
Introduction to Healthcare 
Supply Chain (HCSC) Analytics 



Industry 4.0

Gigamon Blog

Data every 
where…



The massive deployment of connected devices such as cars, smartphones, RFID
readers, webcams, and sensor networks adds a huge number of autonomous
data sources (DHL)…



Gigamon Blog

Where is the data 
processing?



Data processing…(e.g. Artificial Intelligence)

computer…

capable to:
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dataset - experiences

algorithms

human instructions
needed

Is this sufficient to 

make decisions?
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The great confusion…

DATA

INFORMATION

KNOWLEDGE

 Data are raw facts and figures that on 

their own have no meaning

 These can be any alphanumeric 

characters i.e. text, numbers, symbols



The great confusion…

DATA

INFORMATION

KNOWLEDGE

 Data that has been processed within  

a context or form to give it meaning

Yes, Yes, No, Yes, No, Yes, No, Yes, No, 

Yes, Yes

Responses to the market research 
question – “Would you buy brand x at 

price y?”



The great confusion…

DATA

INFORMATION

KNOWLEDGE

 Knowledge is the understanding of 

rules needed to interpret information



Hierarchical 

level
Facility

Supply and 

Inventory
Transportation

Customer 

service

Strategic - Facility location

- Capacity setting

- Technology selection

- Process configuration

- Setting the IT system for 

planning and controlling

- Defining the inventory 

policy

- Identify the supplier list and 

select the best ones

- Product design

- Choose the IT system (S&I)

- Warehouse design

- Material handling system

- Transportation mode

- IT system (Trans)

- Define the service policy 

and strategy

- Portfolio indicators

Tactical - Capacity planning during mid 

term

- Purchase planning 

(procurement)

- Definition of supplies

- Planning the inventory level

- Planning the safety stock

- Transportation system 

capacity

- Fleet routing

- Transportation planning 

during mid term

- Demand projection during 

mid term

- Advertisement planning

Operative - Order scheduling

- Production execution

- Order control

- Maintenance planning

- Order dispatching and 

packing

- Material requirement 

planning

- Purchase control

- Stock control

- Discharge and loading 

operations

- Delivery planning

- Vehicle routing

- Control of transport 

operations

- Demand projection (short 

term)

- Tracking the customer 

service indicators

- Loyalty activities

HCSC Analytics…data processing for decision making aimed to: 

Transforming data into predictive insights…
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-Probability-

-Inferential Statistics-

…elements in probability allow us to draw
conclusions about characteristics of
hypothetical data taken from the population,
based on known features of the population.



Population Sample

-Probability-

-Inferential Statistics-

…elements in probability allow us to draw
conclusions about characteristics of
hypothetical data taken from the population,
based on known features of the population.

Most useful aspect of 

“theory of probabilities” 

in data analytics

Probability 
distribution



Probability 
distribution

is a mathematical formula that describes the 
probabilities of occurrence of different possible 
outcomes in an experiment.



Probability 
distribution

is a mathematical formula that describes the 
probabilities of occurrence of different possible 
outcomes in an experiment.

Discrete Continuous

finite 

number of 

outcomes

infinite 

number of 

outcomes

[predicting Success / Failure] [predicting cost]

❑ Binomial Distribution

❑ Poisson Distribution

❑ Bernoulli Distribution

❑ Geometric Distribution

❑ Others.

❑ Normal Distribution

❑ Uniform Distribution

❑ Chi-squared Distribution

❑ Exponential Distribution

❑ Others.



Continuous Probability Distribution

𝑃 𝑎 < 𝑋 < 𝑏 = න
𝑎

𝑏

𝑓 𝑥 𝑑𝑥



Continuous Probability Distribution (Normal)

Highly 
probable…logica

l explanation

Highly 
probable…logical 

explanation Density function…

…bell-shaped curve

Normal Distribution: describes many phenomena 
that occur in nature, industry, and research

