Training Manual: Foundations of Data
Measurement and Analysis in Kinesiology

1.0 Introduction: The Critical Role of Data in Kinesiology

Kinesiology is the study of human movement, encompassing both its artistic, qualitative
beauty and its scientific, quantitative characteristics. For professionals in this field—whether
physical therapists, exercise scientists, or physical education teachers—the ability to precisely
measure, analyze, and evaluate human performance is fundamental. Statistics provides a
universal set of procedures for analyzing data from any discipline, making it an indispensable
tool for understanding the quantitative aspects of movement. As the physicist James Clerk
Maxwell noted, "The whole system of civilized life may be fitly symbolized by a foot rule, a
set of weights, and a clock." This underscores the central role of measurement in our lives
and professions. Mastering the principles of data measurement and analysis is therefore
essential for any professional who quantifies human performance in laboratories, schools, and
clinics.

This manual provides a comprehensive guide to these foundational principles. It is structured
to lead you logically from the core concepts of measurement and data classification to the
practical steps of organizing, displaying, and analyzing performance data. By the end of this
training, you will be equipped with the core knowledge needed to translate raw numbers into
meaningful insights.

We begin by establishing the essential vocabulary and classification systems that underpin all
statistical analysis in kinesiology: the foundations of measurement.

2.0 The Foundations of Measurement: From Concept to
Data

Before any analysis can occur, a professional must understand what constitutes
"measurement" and the different types of data they will encounter. This section breaks down
the core vocabulary and classification systems that form the bedrock of all statistical analysis
in the field. Understanding these concepts ensures that the correct analytical tools are chosen
and that the results are interpreted accurately.

2.1 Measurement

Measurement is the process of comparing a value to a standard. For example, when you step
on a scale, you are comparing your body mass with the standard of the kilogram (or the
pound). Similarly, when a physical education teacher measures a student's long jump, they
are comparing the distance of the jump to the standard of meters or feet.

2.2 Data



Data are the direct result of measurement. When a teacher uses a tape measure and
determines a student jumped 5.2 meters, that piece of information is a single data point. A
collection of such points constitutes a data set.

2.3 Statistics

Statistics is the mathematical technique used to organize, treat, and present data for
interpretation and evaluation. It is the process that turns a disorganized collection of data
points into a coherent and understandable format.

2.4 Evaluation

Evaluation is the philosophical process of determining the worth of the data. After organizing
and analyzing data with statistics, evaluation allows a professional to make judgments and
decisions based on the results.

2.5 Characteristics of Quality Data

To be useful for analysis and evaluation, data must be of high quality. Three characteristics
are essential for ensuring that the collected data are acceptable and meaningful.

o Reliability: This refers to the consistency or reproducibility of the measurement. A
reliable test will produce the same result if administered a second time under the same
conditions. This is often assessed using a test-retest method.

e Validity: This refers to the soundness of a test in measuring what it is designed to
measure. A test is valid if it is appropriate for its intended purpose. For example, the
validity of using skinfold measurements to assess body fat is determined by how well
those measurements correlate with a known valid standard, such as underwater
weighing.

e Objectivity: This means that data are collected without investigator bias. This is often
achieved by using mechanical instruments which require minimal human judgment, in
contrast to qualitative scores (like in gymnastics) that are more subjective. It is
sometimes referred to as inter-rater reliability, meaning different investigators using
the same instrument or method on the same subject would get the same results.

2.6 Classifying Variables
In kinesiology, we measure characteristics that can change or vary. Understanding the

distinction between variables and constants, as well as the different types of variables, is
crucial for proper data handling.

Characteristic|Definition Kinesiology Examples
A characteristic of a
person, place, or object  [Time to run a mile, oxygen consumption during a
that can assume more than [treadmill test, scores on a manual muscle test.

one value.

'Variable

The number of players on an official baseball team
A characteristic that can (9), the .dlstance ina .1 0.0-meter dash. Many .
Constant anatomical characteristics, such as a person having
assume only one value. .
one head or two lungs, are also considered

constants.




Variables themselves can be further classified into two primary types based on the values
they can assume.

e Continuous Variables: These can theoretically assume any value, with limitations
imposed only by the precision of the measuring instrument. Time can be measured in
seconds, milliseconds, or microseconds; distance and force are also continuous.

o Discrete Variables: These are limited to specific numbers, typically whole numbers
or integers. Examples include the number of heartbeats in a minute, or the number of
children a person has. You cannot have a fraction of a heartbeat or part of a person.

