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Introduction

This workbook is a companion volume to the third edition of
Medical Statistics at a Glance. Although primarily directed at
undergraduate medical students preparing for statistics examina-
tions, we believe that the workbook will also be of use to others
working in the biomedical disciplines who simply want to brush up
on their analytical and interpretation skills (e.g. other medical
researchers, postgraduates in the biomedical disciplines and phar-
maceutical industry personnel). Our aim for this workbook is
therefore for it to act as a revision aid, equip readers with the
skills necessary to read and interpret the published literature and
give them the confidence to tackle their own statistical analyses.
Although designed as an accompanying text to Medical Statistics
at a Glance, it is not indelibly linked to it and can be used as a stand-
alone text or in conjunction with any reputable text on statistics.

We believe that the optimal way to learn statistics is to put the
theory into practice by undertaking an analysis of a data set, but
recognise that this may not always be practical. Instead, the use
of carefully constructed exercises in a variety of formats can help
to test and fully evaluate the reader’s understanding of the material
(and identify any gaps that remain). As the At a Glance textbook
presents information in a concise manner, there is limited space in
it for worked examples and no room for exercises. Our workbook
amends this insufficiency by providing an extensive set of ques-
tions, as well as templates for critical appraisal and descriptions
of the statistical analyses of two data sets. Where possible, we have
based questions on published studies in the medical and dental
fields, and references are provided so that the reader may consult
the original source material if interested.

The structure of the workbook
This workbook is divided into six parts:

Part 1

This section of the workbook contains multiple-choice questions
(MCQs) that are generally brief, each testing the reader’s knowledge
of a single theoretical concept or aspect of study interpretation.
Only one of the five possible answers provided is correct: an
explanation is given in Part 5 for each correct and incorrect answer.
The ordering of the MCQs generally follows that of the chapters in
the third edition of Medical Statistics at a Glance. To aid readers
who may wish to focus on specific topics in the A7 a Glance textbook,
we provide a list of MCQs and the related chapters in Appendix I.

Part 2

This section of the workbook contains structured questions that
are longer than the MCQs and provide a more in-depth exploration
of the reader’s knowledge of several statistical concepts. The
questions may include elements that test a reader’s understanding
of the theory, as well as his or her ability to interpret study findings
and, in some instances, to perform basic statistical calculations.
The questions are similar to those that we have set in the past for
exams: detailed model answers are provided in Part 5. As the
longer structured questions may relate to information contained
in several diverse chapters of the textbook, these do not follow
any particular order, but in Appendix II, to aid readers who may

wish to focus on specific topics in the A¢ a Glance textbook, we
provide a list of the structured questions and their related chapters.

Part 3

The ability to critically appraise the published literature is an
essential skill that is required by anyone in the medical and dental
professions (or, indeed, anyone involved in research more generally)
and, consequently, is an important objective of a statistics course.
Many aspects of statistics must be considered when evaluating the
evidence provided in a research article, for example biases that
might arise from inappropriate designs, sample size, outcome
measures, the choice of statistical analysis, the presentation of the
data and the conclusions drawn. Whilst Medical Statistics at a
Glance presents a brief introduction to critical appraisal in Chapter
40 (Evidence-based medicine), Part 3 of our workbook supplements
this by providing structured templates that can be used when
reviewing and/or assessing the published literature. We suggest
that the reader use these templates to critically appraise two
published articles: a randomised controlled trial and an
observational study. Our own evaluation of these articles is to be
found in Part 5. Whilst we cannot hope to cover all possible topics
within these two appraisals, we hope that they will at least provide
a basic structure for appraisal that readers may find helpful.

Part 4

In our experience, one of the most common complaints from our
students and junior research colleagues is that they just do not
know where to start when analysing a substantial data set. To
address this need, we have included in Part 4 a detailed description
of the analyses of two data sets, the latter being available on the
accompanying website (www.medstatsaag.com) as Excel files.
Each analysis starts with a description of the clinical problem, and
then takes the reader through the various steps that would be
undertaken when performing the analysis, from the initial
exploratory and descriptive analyses to the final sensitivity analyses
that assess the robustness of study findings. We believe that this is
an innovative approach and hope that readers will find it useful.

Part 5

This section of the workbook contains solutions to the MCQs in
Part 1, model answers for the structured questions in Part 2, and
our own critical appraisals of the randomised controlled trial
(Paper 1) and the observational study (Paper 2) in Part 3. The
pages in Part 5 are shaded so that the reader is easily able to
navigate to the solutions and model answers.

