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Epidemiological field scenario:
You have been noticing a higher occurrence of cows with abortions 
during their last term of pregnancy. You know that some new animals 
were purchased in your jurisdiction including bulls many months ago. 
You sample milk and serum from few of the affected animals to detect 
the cause. As you suspected, the laboratory results (with ELISA test) 
were positive for Brucella abortus.
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Data
 Data

 measurements or values of a characteristic of interest.
Data ≠ Information

 Information is generated by “working” with data
 Group data
 Summarize data

 Information, not data, 
is used to make decisions.



Individuals and variables
Subjects/ Individuals are the objects described by a set of data.  
Subjects may be animals, people, or things.

 Jersey cows, Golden retrievers, fields of corn, bacterial cells 
etc.

A variable is any characteristic of an individual.  A characteristic/ 
variable can take different values for different individuals.

 Age, gender, disease status, blood pressure, blood type, 
temperature, eye color

(= observations)



Disease outcome 
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Disease outcomes or factors [Data]
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Disease outcomes or factors[Data]

Qualitative/ Categorical data
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Seropositive yes/ no
Disease yes/no
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Precision and validity of the data



Example:
 You measure the body temperature of a cow 3 times 

consecutively using the same thermometer and get 
slightly different values: 38, 38.2, 38.3oC. 

What could be the reason?

https://www.fwi.co.ukQuality of Measurements

Accuracy (or Validity)
Observations or 
measurements represent the 
true status of characteristic

Precision (or repeatability, 
reliability)

Repeated measurements 
yield similar results



Quality of Measurements
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Precision

Yes

No

Yes No

Random error

Systematic error

Deviation

Deviation

You measure the body 
temperature of the cow 3 times 
using the same thermometer 
and get slightly different 
values: 38, 38.2, 38.3oC.

The weighing scale you use for patients 
reads 2 kg less for all measurements.
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Describing quantitative data (Continuous)

• Measures of the center of data:
o Mean
o Median
o Mode

• Measures of dispersion
o The range
o The interquartile range
o The variance
o The standard deviation



Mean:
To calculate add all values, then divide by the number of 

individuals. 

Measures of Central Tendency
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Temperature (o C) in 12 calves
CALF TEMP o C

1 39.2
2 39.3
3 38.1
4 38.6
5 38.6
6 38.9
7 38.9
8 38.9
9 38.9

10 39.2
11 38.6
12 38.5

Σ=465.7

The mean is a good numerical summary.
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Here the shape of the distribution is wildly 
irregular. Why? 

6.69=x

Milk production (liters per week)
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A single numerical summary here would not make sense.

9.63=x
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3.78=x


Chart11

		1		0		0

		1		0		0

		2		0		0

		2		0		0

		4		0		0

		4		0		0

		3		1		0

		2		2		0

		2		0		0

		2		1		0

		1		1		0

		1		0		0

		0		4		0

		0		3		0

		0		1		0

		0		1		1

		0		0		4

		0		1		2

		0		0		2

		0		0		0

		0		0		1

		0		0		0

		0		0		1

		0		0		1

		0		0		1

		0		0		1

		0		0		0

		0		0		1



blue

pink

red

Milk production

Number of dairy cows

Milk production by breed



Ht,flowers

		height				bin		class		Frequency				stem		leaves				height		height						woman		height				woman		height				58.2		64.0				4 big outliers		Frequency				Number		Name		POS		Feet		Inches		Total				Bin		UCI women		Class		UCI men		total=allflowers		compress		Name		feet		inches		totalinches		weight				Men		Frequency				MenAlone		Frequency				class,women, men, no outliers				Bin		Frequency						Bin		blue		pink		red

		58.2				57		57		0				58		2				58.2		58.2		64.0				1		58.2				14		64.0				59.5		64.5				57		0				1		Lisa Faulkner		G		5		5		65				59		0		1		0		1		2		Jesse Obrand		6		2		74		185				57		0				74		1				58.2				57		0						59		1		0		0

		59.5				58		58		0				59		5				59.5		59.5		64.5				2		59.5				15		64.5				60.7		64.1				58		0				3		Ashley Biggins		C		6		4		76				60		0		1		0		1		4		Jerry Green		6		3		75		190				58		0				75		4				59.5				58		0						60		1		0		0

		60.7				59		59		1				60		79				60.7		60.7		64.1				3		60.7				16		64.1				60.9		64.8				59		1				4		Katie Sturgeon		F		6		2		74				61		0		2		0		2		8		Jeff Gloger		6		3		75		175				59		0				76		2				60.7				59		1						61		2		0		0

		60.9				60		60		1				61		99				60.9		60.9		64.8				4		60.9				17		64.8				61.9		65.2				60		1				10		Lisa Woznick		G		5		11		71				62		0		2		0		2		8		DeVaughn Peace		6		3		75		180				60		0				77		2				60.9				60		1						62		2		0		0

