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MESSAGE

[ am immensely pleased to know that ICAR- NIVEDI is organizing a regional
training on ‘Animal Disease Informatics and Biostatistics’ under the aegis of SAARC
Agriculture centre (SAC), Bangladesh from 3 to 8" May, 2018 at Bengaluru, India.

The role of livestock in livelihood, nutritional and food security of millions of
people living in SAARC countries is very significant. Formulation of effective disease
control strategies is a daunting task for the animal husbandry sector in most of the
countries. In this scenario, animal disease informatics is an emerging field in the
livestock sector which will help in drafting livestock disease control strategies through
forecasting and forewarning of these diseases which will reduce animal disease burden.
In the area of animal disease informatics and biostatistics, the role of ICAR-NIVEDI is
noteworthy and with the objective of sharing of these ideas, commonalities and solutions
among the researchers of the South Asian Association for Regional Cooperation
(SAARC) countries, ICAR-NIVEDI is organizing regional training in the relevant area.

I wish the training all success and complement the organizers for selecting
appropriate theme for deliberation which will definitely provide cross learning
opportunities in the field of disease informatics, statistical analysis, disease control and

prevention within the SAARC region.
W,ﬁ
//—'—J’

(T. MOHAPATRA )

Dated the 27" April, 2018
New Delhi
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Message

It gives me immense pleasure that National Institute of Veterinary
Epidemiology and Disease Informatics (ICAR- NIVEDI) is organizing a regional
training on ‘Animal Disease Informatics and Biostatistics' from 3™ to 8" May,
2018 under the aegis of SAARC Agriculture centre (SAC), Bangladesh at
Bengaluru, India.

The SAARC Agriculture Centre (SAC) is supports livestock sector, which
is an essential component for rural livelihood sustainability especially in the rural
areas. As a SAARC member country, India is providing training to experts of
member countries in animal disease informatics and biostatistics.

Effective control of the diseases in a country demands a thorough
understanding about the epidemiology of the disease including identification of
risk factors contributing to the occurrence of the diseases. Early warning of
disease incidence or outbreaks and the capacity on prediction for spread to new
areas is an essential pre-requisite for the effective containment and control of
epidemic animal diseases.

ICAR NIVEDI plays a pivotal role in strategizing control measures by
forecasting 13 prioritized livestock diseases in the country, this training on
Animal disease informatics and biostatistics will provide an avenue for the
researchers of the South Asian Association for Regional Cooperation (SAARC)
countries to strengthen their knowledge in the area of epidemiology and disease
informatics for the effective prevention and control of livestock diseases within
the SAARC region.

| wish this endeavor a grand success.
i

(J.l@a)
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SAARC AcricuLTURE CENTRE (SAC)

MESSAGE

I am delighted to hear that a training compendium/manual to be published for the
SAARC regional training programme on “Animal Disease Informatics and Biostatistics”
jointly organized by SAARC Agriculture Centre (SAC), Bangladesh and ICAR-National
Institute of Veterinary Epidemiology and Disease Informatics (NIVEDI), Bengaluru-560 064,
India.

SAARC Agriculture Centre (SAC), under the aegis of SAARC has been working for the
promotion of agricultural research & development as well as technology transfer through
regional networks among agricultural research/extension institutions and policy makers in
the SAARC Member States. ICAR- NIVEDI is one of the specialized premier institute in India
undertaking research and developmental activities on animal disease epidemiology and
informatics for the promotion of animal health. The regional training on” Animal Disease
Informatics and Biostatistics” would provide theoretical as well as hands-on knowledge
to the participants on modern concept of epidemiology and disease informatics that may
expedite diagnosis, prevention and control of livestock and poultry diseases in their
respective countries. The training would impart knowledge for effective and timely outbreak
response and surveillance for epidemic and emerging infectious diseases. 1 believe the
contents of the compendium/ manual is certainly the store of information related to recent
research and development of modern animal epidemiology and informatics. This book is
unique and surely a work to treasure for anyone who is interested in pursuing research on
animal epidemiology and disease informatics.

- T wish all the grand success for this regional training programme and its endeavours.