Appendices

In Appendix I, we provide an ordered list of the MCQs and
show which chapters they relate to, with an indication of the
material included in each question. Appendix II is similar but
identifies the associated chapters for the structured questions.
For those readers who require exercises that relate to specific
chapters of the At a Glance textbook, we provide a list of the
chapters and indicate which multiple-choice and structured
questions are relevant to them in Appendix III.
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Further information

In addition to the workbook, we remind readers that the compan-
ion website to Medical Statistics at a Glance (www.medstatsaag.
com) also contains an extensive set of interactive exercises, with
references to many published papers that may be of interest.
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Part 1: Multiple-choice questions

Handling data

M1

To collect information on an individual’s ability to function physi-
cally, investigators identified six daily tasks, each relating to a
different aspect of physical functioning. For every task, respond-
ents were asked to say whether they generally experienced ‘no
problems’ (allocated a score of 0), ‘some problems’ (score of 1) or
‘many problems’ (score of 2) when performing the task; by sum-
ming the six individual scores, the investigators generated a total
physical functioning score variable, which ranged from 0 to 12.
Which one of the following statements is true?

a) The variable is best described as a continuous variable.

b) When capturing data on this score, only the final total score
should be recorded on the data capture form.

c) Although this is strictly an ordinal categorical variable, for the
purposes of analysis, it may be possible to treat this variable as a
numerical variable.

d) The most suitable summary measure of the ‘average’ value for
this variable would be the mode.

e) For the purposes of analysis, it would be preferable to re-
categorise this final score into three categories: good functioning
(scores of 0 to 4), average functioning (scores of 5 to 8) and poor
functioning (scores of 9 to 12).

M2

Which one of the following statements is true?

a) A qualitative variable comprises two categories which may be
ordinal or numerical.

b) An ordinal variable comprises categories which cannot be
ordered.

c) The age groups ‘young’, ‘middle aged’ and ‘old’ relate to a
nominal categorical variable.

d) Blood group is classified as a nominal categorical variable.

e) It may be difficult to distinguish a continuous numerical vari-
able from an ordinal variable when the ordinal variable has many
categories.

M3

As part of an epidemiological study investigating the association
between consumption of dairy products in adolescence and the
onset of cardiovascular disease later in life, study investigators
plan to collect information on weekly egg consumption from a
sample of children aged 14-17 years using self-administered ques-
tionnaires. Which one of the following would be the best approach
for collecting this information?

a) Respondents are asked to indicate the number of eggs they
consumed in the previous week and are asked to leave the entry
blank if they do not know the answer.

b) Respondents are asked to tick the box that best describes the
number of eggs they have consumed in the previous week: 0, 1-3,
4-7, >7 or ‘unknown’.

c) Respondents are asked to indicate the number of eggs they
consumed in the previous week, and to record a value of 9 if they
do not know the answer.

d) Respondents are asked to tick the box that best describes the
number of eggs they consumed in the previous week: 0, 1-3, 4-7
or >7; if they do not know the answer, they are asked to leave the
response blank.

e) Respondents are asked to indicate the number of eggs they
consumed in the previous week, and to record a value of 999 if
they do not know the answer.

M4

Which one of the following statements which relate to the informa-
tion provided in a questionnaire is true?

a) Having data available as an ASCII file is inflexible because
many people have not heard of ASCII.

b) A multi-coded question has more than two possible responses,
but the respondent can provide only one answer to it.

c) Dates must be entered into a computer spreadsheet as day/
month/year.

d) Missing data for a particular respondent must always be
entered on the computer spreadsheet as 9, 99 or 999.

e) It is often necessary to assign numerical codes to a categorical
variable before entering the data into the computer.

M5

The number of eggs consumed by an adolescent in a week was
collected from a sample of 40 adolescents aged 14-17 years with a
view to estimating average weekly egg consumption in such ado-
lescents. Information on egg consumption was missing for two
adolescents; the data from the remaining 38 subjects are as follows:
0,0,0,0,0,0,0,0,0,0,1,1,1,1,1, 1,1, 1,2,2,2,2,2,3,3, 4,
5,7,7,7,8, 11, 14, 15, 21, 25, 27 and 71. Which one of the state-
ments below is true?

a) The entry of 71 is an outlier but is likely to be a correct value
of weekly egg consumption.

b) As it is unlikely that any individual will consume more than
three eggs per day, the investigators should exclude any values
greater than 21 before analysing the data.

