1.
Describing Data
Objectives:
» Describe

descriptive statistics and the measures of central tendency.

» Describe

four different data distributions and how the measures of central

tendency change for each distribution.

» Understand

that a data sample is a part taken from the larger whole (the whole

population), and that the sample should be collected to represent the whole
population or the study will be flawed.

Epidemiology is the study of health-related states including the distribution,
causes, and risk factors in defined populations.

Biostatistics is a mathematical science involving the collection, analysis and
interpretation of numerical data for biologic topics.

Because populations are often large, to study an entire population would be

cumbersome, so scientists take a representative sample from the population. The
characteristics of the sample are studied, and conclusions can be drawn, which
then can be generalized to the population.

The first step in understanding data for a population or sample is to summarize

the data using descriptive statistics. As the name suggests, descriptive statistics
simply describe the data without having to make many calculations. When a

single variable is being studied univariate analysis (distribution of one variable)
is used. The distribution (the number of times a value occurs in the dataset) can
be described as normal or non-normal.

A normal distribution (Figure 1) has the shape of a bell when each value is

plotted by the frequency the value occurs. The distribution of a variable can also
be skewed (positive or negative), which means that the data is not evenly

distributed around a central value (Figure 1). Variable distribution can also be

bimodal, meaning there are two different values that occur most frequently (two
modes).
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The three measures of central tendency are used to further describe the
distribution of one variable:

The mathematical average, found by taking the sum of all values

Mean

and dividing by the number of observations. Mean is strongly
affected by extreme values (outliers) in the dataset.

The central value when all values are arranged from smallest to

Median

largest. If there are an even number of observations the two
middle values are added, and the sum divided by 2.

The most common value. Mode is the least affected by extreme

Mode

values.

Figure 1 shows the effect that positive and negative skew have on the measures of
central tendency.

1. COMPARING MEASURES OF CENTRAL TENDENCY FOR NORMAL
AND SKEWED DISTRIBUTIONS

Examples of normal and skewed distributions
(b) Normal (no skew)

(a) Negatively skewed

Mean
Median
Mode

Frequency

Mode

Mode

Median

Median

Mean

Mean

X
Negative direction
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(c) Positively skewed

X
The normal curve
represents a perfectly
symmetrical distribution

X
Positive direction

A visual comparison of normal, positive, and negatively skewed distributions and
the effect that distribution has on the three measures of central tendency (mean,
median, mode).

Mean cell volume (MCV) and Distribution
The complete blood count (CBC) is one of the most common laboratory tests

performed in medicine and anemia is one of its most common abnormalities. An
excellent clinical approach to diagnosing anemias uses the MCV. The volume of

the red blood cell (RBC) can be measured by most hematology analyzers. Millions
of RBCs are assessed, and their mean volume is the MCV. The distribution of

MCVs of many patients is highly conserved in humans, with a normal distribution
and a mean of 90 fL. MCV is also highly conserved throughout a patient’s life.
Deficiencies in the production of hemoglobin results in smaller RBCs, called
microcytic when the MCV is <80fL. This includes iron deficiency. In

hemochromatosis, patients accumulate excessive iron, which damages many

organs. Treatment consists of removing the iron through phlebotomy. Adequate
removal of RBCs can be established by showing that the patient’s MCV is < 80fL.

The MCV rises when there is abnormal DNA synthesis in the bone marrow. When
the MCV is >100 fL, it is called macrocytosis. The commonest first line drug in
treating rheumatoid arthritis (RA) is methotrexate which inhibits folate

metabolism. Folate is necessary for the synthesis of thymidine from uracil. Most
RA patients have an elevated MCV.

The spread of the data is also described by the variation in observed values.
Range

The spread of values found by subtracting the smallest value from
the largest value.

Variance

One calculated value that is an average of the degree that each

Standard
deviation

Calculated as the square root of the variance. It is another way to

data point varies from the mean (Figure 2).

measure how much the data deviates from the mean (Figure 2).