𝐹 𝑥; 𝜇, 𝜎 =
1

2𝜋𝜎
𝑒
−

1
2𝜎2

𝑥−𝜇 2

, −∞ < 𝑥 < +∞

𝜇:mean

𝑥: random variable

𝜎: standard deviation

𝜋: 3.14159…

𝑒: 2.71828…

Deeper study laterDeeper study later

𝑿~𝑵(𝝁, 𝝈𝟐) … 𝝁 ± 𝝈



Continuous Probability Distribution (Normal)

𝑃(−∞ < 𝑋 < +∞) = න
−∞

+∞

𝑓 𝑥 𝑑𝑥 = 1

Highly 
probable…logica

l explanation

Highly 
probable…logical 

explanation Properties…

𝑃(−∞ < 𝑋 < 𝜇) = 𝑃(𝜇 < 𝑋 < +∞)

…bell-shaped curve

Normal Distribution: describes many phenomena 
that occur in nature, industry, and research



Continuous Probability Distribution (Normal)
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Computing the 
probability values



Continuous Probability Distribution (Normal)
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Continuous Probability Distribution (Normal)

𝐹 𝑥; 𝜇, 𝜎 =
1

2𝜋𝜎
𝑒
−

1
2𝜎2

𝑥−𝜇 2

, −∞ < 𝑥 < +∞

Computing the 
probability values 𝑃(𝑥1 < 𝑋 < 𝑥2) =

1

2𝜋𝜎
න
𝑥1

𝑥2

𝑒
−

1
2𝜎2

𝑥−𝜇 2

𝑑𝑥 …hard to solve

Z-score



Z-score

❑ Standardize all the observations of any normal random variable X into a 
new set of observations;

❑ Reduce the complexity of computing the probability;

❑ Make possible the statistical comparison between to random variables;

❑ The tabulation of Normal Distribution exists for Z-score only.

benefits…



Z-score

𝑍 =
𝑥 − 𝜇

𝜎

The distribution of a normal random
variable with mean 0 and variance 1 is
called a standard normal distribution.

formula…

𝑓(𝑧)



Practicing calculations of probabilities 

using the Normal Distribution…



𝑵(𝝁, 𝝈𝟐) practical examples…

Empirical evidences show that certain supplier can provide an important

medical device within a normal distributed delivery time (with 𝜇 = 12
and 𝜎2 = 4, days and squared-days, respectively). For the firm that

receives the devices, more 15 days of lead time would make almost

impossible to serve their customers. The main question is: how likely is

that delivery time overcomes 15 days?

Historical dataset provide sufficient evidence to assume our oxygenated

water demand is normally distributed, with mean 300 Kgs and standard

deviation of 25 Kgs. After a discussion with the financial department, we

realize that for overcoming the breaking-even point our sales should be

between 250 and 325 kilograms. How probable it is that our sales are

between 250 and 325 kilograms?
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𝑵(𝝁, 𝝈𝟐) practical examples…

Empirical evidences show that certain supplier can provide an important

medical device within a normal distributed delivery time (with 𝜇 = 12
and 𝜎2 = 4, days and squared-days, respectively). For the firm that

receives the devices, more 15 days of lead time would make almost

impossible to serve their customers. The main question is: how likely is

that delivery time overcomes 15 days?

𝑍 =
𝑥(15) − 𝜇(12)

𝜎( 4 = 2)
=
15 − 12

2
=
3

2
= 1.5

Compute:

P (Z >= 1.5) = ?
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𝑵(𝝁, 𝝈𝟐) practical examples…

Empirical evidences show that certain supplier can provide an important

medical device within a normal distributed delivery time (with 𝜇 = 12
and 𝜎2 = 4, days and squared-days, respectively). For the firm that

receives the devices, more 15 days of lead time would make almost

impossible to serve their customers. The main question is: how likely is

that delivery time overcomes 15 days?

Compute:

P (Z >= 1.5) = ?
Excel…

The area below the curve from 
the left asymptote (bell) to the 
define z-value

Cumulative = 1Cumulative = 1
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𝑵(𝝁, 𝝈𝟐) practical examples…

Empirical evidences show that certain supplier can provide an important

medical device within a normal distributed delivery time (with 𝜇 = 12
and 𝜎2 = 4, days and squared-days, respectively). For the firm that
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Compute:

P (Z >= 1.5) = ?
Excel…



Historical dataset provide sufficient evidence to assume our oxygenated

water demand is normally distributed, with mean 300 Kgs and standard

deviation of 25 Kgs. After a discussion with the financial department, we

realize that for overcoming the breaking-even point our sales should be

between 250 and 325 kilograms. How probable it is that our sales are

between 250 and 325 kilograms? Compute:

P ( 250 ≤ X ≤ 325) = ?



