 
answer?); the colour/shape/style of the bottle; a participant’s familiarity 
with the volume of the bottle when full; the experience a participant 
has with estimating volumes of fl uid.

6. Answers may vary– other responses may also be valid.

 The size of the photograph; the hairstyle (hair up or hair down); the 
colour of the clothing; facial expressions (e.g. smiling or not); the 
familiarity that a person has with the identity of the woman (the 
participant could already have a reasonable idea of her age) 

7. Answers may vary.

 Lighting in the room; the time of day; the intrusion of outside noises; 
the position from which words are observed; the devices used to 
record the words memorised; the familiarity of a person with working 
to music.

8. Answers may vary.

 Type/duration of stretching done; the depth of the wall-sit (the further 
down someone crouches, the harder the wall-sit); the method of 
support allowed during the wall-sit (e.g. hands on or away from wall, 
feet fl at on ground); the amount of activity done immediately prior 
to the experiment (e.g. some participants may have already walked 
upstairs to get to class, or have just come from a PE class). 

9. Answers may vary. Examples follow.

 a.  Does having a target on a wall result in students being able to 
jump higher?

b. Comparison of two independent groups

 c.  Obtain a list of students and randomly assign them to one of two 
groups (as above). By randomly selecting the groups this should 
minimise differences created by the physical differences between 
/ abilities of individuals. Group 1 will jump with a target, Group 2 
will jump without a target and the jumps of the two groups will 

 ANSWERS

be compared. Have Group 1 jump from a marked spot against a 
wall and reach up as high as possible. Measure the height their 
fi ngertips reach. Place a target at a height well above the highest 
height reached by the fi rst group. Have the second group jump 
from the same marked spot and measure the height reached on 
the wall.

 Exercise B: Analysis (page 5)
Discussions will vary – examples are shown.

1. Comments may vary

a. The distribution of the weights of kiwis appears unimodal with 
a peak around 2.25 kg, and skewed to the right (which suggests 
the mean weight of kiwis is higher than the median weight of 
kiwis). The heaviest kiwi has a weight of approximately 4.2 kg, 
while the lightest kiwi has a weight around 1.5 kg – this large 
difference in weights could refl ect the difference between the 
weights of immature (young) and mature kiwis. 

b. The distribution of the heights of kiwis has a mode around 37 cm 
and has two clusters: a larger group with heights between 
35 cm and 43 cm, clustered around 38 cm, and a smaller group 
with heights from 43 cm to 52 cm, clustered around 46 cm (with 
a gap around 43 cm). These clusters may refl ect differences in 
heights between male and female kiwis of one species, or the 
difference in heights between kiwis of two different species. The 
tallest kiwi is around 52 cm, with the smallest around 35 cm.

c. The distribution of student foot lengths appears unimodal, 
skewed to the right (as a result of a few very long foot lengths) 
with a result that the mean foot length is longer than the 
median foot length. The longest foot length is around 105 cm. 
This would suggest an error in measurement – realistically, 
foot lengths greater than 40 cm are unlikely to be correct (the 
longest recorded foot length is 47 cm). The shortest foot length 
of around 8 cm may also be an error in measurement (or that of 
a young child). Without these measurements, the distribution 
would be quite symmetrical with the majority of students having 
foot lengths between 20 and 30 cm. 

d. The distribution of students’ heights appears bimodal – with a 
peak around 160 cm and a second peak around 190 cm – this 
may have resulted from height differences between male and 
female students. There are some obviously incorrect heights – 
two students gave heights of over 400 cm, which is impossible. 
Similarly four students gave heights around 0 cm. Without these 
measurements, the distribution would be somewhat skewed to 
the left, due to the small cluster of heights just under 100 cm – if 
these heights are in fact correct, this may represent a group of 
very young students within the dataset. 

e. The distribution of scores in the memory game appears quite 
symmetrical – so the median and mean would have around the 
same value. There is a small cluster of participants who scored 0, 
with one participant scoring close to 90. No participants scored 
between 15 and 25, with most participants scoring between 30 
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and 60 points. The distribution appears somewhat normal – with 
a central peak around the median and tapering off to each side 
of the median (aside from a spike at 50 points). 

f. The distribution of the number of texts sent the previous day is 
unimodal with a peak at zero texts. The distribution is skewed 
to the right with the mean being higher than the median as a 
result of the few students who sent very large numbers of texts, 
including two who sent over 2 000 texts. These extreme numbers 
of texts should be checked (while very high, these numbers 
would be possible and so may not be errors in the dataset). 

2. a.  It would not be possible to randomly assign the people to the 
fi sherman/non-fi sherman groups. It would also not be possible to 
manipulate any variable (i.e. the introduction of mercury through 
fi sh consumption).

b. The range of mercury levels in fi shermen is considerably higher 
than that for non-fi shermen, hence mercury levels for non-
fi shermen are more consistent. The distribution for mercury levels 
for fi shermen is skewed to the right, mainly due to two fi shermen 
with mercury levels above 15 µg/L. This results in the mercury 
level for fi shermen having a mean somewhat higher than the 
median (mean of 4.18 µg/L compared with median of 3.73 µg/L). 
The distribution of mercury levels for non-fi shermen is more 
symmetrical and only slightly skewed to the right, with the mean 
of 2.617 µg/L only slightly higher than the median of 2.478 µg/L. 
The lowest levels of mercury are observed in fi shermen 
(0.025 µg/L compared with 0.745 µg/L for non-fi shermen).