03

2. COMPARING THE VARIATION OF DATA: WIDE VARIATION VERSUS NARROW VARIATION

Smaller variation
mean (µ) = 0, standard deviation (σ) = 1

Larger variation

mean (µ) = 0, standard deviation (σ) = 2

-6

-4

-2

0

2

4

6

X

A comparison of large dispersion (large variation, large standard deviation) with smaller
dispersion (small variation, small standard deviation).

Because the standard deviation is inherently a measure of variance, it also

describes the distribution of values in a normal distribution (Figure 3). Figure 3 shows
that nearly all (99.7%) of the observations will fall within 3 standard deviations of the
mean.
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The Red Blood Cell Distribution Width (RDW)
Most hematology analyzers can measure the red blood cell volume. In assessing

millions of RBCs, not only can the mean cell volume (MCV) be calculated but also
its distribution and standard deviation, called the RDW. This can be used to

identify a patient’s bone marrow response to blood loss. When there is enough

blood loss to cause tissue hypoxia, more than about 10%, erythropoietin released
from the kidney stimulates the normoblastic precursors in the marrow to

increase RBC production. These new RBCs, reticulocytes, are released into the
blood in greater numbers. They are larger than mature RBCs with an MCV of

about 120 fL. The reticulocytosis that should occur starting on day 5 post-bleed

can be seen in the CBC as a rising MCV and a rising RDW (larger variation in the
distribution).

Normal

(RDW = 15)

90
MCV (fL)

Reticulocytosis
(RDW = 27)

MCV (fL)

Red Cell Distribution
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3. THE STANDARD DEVIATION, A MEASUREMENT OF HOW THE DATA
VARIES FROM THE MEAN

Number of observations

Mean

68.3%
95.5%
99.7%

1 standard deviation
2 standard deviations
3 standard deviations

A normal distribution of data with the mean noted as well as three standard deviations
from the mean. Standard deviation is a measure of how the sample data points vary
from the mean.

As mentioned above, collecting data from an entire population would be

cumbersome, which is why data samples are collected from the population. The

goal in collecting data samples is that they are representative of the population.
The Mayo Clinic and Olmsted County
The more than 4000 physicians and scientists in the Mayo Clinic system are
centered in Olmsted County in southern Minnesota. The entire county has a

population <160,000 and is more than 80 miles away from the nearest urban

center of Minneapolis. All of the county’s residents get their health care at the

Clinic. Since 1966, there has been a tight link between the county health board
and the Clinic. These residents must be the most closely studied group in

America. When one looks for epidemiologic information on almost any disease,
there will usually be an Olmsted County reference. The county does not have
close demographics to the rest of the country (sample data are not

representative of population data, and as a result generalizability is limited), but
the information is unsurpassed in quality.
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For example, if a scientist was studying age in a defined population (a small town),
they would want to collect data from people of all ages within the town such that
the sample data (although a smaller number than the number of people in the
town, the whole population) was as true to the whole population as possible. In

contrast, if the scientist studying age developed their sample by recording the ages
of only children in the middle school, their sample data would significantly
underestimate the age distribution of the town population. This concept is
represented in Figure 4.

The sample is drawn from within the population (left box in Figure 4). The goal in

collecting sample data is that the sample distribution (normal curve in Figure 4) is
representative of the population distribution (rather than extremes of the

population, as in the age example). If samples do not represent the population they
are drawn from, errors may arise, including bias (discussed below).

Another problem that arises if the sample data does not represent the population is
that the data will not be generalizable to the population. This means that

conclusions the scientist makes based on the sample data, will not be able to be
made about the population; this limits the usefulness of the study.

4. COMPARING SAMPLE DATA WITH THE OVERALL POPULATION DATA FROM WHICH
THE SAMPLE WAS TAKEN

SAMPLE

POPULATION
POPULATION

SAMPLE
Sample data is collected from a larger population. A good quality sample will be
representative of the overall population, which allows the scientist to state that
study findings are generalizable to the population.
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