2.7 The Four Scales of Data Classification

All data collected can be classified into one of four scales of measurement. This classification
system is critical because it dictates which statistical analyses are appropriate. It is often
remembered by the acronym NOIR, which you can recall with the phrase "No Oil In
Rivers." For example, as we will discuss in Section 5.1, the median is the preferred measure
of central tendency for ordinal data, while the mean is reserved for interval and ratio data.

1. Nominal Scale: This is the most basic scale. It involves grouping subjects into
mutually exclusive categories. Numbers may be assigned to these categories, but they
serve only as labels and do not imply any quantitative value or order.

o Examples: Classifying subjects as male (0) and female (1); grouping patients
by type of therapy received (Therapy A, Therapy B, Placebo).

2. Ordinal Scale: This scale, also known as a rank-order scale, provides quantitative
order to variables but does not specify the magnitude of the difference between the
ranks. A higher rank is better than a lower rank, but we don't know by how much.

o Examples: Placement in a ladder tournament, a 0-to-10 pain scale used by
clinicians, or the 6-to-20 Borg scale for rating of perceived exertion (RPE).

3. Interval Scale: This scale has equal units of measurement between each point on the
scale. However, it lacks a true or absolute zero point. Because zero does not represent
the complete absence of the characteristic being measured, ratio comparisons are not
appropriate (e.g., you cannot say 100°F is twice as hot as 50°F).

o Examples: Temperature on the Fahrenheit scale, judging scores in sports like
gymnastics or diving where a score of 0 does not mean the absence of skill.

4. Ratio Scale: This is the most complete and informative scale. It has order, equal
intervals between points, and a true absolute zero that represents the absence of the
value being measured. This allows for meaningful proportional (ratio) comparisons.

o Examples: Measurements of distance, force, time, or mass in kilograms. A
mass of 20 kg is twice the mass of 10 kg. Negative values are not possible on a
ratio scale.

With this foundational understanding of how data are defined and classified, we can now turn
to the practical process of how measurement is systematically conducted.

3.0 The Measurement Process and Systems



To produce reliable and comparable data, professionals must adopt a standardized and
systematic approach to measurement. A chaotic or inconsistent process yields chaotic and
unusable data. This requires both a clear, repeatable process for taking measurements and a
universal, consistent system of standards against which to compare them.

3.1 The Four-Step Measurement Process

Effective measurement follows a clear, four-step process that ensures clarity and consistency,
regardless of what is being measured.

1. The object to be measured is identified and defined. (e.g., the height of a person).
The standard with which the measured object will be compared is identified and
defined. (e.g., a meter).

3. The object is compared with the standard. (e.g., a tape measure is used to compare
the person's height to the standard).

4. A quantitative statement is made of the relationship of the object to the
standard. (e.g., for a person who is 2 meters tall, the statement is that the person's
height is two times the standard of one meter).

3.2 The Critical Importance of a Consistent Standard

The standard used for comparison is the cornerstone of the measurement process. If the
standard is inconsistent, the data will be unreliable. The contrast between historical
measurement systems and the modern metric system highlights this critical point.

The English System

The original English system of measurement was based on inconsistent standards. The
standard for distance was often anatomical, such as the length of the current king's foot.
When the king changed, the standard changed. Mass (weight) was based on agricultural
products; for instance, a pound was equal to 7,000 grains of wheat, a value that could change
from year to year based on the harvest. Even after these measures were standardized, the
English system remains difficult to use because it lacks a common numerical denominator
(e.g., 12 inches to a foot, 3 feet to a yard, 5,280 feet to a mile).

The Metric System

First introduced in France in 1799, the metric system is superior due to its consistency and
ease of use. The metric system is superior not only for its base-10 structure but also because
its units are now defined by fixed physical constants, such as the speed of light (for the meter)
and, since 2019, the Planck constant (for the kilogram), ensuring their stability. It is used
nearly everywhere in the world.

Prefix Value
milli- 1/1,000
centi- 1/100
deci- 1/10
(no prefix) 1

deca- 10
hecto- 100




kilo- 1,000
mega- 1,000,000
giga- 1,000,000,000

Once a consistent process and standard are used to collect data, the next challenge is to bring
order to the resulting raw numbers.

4.0 Organizing and Displaying Performance Data

Raw data, freshly collected, are often a disorganized list of numbers that is cumbersome and
difficult to interpret. The crucial first step in any analysis is to organize these data into logical
formats, known as distributions, and create visual representations, or graphs. These
techniques are designed to reveal the underlying trends, patterns, and shape of the data that
are hidden in a raw list.

4.1 Creating Data Distributions

The most appropriate way to organize data into a distribution table depends on two factors:
the number of data points (N) and the range of scores (R), which is the difference between
the highest and lowest score.