¢) As it is unlikely that any individual will consume more than
three eggs per day, the investigators should replace any values >21
with the value 21 before analysing the data.

d) The authors suspect that the value of 71 is a typing error in the
data set and so plan to replace this value with the value 9 before
conducting any analyses.

e) The authors believe that the value of 71 is an error in the data
set and so could consider running their analyses both including
and excluding this outlying value.

M6

Which one of the following statements is true?

a) One approach to handling outliers in a data set is to analyse
the data both with and without the outliers and see whether the
results are similar.
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b) It is never sensible to transform data to overcome the problem
of a skewed distribution as the parameter estimates obtained from
the transformed data cannot be interpreted.

¢) Outliers in data should be omitted from the analysis as they
may skew the results.

d) An outlier is an extreme value which is incompatible with the
main body of the data and is always greater than all the other
values in the data set.

e) The only ways of dealing with outliers in a data set are to
analyse the data both with and without the outliers and determine
the effect of the omission, to omit the outlier(s) from the analysis
or to transform the data.

M7

Consider the data relating to the number of eggs consumed in a
week described in Questions M3 and M5. Which one of the fol-
lowing diagrams would be best for displaying the information?
a) A bar chart

b) A histogram

c) A pie chart

d) A scatter diagram

e) A segmented bar chart

M8

Consider the data on the number of eggs consumed in a week described
in Questions M3 and MS. Which one of the following best describes
the distribution of this variable?

a) Skewed to the right

b) Normally distributed

¢) Skewed to the left

d) Uniformly distributed

e) Negatively skewed

M9

Which one of the following statements is true?

a) A pie chart is one in which a circular ‘pie’ is split into sectors,
one for each category of a categorical variable, so that the area of
each sector is equal.

b) A sensible way of displaying continuous numerical data is to
draw a bar chart.

¢) A histogram is a chart in which separate vertical (or horizontal)
bars are drawn with gaps between the bars; the width (height) of each
bar relates to a specific range of values of the variable, and its height
(width) is proportional to the associated frequency of observations.
d) The distribution of a variable is right skewed if a histogram of
observed values has a long tail to the right with one or a few high
values.

e) A box-and-whisker plot comprises a vertical or horizontal
rectangle indicating the interquartile range, within which is the
median; the ends of the ‘whiskers’ represent the upper and lower
limits of the 95% confidence interval for the median.

M10

The authors of the egg consumption study (Questions M3 and M5)
now wish to summarise the data on the number of eggs consumed
in a week. Which one of the following approaches would be the
best way to summarise these data?

a) The arithmetic mean and range

b) The median and interquartile range

¢) The median and range

d) The arithmetic mean and standard deviation
e) The mode

Mi1

Which one of the following statements is true?

a) The median is greater than the arithmetic mean if the data are
skewed to the right.

b) The median value of n observations is equal to the (n + 1)/2th
value in the ordered set if n is odd.

¢) The median and the weighted mean are always identical if the
weights used in the calculation of the weighted mean are equal.
d) The logarithmic transformation of left-skewed data will often
produce a symmetrical distribution when the transformed data are
plotted on an arithmetic scale.

e) The geometric mean of a data set is equal to the arithmetic
mean of the log-transformed data.

Mi12

Study investigators collected information on haemoglobin levels
in a sample of 212 healthy women of mixed ethnicity. The inves-
tigators calculated the median value, and used the 2.5th and 97.5th
percentile values to generate a reference range. Which one of the
following statements is true?

a) The authors generated the reference range using the percentile
approach as the number of subjects in their study was small.

b) Healthy individuals in the population will not have a value of
haemoglobin that falls below the lower limit of the reference range.
c) Use of the mean and standard deviation to generate the refer-
ence range would have provided a more suitable reference range.
d) Individuals in the population with an underlying health condi-
tion that has an impact on haemoglobin levels will always have
values that fall outside the reference range.

e) An individual in the population with an underlying health con-
dition that has an impact on haemoglobin levels is likely to have
a value that falls outside the reference range.

M13

When numerical data are arranged in order of magnitude, which
one of the following statements is true?

a) The interquartile range is the difference between the first and
fourth percentiles.

b) The interdecile range contains the central 80% of the ordered
observations.

¢) The middle observation is always equal to the arithmetic mean.
d) The 50th percentile is equal to the fifth quartile.

e) The first percentile is always equal to the minimum value.

Mi14

If a set of observations follow the Normal or Gaussian distribu-
tion, which one of the following statements is true?

a) Its mean and variance are equal.

b) Its observations are derived from healthy individuals.