		61.9				61		61		2				62		2249				61.9		61.9		65.2				5		61.9				18		65.2				61.9		65.7				61		2				11		Jana Ciperova		G		6		0		72				63		0		4		0		4		5		Aras Baskauskas		6		3		75		187				61		0				78		0				61.9				61		2						63		4		0		0

		61.9				62		62		2				63		199				61.9		61.9		65.7				6		61.9				19		65.7				62.2		66.2				62		2				12		Wendy Gabbe		F		5		11		71				64		0		4		0		4		3		Mike Hood		6		4		76		190				62		0				79		1				61.9				62		2						64		4		0		0

		62.2				63		63		4				64		0158				62.2		62.2		66.2				7		62.2				20		66.2				62.2		66.7				63		4				13		Courtney Ferguson		G		5		6		66				65		1		3		0		4		7		Jeff Hufford		6		4		76		175				63		0				80		0				62.2				63		4						65		3		1		0

		62.2				64		64		4				65		27				62.2		62.2		66.7				8		62.2				21		66.7				62.4		67.1				64		4				14		Kristen Green		G		5		8		68				66		2		2		0		4		3		Jordan Harris		6		5		77		217				64		0				81		1				62.2				64		4						66		2		2		0
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		63.1				67		67		2				68		9				63.1		63.9		68.9				11		63.9				24		68.9				63.1		69.6				67		2				22		Chanda McLeod		F		5		11		71				69		1		1		0		2		1		J.R. Christ		6		9		81		245				67		0				84		1				63.1				67		2						69		1		1		0

		63.9				68		68		2				69		6				63.9		63.1		69.6				12		63.1				25		69.6				63.9		74.0				68		2				24		Nina Han		G		5		6		66				70		0		1		0		1		2		Stanislav Zuzak		6		10		82		220				68		0				85		0				63.9				68		3						70		1		0		0

		63.9				69		69		1										63.9		63.9						13		63.9				n=25												69		1				34		Brandy Hudson		F		6		1		73				71		4		0		0		4		2		Ryan Codi		6		11		83		210				69		0				86		1				63.9				69		2						71		0		4		0

		64.0				70		70		1										64.0																										70		1				42		Cindy Oparah		F		5		11		71				72		3		0		0		3		1		Adam Parada		7		0		84		240				70		0				More		0				64.0				70		1						72		0		3		0

		64.1				71		More		0										64.1																										71		0				44		Christina Callaway		F		6		0		72		70.4666666667		73		1		0		0		1				Dave Korfman		7		2		86		275		78.3333333333		71		0				this is for red plants						64.1				71		4						73		0		1		0
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Ht,flowers
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myeloma
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UCI women

Class

UCI men

Height in inches

Number of Individuals

Height of Class, Women's and Men's Teams



		



UCI women

Class

Height in inches

Number of Women

Women's Height: Class and Team



		



UCI women

Class

UCI men

Height in inches

Number of Individuals

Plant Height and Flower Color
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Number of Plants

Size of Red-flowered Plants



		



Frequency
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Number of Plants

Height of Plants
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Height in centimeters

Number of Plants

Height of Plants by Color



		lowerlimit		upperlimit		N		percent		die		percent dead						http://www.dhs.vic.gov.au/phb/hce/peri/pn/tables/t20.html

		500		999		325		0.5		178		54.77		147

		1000		1499		384		0.6		51		13.28		333

		1500		1999		755		1.2		56		7.42		699

		2000		2499		2433		3.8		57		2.34		2376

		2500		2999		9832		15.2		62		0.63		9770

		3000		3499		23739		36.7		54		0.23		23685

		3500		3999		19736		30.5		35		0.18		19701

		4000		4499		6320		9.8		14		0.22		6306

		4500		4999		1056		1.6		5		0.47		1051

		5000		up		109		0.2		1		0.92		108

		total				64689





		





		





		





		YrSinceDiagnosis		PercentDeadThisYear		CumulativeDead		BinForN=30				Patients		Years2Live						Bin		Frequency

		1		29		29		9				1		1				2		2		15

		2		16		45		5				2		1				4		4		6

		3		12		57		4		57		3		1				6		6		4

		4		9		66		3				4		1				8		8		2

		5		8		74		2				5		1				10		10		1

		6		6		80		2				6		1				12		12		0

		7		5		85		1				7		1				14		14		1

		8		3		88		1				8		1				16		16		1

		9		3		91		1				9		1						More		0

		10		2		93		0				10		2						More		0

		11		1		94		0				11		2

		12		1		95		0				12		2

		13		1		96		0				13		2

		14		1		97		1				14		2

		15		1		98		0				15		2

		16		1		99		0				16		3

		17		1		100		1				17		3
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Measures of Central Tendency

 Median  =  Central value or middlemost number in range  
(when numbers are arranged in an order)

1 3 4 6 8 8 9 9 9

Median = 8

Example: Litter size in 9 Sows

Q1= 3.5 Q3= 9.0



Measures of Central Tendency

 Mode  =  Most frequent value

1 3 4 6 8 8 9 9 9

Mode = 9

Example: Litter size in 9 Sows



Which one is best to use?