Rank Order Distribution: This is a simple ordered listing of data in a single column,
typically from highest to lowest. It is most effective when the number of data points
(N) is small (e.g., N < 20) and the list can fit easily on a single page. It provides a
quick view of the spread and identifies extreme scores.

Simple Frequency Distribution: This consists of two columns: an ordered listing of
the variable scores (X) and a corresponding frequency column (f) that indicates how
many times each score occurred. This method is used when the data set is larger (N >
20) but the range of scores is still relatively small (R < 20).

Grouped Frequency Distribution: When both the number of scores and the range
are large (N > 20 and R > 20), this method is used. It involves grouping scores into
intervals. A common convention is to aim for approximately 15 groups. The interval
size (i) can be estimated with the formula i = range / 15, with the result often
rounded for convenience (e.g., to the nearest odd integer or to a multiple of 10 or 20).

4.2 Visualizing Data with Graphs

Graphs are visual representations of data that provide insights not easily seen in tables. They
are excellent tools for showing trends and comparing data sets. All well-constructed graphs
share three essential characteristics:

1.
2.
3.

A clear title.
A label on the X-axis (the horizontal axis, or abscissa).
A label on the Y-axis (the vertical axis, or ordinate).

Several types of graphs are commonly used to display performance data:




o Histogram: This is a bar graph constructed from a frequency distribution. The bars
represent the score groups (on the X-axis), and the height of each bar represents the
frequency of scores in that group (on the Y-axis).

o Frequency Polygon: This is a line graph created by plotting the scores against their
frequency. It is often used with simple frequency distributions and provides a clear
visual of the data's shape.

e Cumulative Frequency Graph: This is a line graph that plots the ordered scores on
the X-axis against the cumulative frequency on the Y-axis. The cumulative frequency
is the number of subjects who scored at or below a given value, providing a running
total of the scores.

4.3 Understanding the Shape of Data: Common Curves

The line plotted on a graph is called a curve, and its shape reveals important information
about how the data are distributed.

e The Normal Curve: This is the famous symmetrical, bell-shaped curve, also known
as a Gaussian curve. In a normal distribution, the mean, median, and mode are all
located at the exact center of the curve. The prevalence of the normal curve is not a
coincidence; it's based on the Central Limit Theorem. Simply put, this theorem
states that the sum of many random numbers tends to become normally distributed as
more numbers are added together. This idea that randomness leads to Gaussian
distributions is a key underpinning of statistics.

o Skewed Curves: These curves are asymmetrical, meaning the data are not evenly
distributed.

o A positively skewed curve has a long tail pointing to the right, toward the
higher scores. This indicates that most scores are clustered at the lower end of
the distribution.

o A negatively skewed curve has a long tail pointing to the left, toward the
lower scores. This indicates that most scores are clustered at the higher end.

o Skewness can result from "ceiling effects" (where a test is too easy, causing
scores to bunch up at the high end) or "floor effects" (where a test is too hard,
causing scores to bunch up at the low end).

e Other Curve Shapes:

o Bimodal: A curve with two distinct peaks, or modes.

o Platykurtic: A curve that is flat and spread out, indicating a wide range of
scores.

o Leptokurtic: A curve that is tall and peaked, indicating that scores are
clustered tightly around the center.

After organizing and visualizing the data, the next step is to summarize its key features
numerically using descriptive statistics.

5.0 Core Analysis: Descriptive Statistics for Kinesiology

Descriptive statistics are the mathematical tools used to summarize and describe the essential
features of a data set. Instead of looking at every individual score, these tools provide concise
summaries that capture the data's central point, its spread, and where a particular score stands
in relation to others. This section covers the three most critical categories of descriptive



statistics used in kinesiology: measures of central tendency, measures of variability, and
percentiles for comparison.

5.1 Measures of Central Tendency: Finding the Center

Measures of central tendency describe the middle or central characteristics of the data. They
provide a single value that represents the "typical" or "average" score in the distribution. The
three primary measures are the mode, median, and mean.

Measure|Definition & Use Case Disadvantages

The score that occurs most It can be unstable and change based on data
Mode |frequently. It is used for a quick |grouping. It is a terminal statistic that disregards
estimate of the center of a group. |extreme scores.

The 50th percentile; the middle or

"typical" score that divides the .
data set in half. It is the best It is not affected by the value of extreme scores,

Median . so it neglects some of the information available
measure for ordinal data or for in the data

interval/ratio data that is highly
skewed.