¢) Its mean and variance are always equal to zero and one,
respectively.

Part 1: Multiple-choice questions 9



d) 95% of the observations lie between the mean £ 1.96 times the
variance.

e) Approximately 68% of the observations lie between the mean
+ the standard deviation.

M15

Which one of the following statements is true?

a) A Binomial random variable is the count of the number of
events that occur randomly and independently in time or space at
some fixed average rate.

b) The two parameters that characterise a Poisson distribution are
the number of individuals in the sample (or repetitions of a trial)
and the true probability of success for each individual (or in each
trial).

¢) The Chi-squared distribution is based on a categorical random
variable.

d) When the logarithm of observations which follow the Lognor-
mal distribution are taken, the transformed observations follow
the Normal distribution.

e) The Lognormal distribution is highly skewed to the left.

M16

The distribution of age at menopause tends to be skewed to the
left. Study investigators wish to identify demographic and socio-
economic factors that are independently associated with age at
menopause. Which one of the following statements relating to the
analysis of age at menopause is true?

a) The optimal analytical approach is always to use a nonpara-
metric method due to the skewness of the distribution.

b) Use of the logarithmic transformation would permit a paramet-
ric analysis based on the Normal distribution.

c¢) Use of the square transformation may help to achieve
Normality.

d) By using a square transformation, we can ensure that the
assumptions underlying a parametric analysis based on the Normal
distribution are met.

e) The study investigators would be best advised to categorise age
at menopause before performing the analysis.

M17

Which one of the following statements is true?

a) The logistic transformation linearises a sigmoid curve.

b) The logistic transformation is generally applied to counts which
follow the Poisson distribution.

¢) Ifanumerical variable, y, is skewed to the right, the distribution
of z = )? is often approximately Normal.

d) If a numerical variable, y, is skewed to the left, z = log y is often
approximately Normally distributed.

e) The square transformation has properties which are similar to
those of the logarithmic transformation.

Sampling and estimation

M18

Which one of the following statements is true? The sampling dis-
tribution of the mean:

10 Part 1: Multiple-choice questions

a) represents the mean of the distribution obtained by taking
many repeated samples of a fixed size from the population of inter-
est and plotting the observations so obtained;

b) has a mean which is an unbiased estimate of the true mean in
the population;

c) will follow a Normal distribution only if the distribution of the
original data is Normal;

d) has a standard deviation which is larger than the standard error
of the mean; or

e) cannot be drawn if the sample size of the repeated samples is small.

M19

Study investigators have collected data on the heights of a sample of
137 women in Thailand. Which one of the following statements is true?
a) The true mean height in the Thai female population will be
equal to the mean height of the women in the sample.

b) If the investigators were to calculate the range of values deter-
mined by the mean height £+ 1.96 x standard deviation, they would
be able to assess from this range of values the precision of the
estimated mean height in their sample.

¢) To enable other research groups to compare the distribution of
the height values in their own studies to those from the investiga-
tors’ study, the investigators should calculate and present the
median height and its associated confidence interval.

d) If the heights are approximately Normally distributed, the authors
may calculate and present the mean height and its standard devia-
tion. This will allow them to describe the distribution of height
values in their sample.

e) By calculating the confidence interval for the mean, the inves-
tigators will be able to determine whether the height values in their
sample are Normally distributed.

M20

Jensen et al. (2011) conducted a retrospective cohort study to assess
the incidence of wound complications among patients undergoing
lower-limb arthroplasty, before and after a change in clinical prac-
tice from the use of low-molecular-weight heparin to rivaroxaban.
Prior to the switch to rivaroxaban, 9 of 489 patients (1.8%, 95%
confidence interval 0.9 to 3.5%) returned to theatre with wound
complications within 30 days compared to 22 of the 559 patients
(3.9%, 95% confidence interval 2.6 to 5.9%) who received rivaroxa-
ban. Which one of the following statements is true?

a) The confidence interval for the wound complication rate prior
to the switch to rivaroxaban is asymmetrical, indicating that the
outcome is not Normally distributed.

b) The true percentage of wound complications prior to the switch
to rivaroxaban lies between 0.9% and 3.5%.

¢) The 95% confidence intervals for the two periods overlap, indi-
cating that there was no significant change in the wound complica-
tion rate after the switch to rivaroxaban.

d) Had the number of wound complications been greater in each
period, the confidence intervals would have been wider.

e) Had the number of patients in each period been greater, the
confidence intervals would have been narrower.