Historical dataset provide sufficient evidence to assume our oxygenated

water demand is normally distributed, with mean 300 Kgs and standard

deviation of 25 Kgs. After a discussion with the financial department, we

realize that for overcoming the breaking-even point our sales should be

between 250 and 325 kilograms. How probable it is that our sales are

between 250 and 325 kilograms?

𝑍250 =
𝑥(250) − 𝜇(300)

𝜎(25)
=
−50

25
= −2

𝑍325 =
𝑥(325) − 𝜇(300)

𝜎(25)
=
25

25
= +1

Compute:

P ( -2 ≤ Z ≤ +1) = ?



Historical dataset provide sufficient evidence to assume our oxygenated

water demand is normally distributed, with mean 300 Kgs and standard

deviation of 25 Kgs. After a discussion with the financial department, we

realize that for overcoming the breaking-even point our sales should be

between 250 and 325 kilograms. How probable it is that our sales are

between 250 and 325 kilograms?

𝑍250 =
𝑥(250) − 𝜇(300)

𝜎(25)
=
−50

25
= −2

𝑍325 =
𝑥(325) − 𝜇(300)

𝜎(25)
=
25

25
= +1

Compute:

P ( -2 ≤ Z ≤ +1) = 

P (Z >= -2) – P (Z>= +1)



Historical dataset provide sufficient evidence to assume our oxygenated

water demand is normally distributed, with mean 300 Kgs and standard

deviation of 25 Kgs. After a discussion with the financial department, we

realize that for overcoming the breaking-even point our sales should be

between 250 and 325 kilograms. How probable it is that our sales are

between 250 and 325 kilograms?

𝑍250 =
𝑥(250) − 𝜇(300)

𝜎(25)
=
−50

25
= −2

𝑍325 =
𝑥(325) − 𝜇(300)

𝜎(25)
=
25

25
= +1

Compute:

P ( -2 ≤ Z ≤ +1) = 

P (Z >= -2) – P (Z>= +1)

… 0.8186



𝑵(𝝁, 𝝈𝟐) practical examples…

Empirical evidences show that certain supplier can provide an important

medical device within a normal distributed delivery time (with 𝜇 = 12
and 𝜎2 = 4, days and squared-days, respectively). For the firm that

receives the devices, more 15 days of lead time would make almost

impossible to serve their customers. The main question is: how likely is

that delivery time overcomes 15 days?

Historical dataset provide sufficient evidence to assume our oxygenated

water demand is normally distributed, with mean 300 Kgs and standard

deviation of 25 Kgs. After a discussion with the financial department, we

realize that for overcoming the breaking-even point our sales should be

between 250 and 325 kilograms. How probable it is that our sales are

between 250 and 325 kilograms?

How do I know 
this?



The goodness of fit test…



The goodness of fit test is used to test if sample data fits a 

distribution from a certain population (i.e. a population with 

a normal distribution or one with a Weibull distribution). 

Professional 
software

…carry it out in Excel…
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The goodness of fit test is used to test if sample data fits a 

distribution from a certain population (i.e. a population with 

a normal distribution or one with a Weibull distribution). 

Professional 
software

…carry it out in Excel…



Refreshing statistics…



Statistics

Descriptive

Inferential



Descriptive

Descriptive statistics is the term given to the analysis of data

that helps to describe, show or summarize data in a

meaningful way such that, for example, patterns might

emerge from the data.



e.g.