The mean's sensitivity can be a disadvantage. An
extreme score, or outlier, can pull it away from
the typical score. For example, in a group of nine
people who earn $10,000 and one who earns
$100,000, the mean income is $19,000, which
doesn't reflect the reality for 90% of the group.
This is why economists often report median
income to describe the typical person's earnings.

The arithmetic average of all
scores. It is the most common
measure of central tendency and
Mean [is used for interval and ratio data.
It considers every score and is the
basis for most further statistical
calculations.

In a skewed distribution, the relationship between these three measures is predictable. In a
positively skewed distribution, the scores are pulled to the right, and the order from left to
right is Mode, Median, Mean. In a negatively skewed distribution, the order is reversed:
Mean, Median, Mode.

5.2 Measures of Variability: Quantifying the Spread

While central tendency tells us about the center of the data, variability (or dispersion) tells us
how spread out the scores are. A distribution can be very compact with scores clustered
tightly around the mean (a leptokurtic curve), or it can be spread out over a wide range (a
platykurtic curve).

o Range: The simplest measure of variability, calculated as the difference between the
highest and lowest scores. It provides a quick but rough and unstable estimate that is
highly influenced by extreme scores.

o Interquartile Range (IQR): Calculated as the difference between the score at the
75th percentile (Q3) and the score at the 25th percentile (Q1). The IQR represents the
spread of the middle 50% of the data. Because it is not affected by extreme scores, it
is a very useful measure for skewed data. This makes the IQR an ideal counterpart to
the median when analyzing the asymmetrical, skewed curves we examined in Section
4.3.

e Variance (V): A more sophisticated measure that quantifies the average of the
squared deviations from the mean. The process of calculating it involves a "sums of



squares" operation, where the difference between each score and the mean is squared
and then summed.

e Standard Deviation (SD or o¢): This is the most common and useful measure of
variability. It is simply the square root of the variance, which returns the measure to
the original units of the data. There is a key difference in its calculation depending on
whether you have data for an entire population or just a sample:

o For a population, the sum of squared deviations is divided by N (the total
number of scores).

o For a sample, the sum is divided by N-1. This correction is needed because
samples rarely contain the extreme values found in the full population. The
variability of a sample is almost always smaller than the variability of the
population it came from. Dividing by the smaller n-1 value (a concept known
as degrees of freedom) produces a slightly larger, more accurate estimate of
the population's standard deviation.

5.3 Using Percentiles: Standardizing Scores for Comparison

A percentile is a point on a continuous scale of 100 divisions that a certain fraction of scores
lies at or below. For example, a score at the 75th percentile is equal to or higher than 75% of
the other scores.

Percentiles are a type of standard score—a score derived from a raw score that has a known
basis for comparison (in this case, a scale of 0 to 100%). Their great utility lies in their ability
to:

1. Evaluate a raw score: A VO2 max score of 40 ml/kg/min is hard to interpret alone.
But knowing it's at the 65th percentile tells you it's better than 65% of the comparable
population.

2. Compare data with different units: It's impossible to directly compare a 150-foot
softball throw and 30 sit-ups. But if they correspond to percentile scores of 57 and 35,
respectively, their relative performance becomes clear.

Common percentile ranges used for reporting are Quartiles (dividing the data into four equal
parts: Q1=25th, Q2=50th, Q3=75th) and Deciles (dividing the data into ten equal parts).

The specific method for calculating a percentile depends on how the data are organized (Rank
Order, Simple Frequency, or Grouped Frequency distribution). The process involves
determining the fraction of scores that fall at or below a specific value and converting that
fraction to a percentage.

6.0 Conclusion: Applying Data Principles in Professional
Practice

This manual has guided you through the foundational principles of data measurement and
analysis in kinesiology. We have seen that a systematic approach is paramount, beginning
with a clear understanding of the type of data being collected—from nominal to ratio—and
its essential qualities of reliability, validity, and objectivity. From there, we have covered the
practical steps for bringing order to raw numbers through distributions and graphs, and for
summarizing their key features with descriptive statistics.



By correctly choosing and applying these tools—measures of central tendency like the mean,
measures of variability like the standard deviation, and comparative measures like
percentiles—kinesiology professionals can move beyond raw numbers. This disciplined
process allows for the extraction of meaningful insights into human performance. Ultimately,
mastering these principles enables better evaluation, more informed decision-making, and a
higher standard of professional practice in the clinic, the classroom, and the lab.



References

Bureau International des Poids et Mesures. (2019). The International System of Units (SI) (9th ed.).
https://www.bipm.org/en/publications/si-brochure

Weir, J. P., & Vincent, W. J. (2021). Statistics in kinesiology (5th ed.). Human Kinetics.