Jensen CD, Steval A, Partington PF, Reed MR, Muller SD. Return to
theatre following total hip and knee replacement, before and after the intro-
duction of rivaroxaban: a retrospective cohort study. J Bone Joint Surg Br
2011; 93: 91-5.



M21

Which of the following statements is true for a sample of size
n>1?

a) The 99% confidence interval for the mean is narrower than the
95% confidence interval for the mean.

b) The 95% confidence interval for the mean of a particular vari-
able is narrower than the reference interval for that variable.

c¢) If the true standard deviation is known, the 95% confidence
interval for the mean is calculated as the mean £ 1.96 times the
standard deviation.

d) The 95% confidence interval for the mean represents the inter-
val within which the sample mean falls with 95% certainty.

e) The 95% confidence interval for the mean represents the
interval which contains the central 95% of the observations in the
population.

Study design

M22

Which one of the following studies would be best described as a
cohort study?

a) A study in which cells are stimulated with three different types
of growth inducing protein.

b) A study of medical students who are followed from entering
medical school to the end of their first year to describe the associa-
tions between lifestyle factors and end-of-first-year exam results.
c) A study of medical students who are split by the study investi-
gators into two groups: those with surnames beginning with the
letters A to M received regular counselling support over the first
year, and those with surnames beginning with the letters O to Z
did not. The outcome of the study was the proportion of students
who passed their end-of-first-year exams, and this proportion was
to be compared between the two groups.

d) Medical students who fail their end-of-first-year exams are
interviewed about their lifestyles over the first year; a random
sample of students who passed their end-of-first-year exams are
also interviewed, and the results compared to assess the effects of
lifestyle factors on failing the end-of-first-year exams.

e) Study investigators compared end-of-first-year exam pass rates
at 10 different medical schools in the United Kingdom, and cor-
related these pass rates with the number of bars and nightclubs in
the vicinity of each medical school.

M23

In medical research we are often interested in determining whether
exposure to a factor causes an effect (e.g. a disease). Which one of
the following criteria is a necessary component for assessing the
cause of disease?

a) The cause and effect must take place simultaneously.

b) The association between cause and effect can be assessed on
the basis of statistical results alone, independently of biological
reasoning.

c¢) If feasible, removing the potential causative factor of interest
should reduce the risk of disease.

d) The effect cannot be causal if the association between the cause
and effect is small.

e) It is usually sufficient to imply causation on the basis of the
results from a single study, provided the association between the
cause and effect in that study is strong.

M24

Investigators conducted a randomised cross-over study to compare
two appliances for the prevention of snoring. Every trial partici-
pant used each appliance for a period of one month, with a 2-week
washout period between the two study periods. Which one of the
following statements is true?

a) The investigators chose a cross-over design as the appliances
are likely to have a long-term impact on snoring symptoms.

b) By using a cross-over design, the investigators were able to
shorten the length of treatment time that was required.

¢) Because they had used a cross-over design rather than a parallel
group study design, the investigators had to increase the size of
their sample.

d) A 2-week washout period was incorporated to allow the trial
participants sufficient time to clean and return their appliances.
e) By choosing a cross-over design, the investigators were able to
use each participant as his or her own control, thus reducing
variability.

M2s

In randomised trials of new human immunodeficiency virus thera-
pies, investigators may use a composite endpoint known as the
time to loss of virological response. Patients are deemed to meet
the endpoint after the first of a series of events occurs: a new
acquired immunodeficiency syndrome event, death, the patient is
lost to follow-up or the patient experiences virological failure on
treatment. At that point, the patient exits the trial and follow-up
ceases on the patient. Which one of the following statements is
true?

a) Investigators use a composite endpoint as they cannot make
a decision in advance about which is the most important
outcome.

b) Composite endpoints simplify the analysis of randomised
trials.

¢) If one or more components of the composite endpoint are
deemed to have greater clinical relevance than others, then
appropriate analytical methods which take this into consideration
must be used when analysing a trial that utilises a composite
endpoint.

d) A study that uses such a composite endpoint can provide reli-
able information about the frequency of occurrence of each com-
ponent of the composite; thus, this type of trial provides good
value for money.

e) If a composite endpoint is used instead of basing the analysis
on each component of the composite, the length of the trial must
be increased.

M26

Which one of the following statements is true?

a) A factorial design is one in which there is a single factor of
interest.

b) A statistical interaction exists in a clinical trial when one or
more of the treatments produce side effects.
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