It depends
What kind of data do you have?
 Normally-distributed (bell-shaped) data
 Skewed data (long tail on one end)

Means

Medians



The Power of Normal Data

Mean
Median
Mode

+1SD-1SD +2SD-2SD

95% of data

67% of data



The median, on the other 
hand, is only slightly pulled 
to the right by the outliers 
(from 3.4 to 3.6).

The mean is pulled to the 
right a lot by the outliers 
(from 3.4 to 4.2).
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Mean and median of a distribution with outliers

4.3=x

Without the outliers

2.4=x

With the outliers

Disease X: percent of animals dying



Measures of dispersion (spread) in continuous 
data

 Variance
 Standard deviation
 Standard error
 Ranges



Measures of dispersion (spread) of continuous 
data
When your data is summarized using the “mean”:

 Variance (S2)
 Average of [(difference of each value from mean)2]
 Measure of variability from the mean

 Standard Deviation (SD)
 Square root of variance
 Measure of individual variability from the mean

 Standard Error of the Mean (SE or SEM)
 SD / √n
 Measure of population or group variability 



When your data is summarized using the “median”:
 Measure of individual variability from “center”

 Range
 Maximum – Minimum value

 Interquartile range
 Q3 – Q1

Measures of dispersion (spread) of continuous 
data



1 3 4 6 8 8 9 9 9

Median = 8Q1= 3.5 Q3= 9.0

Range and Inter-quartile Range:

IQR= Q3-Q1= 9.0 - 3.5= 5.5 

Range= Max – Min= 9.0 – 1.0= 8.0

Minimum
value

Maximum
value
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Describing Categorical health data 
(Qualitative)

• Frequency (counts)
• Percentages



Measures of health 
indices



Measuring Disease (health event):

• Crude vs. specific measure
• Crude

• Measure in entire study population
• Eg. 10/100 of entire study population sick

• Specific
• Measure in a subgroup of study population
• Age, sex, exposure group, risk factor
• E.g. 40/100 were females



Count
 Number of diseased, infected, dead
 16 goats had foot injuries

Population-at-risk (PAR)
 Number “capable” of experiencing disease, infection 

or death
 Watch your denominators: Bulls aren’t at risk of abortion, 

exclude bulls from PAR if studying uterine diseases
 Recently recovered individuals (in many cases) aren’t at risk 

of developing the same disease



Morbidity 
• Total number of illnesses during a given time period/total 

population

Mortality
 Total number of deaths during a given time period/total 

population in which the deaths occurred

Case-fatality rate
 Number of deaths during a given time period from a 

particular disease/number of individuals with the specific 
disease



Disease (health event) frequency measures:

1) Proportions

 Values: 0 to 1 or 0%-100%
 Example: In a region with 50 veterinary hospitals, 10 were multi-

specialty facilities and 40 were not. The proportion of hospitals that 
were multi-specialty facility are 10/50 = 0.2 or 20%

BA
A
+ B

A

Note: Numerator is a part of the denominator



2) Ratios

 Purpose: Compare 2 mutually exclusive groups
 Values:  Any positive value
 Example: In a region with 50 veterinary hospitals, 10 were multi-

specialty facilities and 40 were not. The ratio of hospitals that were 
multi-specialty to that were not is 10/40 or 1:4

BAor
B
A :

BA

Note: Denominator does not include Numerator



3) Rates
 Purpose: measure change per unit-time.
 Tells us how fast disease is occurring
 Values:  Any value per time-unit
 Example: In a region with 50 dairy farms, 10 reported 

abortions last year and 40 did not. The rate of abortions in the 
region was 0.2 per year.



 “Risk” of disease
 The probability that an individual will be 

diseased
 A proportion 
 Example: prevalence or incidence risk

 “Rate” of disease
 The speed of disease through the population
 A rate 
 Example: incidence rate

# Individuals with disease
# Individuals @ risk

New cases of disease
Individual-time @ risk

Measures of Health Indices:



Proportion of cases in the population-at-risk at a 
GIVEN point in time.

Number of cases observed at time t     
Total number of individuals at risk at time t

Prevalence is a proportion not a rate
(prevalence does not involve “speed” of disease occurrence or 

spread)

Prevalence

• Point Prevalence – proportion at a specific point in time
• Period prevalence – proportion during a certain time 

period

Measures of Health Indices:



Incidence 

Incidence = Number of “new” cases observed
Population-at-risk

 Incidence is a rate
Measures the flow of individuals from the disease-free state to the 

disease state over time in the population-at-risk
 Measure of how quickly disease is spreading
 What is happening moment to moment or year to year

during time interval T 



Epidemiological field scenario:
You have been noticing a higher occurrence of cows with abortions 
during their last term of pregnancy. You know that some new animals 
were purchased in your jurisdiction including bulls many months ago. 
You sample milk and serum from few of the affected animals to detect 
the cause. As you suspected, the laboratory results (with ELISA test) 
were positive for Brucella abortus.
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