 Both boxes (representing the middle 50% of mercury levels) have 
similar widths, but the box of mercury levels is shifted further up 
the scale for fi shermen compared with non-fi shermen. 

 The median mercury level for fi shermen is slightly higher than the 
upper quartile mercury level for non-fi shermen – this suggests 
50% of fi shermen have mercury levels higher than 75% of non-
fi shermen. The difference between median mercury levels for 
fi shermen and non-fi shermen is 1.254 µg/L.

 The median mercury level for non-fi shermen lies within the 
fi shermen’s box so it cannot be concluded that the median 
mercury levels for fi shermen and non-fi shermen are different 
back in the populations.

3. a.  Participants are not randomly assigned to groups – they are 
already either skeptics or believers.

b. The distribution of ESP scores for skeptics is symmetrical and has a 
bell-shaped curve similar to that of a normal distribution, with both 
the mean and median ESP score being 10. The distribution of ESP 
scores for believers appears bimodal – with peaks at the lower and 
upper quartiles. ESP scores for believers have a higher range (13 
compared with 9 for skeptics) and so are less consistent.

 The median ESP score for believers and skeptics has the same 
value of 10 points. The highest ESP score was seen in a believer 
(18) compared with a high of 15 for skeptics. The boxes of the 
middle 50% of ESP scores for both skeptics and believers are 
both symmetrical with the same interquartile range. 

4. a.  This would be an experiment provided the rats are randomly 
assigned to one of the two groups. An intervention is introduced 
and controlled by the experimenter. 

b. The median cerebral blood volume for rats whose whiskers 
were stimulated is signifi cantly higher (3.284 mm3) than the 
median cerebral blood volume for rats whose whiskers were not 
stimulated (1.842 mm3) as both medians lie outside the other 
group’s box.

 The interquartile range for the rats whose whiskers were 
stimulated (1.198 mm3) is greater than that for rats whose 
whiskers were not stimulated (0.587 mm3) which suggests that 
the cerebral blood volumes are less consistent for rats whose 
whiskers were stimulated.

 The middle 50% of cerebral blood volumes for rats with whiskers 
stimulated is shifted to the right of rats without stimulation – 
more than 75% of rats with whiskers stimulated had cerebral 
blood volumes greater than 75% of rats without whiskers 
stimulated. 

5. Answers will vary

a. Cloud seeding involves introducing a chemical such as silver 
iodide into a cloud, usually done to increase rainfall. 

b. May need to consider cloud altitude, cloud type, wind conditions, 
temperature. 

c. The median rainfall for seeded clouds is 3.85 mm compared with 
3.565 mm for non-seeded clouds, a difference of 0.285 mm. The 
quantity of rainfall has an interquartile range of 6.16 mm for 
seeded clouds compared with 4.293 mm for unseeded clouds, 
which suggests that the middle 50% of rainfall quantities are less 
consistent for seeded clouds than for unseeded clouds.

 Both distributions are skewed to the right (with more skew in 
the unseeded group caused by one particularly high rainfall of 
19.3 mm) so the mean rainfall is higher than the median rainfall 
for both groups. The highest rainfall (19.3 mm) was observed for 
an unseeded cloud, while the minimum rainfall (0.24 mm) was 
observed for a seeded cloud.

 Both medians lie within the other group’s box, so there is no 
evidence to support the claim that the median rainfall levels are 
different back in the populations.

6. The median (and upper quartile) dosage for mice that died (243 rads) 
is equal to the upper quartile dosage for those that lived. 50% of 
mice that died had dosages higher than 75% of mice that lived. For 
those that lived, the minimum and lower quartile dosages had the 
same value (201 rads) The maximum dosages for mice that lived was 
the same as the maximum dosage for mice that died (260 rads). The 
interquartile range of dosages for mice that lived (42 rads) is greater 
than that of mice that died (23 rads ) which suggests that radiation 
levels for mice that lived are less consistent than for mice that died. 

7. a.  The participants do not know if they are receiving the treatment 
or the placebo.

b. Participants are randomly assigned to one of the two groups 
and there is an intervention – in the form of using Regrow (or a 
placebo).

c. The median percentage hair increase for those using Regrow 
(7.3%) is higher than the median percentage hair increase with 
the placebo (0.85%).

 Percentage hair increase had an interquartile range of 4.75% for 
Regrow compared with 3.975% for the placebo, which suggests 
that percentage hair increases for Regrow are slightly less 
consistent.

 The largest percentage hair increase (18.3%) was achieved using 
Regrow compared with a maximum percentage hair increase of 
4.8% with the placebo. The lowest percentage hair increase was 
with the placebo (–11.3% , i.e. a decrease of 11.3%) compared 
with –4% (a decrease of 4%) with Regrow.

 The upper quartile of percentage hair increase for the placebo 
(2.85%) is lower than the lower quartile for Regrow (4%) which 
means that more than 75% of participants using Regrow had a 
percentage hair increase greater than 75% of those using the 
placebo.

 Both medians lie outside the other group’s box, so there is 
evidence to support the claim that the median percentage hair 
increases are different back in the populations.
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