Example of descriptive results



Elements

Measures of central tendency: these are ways of describing the 

central position of a frequency distribution for a group of data

Mean (average, geometric, harmonic)

Median

Mode

Later in Excel



Elements

Measures of central tendency: these are ways of describing the 

central position of a frequency distribution for a group of data

Mean (average, geometric, harmonic)

Median

Mode

𝐺 = 𝑛 𝑥𝑖 ∙ 𝑥𝑖+1 ∙ 𝑥𝑖+2 ∙ ⋯ ∙ 𝑥𝑛

working with samples…no compensation

Later in Excel as 

well



Elements

Measures of central tendency: these are ways of describing the 

central position of a frequency distribution for a group of data

Mean (average, geometric, harmonic)

Median

Mode

Examine in 

details

𝐻 =
𝑁

σ𝑖=1
𝑛 ൗ1 𝑋𝑖

working with samples…less important the 
positive extreme values



Using the measures of central tendency in forecasting…



Using the measures of central tendency in forecasting…

𝐺 = 𝑛 𝑥𝑖 ∙ 𝑥𝑖+1 ∙ 𝑥𝑖+2 ∙ ⋯ ∙ 𝑥𝑛



Using the measures of central tendency in forecasting…

𝐻 =
𝑁

σ𝑖=1
𝑛 ൗ1 𝑋𝑖



Using the measures of central tendency in forecasting…

Small errors in 
predictions…

Outliers



Elements

Standard deviation

Variance

Range

CV

Later in Excel…and 

Real Stat Add-Ins

Measures of spread: these are ways of summarizing a group of data 

by describing how spread out the scores are.

𝑆 =
σ𝑖=1
𝑛 (𝑥𝑖 − ҧ𝑥)2

𝑛 − 1



𝐶𝑉 =
𝑆

ത𝑋
Useful in risk analysis…

The coefficient of variation (CV) represents the ratio of the standard deviation to the 
mean, and it is a useful statistic for comparing the degree of variation from one data 
series to another, even if the means are drastically different from each other. 

Supplier 1(Kgs) vs Supplier 2 (units)



Measures of 

Distribution

Skewness: distribution (aggregations of observations) can be 

spread around both sides  of the central tendency.

Kurtosis: is the measure of the peak of a distribution, and 

indicates how high is around the  mean.



Comprehensive 
module for 
descriptive 

statistics

Analyzing the weekly patient arrivals…



Analyzing the weekly patient arrivals…

Data array…

Include the cell “patient arrivals”

All descriptive statistics…

Box Plot depicting the outliers

Another Normality-test… 



Analyzing the weekly patient arrivals…

Use the 
pointer…searching 
choice´s meaning…

Use the 
pointer…searching 
choice´s meaning…



Analyzing the weekly patient arrivals…

102 patients arrive…on average

𝑆𝐸 =
𝑆

𝑛
↓(data better distributed)

The most repeated value

A little high...

Symmetric 
respect to the 

mean



Analyzing the weekly patient arrivals…

Average of the Absolute Deviation…

𝐴𝐴𝐷 =
1

𝑛
σ 𝑥𝑖 − ҧ𝑥



Analyzing the weekly patient arrivals…

Median Absolute Deviation…



Analyzing the weekly patient arrivals…

Inter-quartile Range…



Descriptive Stats Inter-quartile Range…

Sorting data



Descriptive Stats Inter-quartile Range…

      

            

                   

         

Median Median

https://www.pinterest.com/pin/203928689353407866/



Descriptive Stats

Box plot



Descriptive Stats

https://www.itl.nist.gov/div898/handbook/prc/section1/prc16.htm



Descriptive Stats



Descriptive Stats

Very stable 
demand…

Somehow 
bias…

Somehow 
bias…



Analyzing the weekly patient arrivals…

One outlier…the data could be 
removed from the dataset

One outlier…the data could be 
removed from the dataset



Analyzing the weekly patient arrivals…

There is normality

H0: The data follow a Normal Distribution
H1: The data do not follow a Normal Distribution

1) Define the hypothesis

2) Identify the proper statistical test

3) Compute the p-value

4) Compare p-value against an “acceptable significance value(α)”…then 

make a decision… 

If  𝑝-value ≤ α Then 
the null hypothesis is ruled out, and the alternative hypothesis is valid.

Else

The null hypothesis is valid

There is normality



Descriptive-Stats in R…


