Standard Deviation
in Statistics:

Concepts, Purpose, and Examples
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Welcome: learning objectives
and course roadmap

Read, calculate, and communicate
standard deviation correctly

See why variability matters
as much as averages

Cover definition, computation,
interpretation, and applied examples

Target outcome: distinguish spread
from center in context



Why Variability Matters More Than the Average Alone

|| Averages hide risk, inconsistency,
. and inequality in a dataset

Two datasets with the same
-/\ mean can have very different
spread

Business: delivery times,
investment returns,
manufacturing tolerances

B Research: measurement error,
treatment response,
survey responses

e®o Decision-making: always
f®  ompare both center and spread



Core Concepts: Center, Spread, and Deviation

® Mean: the balance point where
deviations cancel out

® Deviation: each value's distance Mean

from the mean
@ Raw deviations sum to zero, so cegdtions X e _‘je"iation

we square them first O e e G N ®
® Population uses sigma; sample « 8% = Y S @ 3
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@ Variance: average squared

deviation; SD: its square root
Key formulas:

Deviation: Variance; Standard deviation:

(x - p) o= Z(xl\_;#)z o=o?



Calculating Standard Deviation Step by Step

o
take the square root
e SR o return to original units
| 2 average the squared
Step -, deviations to get variance
square each deviation
Step 3 to remove signs

subtract the mean

Step 2 from each value

compute the mean
of all values




Population vs. Sample Standard Deviation

® Population: every individual,

item, or observation of interest v Population

@ Sample: a subset drawn to - o i -
. o &
represent the population £ " \0 T PR
e Sample formulas divide by n . o E-
minus 1 to correct bias . L e
© @
s <, el
® Degrees of freedom explain o .° . :
why n minus 1 is used ®

® Software defaults can mislead;

check which formula is applied




Interpreting Standard Deviation in Context

@® Standard deviation shares the | 99.7% .
: < >
same units as the data i |
. 95% :
| > b
® Larger values mean greater i e
spread, not necessarily worse | | | |
performance

@ Empirical rule for roughly
normal data: about 68%,
95%, 99.7%

® Chebyshev's inequality applies
to non-normal distributions

-30 -20 -lo Mean +10 +20 +30

@ Standard deviation differs from
standard error and confidence
intervals



Standard Deviation Across Domains

Quality control: process
Finance: volatility and consistency and tolerance limits

Education: test score
spread and equity analysis

risk measurement

> Y 4 b

Health and research:
measurement reliability
and treatment variability

Business analytics: comparing
branches, products, or campaigns



Common Mistakes and Misconceptions
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Treating standard deviation as a
measure of center, not spread

Comparing SD across different
units or scales without caution

Using the population formula
on sample data

Applying the empirical rule
without checking for normality

Confusing SD with standard error,
variance, or mean absolute deviation
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Not a measure
of center

Same mean,
different spread

Don'’t apply the
empirical rule

Std Deviation



Practical Example: Comparing
Delivery Times Across Warehouses

Scenario: same average
delivery time, different
variability

Warehouse A

Warehouse A: steady times,
low standard deviation

Warehouse B: erratic times,
high standard deviation
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Warehouse B
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Calculate sample standard
deviation for each site

Interpretation: high SD
signals inconsistent

e o o o
e o o @

delivery risk u ﬂ
Debrief: SD shows spread, Same average Same average
not cause or customer delivery time delivery time

satisfaction




Practical Example: Investment Return Volatility

A @ Two funds, identical average
monthly return, different
variability

® Step 1: compute each fund’s
mean monthly return

@ Step 2: square each deviation
from the mean, then average
(sample: n—1)

® Step 3: take the square root
to get standard deviation of
returns

> @ Higher volatility means wider
swings, not automatically
worse performance

® Match volatility to risk tolerance;
interpret alongside Sharpe ratio



Practical Example: Analyzing Exam Score Consistency

Two classes share the same mean exam score

Class A: scores clustered tightly around the mean

Class B: scores spread widely, more variability

Sample standard deviation calculated for each class

Lower standard deviation signals more consistent performance
Same mean, different consistency: compare spread fairly

< ' 4
Standard Deviation Standard Deviation

Same mean, different consistency: compare spread fairly



Coefficient of Variation and Scale-Free Comparison

® Raw standard deviation depends
on units and cannot be compared
across scales

® Coefficient of variation equals
standard deviation divided by

Coefficient of variation
the mean

= standard deviation /
mean
® CV expresses relative spread as
a percentage, making units
cancel out

® Use CV to compare datasets with
different units or very different
means

® Applications: fund risk, process
consistency, and research
measurement precision




Reporting Standard

Deviation Transparently

Checklist: state formula, units, m/ e
sample size, and distribution shape population (o)

Always label whether sample (s)
or population (o) formula was used

Units stated

Mean * SD (units) o

, ' o
Pair SD with the mean; never — (2 std dev not

report it alone " stderror

Distinguish SD (data spread) from
standard error (estimate precision)

Flag skew, outliers, and small
samples before interpreting spread
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Key Takeaways and Next Steps

? & © & 4
K ’ ,'\ ——
0> > 80 ~ I\~ X~ E

4 ] N =
Standard Sample data Interpret in Compare Practice in
deviation: typical use n-1; full context, units, variability only software, report
distance from populations and distribution when scales formulas and

the mean use N shape align units clearly
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