(Dr. S. M. Bokhtiar)
Director, SAC

BARC Complex, New Airport Road, Farmgate, Dhaka-1215, Bangladesh
Tel: +880-2-58153152, PABX: 8141635, 8141140, 9122808, Fax: +880-2-9124596

E-mail: director@sac.org.bd, Web: www.sac.org.bd

_ Animal Disease Informatics and Biostatistics
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MESSAGE

I am glad to know that ICAR-National Institute of Veterinary Epidemiology and
Disease Informatics (NIVEDI), Bengaluru is again in the front for sharing the knowledge
to the researchers of SAARC countries by organization of a regional training on ‘Animal
Disease Informatics and Biostatistics’ on May 3 to 8, 2018 under the aegis of SAARC
Agriculture centre (SAC), Bangladesh.

It is well known that the livestock is an important means of livelihood of the
farmers augmenting the income from agriculture, especially in developing countries.
Scientific management of livestock and thereby increasing the productivity is critical for
global food security. This can be achieved by growing the knowledge about
epidemiology of animal diseases including identification of risk factors in any specific
geographic area and strategizing control measures and management practices for
healthy livestock and products. I am sure that the training will be of immense help to
the participants from the SAARC countries with constructive exchange of knowledge
and experience of NIVEDI in this area.

[ wish all the success for the training.

<s’{:§‘{fu/”/

(Ashok Kumar)
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ICAR-National Institute of Veterinary Epidemiology and Disease Informatics

TS o, ASTEEhT, TR - 560 064, AT
Ramagondanahalli, Post Box No. 6450, Yelahanka, Bengaluru - 560 064, INDIA

Dr. Parimal Roy, m.v.sc.Ph.D.
Director

Message

ICAR-NIVED], is a pioneer research institute under Indian Council of Agricultural Research
(ICAR), hasbeen entrusted to conduct Research & Development in the field of Veterinary Epidemiology
and animal disease surveillance for the entire country. ICAR-NIVEDI plays an extremely pivotal role
in developing models for risk analysis, animal disease forecasting, forewarning, need based diagnostics
and economic impact analysis of the diseases.

Livestock plays an important role in rural livelihood of subsistence farmers dependent on the
sector. Livestock disease informatics in collection, collation, analysis and dissemination of the results
to stakeholders is important for prevention and control of livestock diseases. Capacity building in the
field of disease informatics and bio-statistics for the SAARC member countries will be of immensely
useful for the participants to contain diseases and also trans-boundary diseases of importance to the
region. There is need for continuous exchange of knowledge between SAARC member countries in
emergency preparedness of emerging and re-emerging livestock diseases of the region.

It is a matter of pride and responsibility for the Institute to host the SAARC sponsored training
on Animal Disease Informatics and Biostatistics’ for participants of SAARC member country from
3rd to 8th May, 2018 under the aegis of SAARC Agriculture centre (SAC), Bangladesh and hope that
the deliberations in the program will be mutually beneficial to the participants as well as to the host
faculty. This training will create an avenue for ICAR NIVEDI to deliver our experience in the field of
disease informatics, statistical analysis, prevention and control of livestock diseases to the participants
which will pave a better way to control the most economically important animal diseases within the
SAARC region.

I wish the participants a pleasant stay and I wish the training a great success

A—rls

(Parimal Roy)

_ Animal Disease Informatics and Biostatistics
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ABOUT TRAINING PROGRAM

ICAR- National Institute of Veterinary Epidemiology and Disease Informatics (NIVEDI), Bengaluru, Karnataka,
India is organizing training program on “Animal Disease Informatics and Biostatistics” from 3 to 8, May
2018, which is sponsored by SAARC Agriculture center, Dhaka, Bangladesh. The participants for the training
program are from Bangladesh, Srilanka, Bhutan, Nepal and India. The objective of the training program is to
impart the training to member nations in the domain of Animal Disease Informatics and Biostatistics, which is
an important area that systematically studies science and technology needed for collecting, sharing, reporting,
analyzing, and visualizing infectious disease data. The theme of the training program is appropriately chosen
by the SAARC agriculture center considering the urgent need to strengthen this area in order to formulate
effective regional disease control and prevention programs.

The current training program is designed out of expertise gained over a period of many years through the
process of conceptualizing, developing and successfully managing the National Animal Disease Expert Referral
System (NADRES) which is working model that epitomizes the significance of animal disease informatics.
The training topics cover disease data collection/capture, data storage system, analytics, data presentation and
forewarning or dissemination of disease information periodically to stakeholder. Data analysis starts with the
collection of data followed by sorting and processing. Disease data presentation (using charts, maps and other
methods) and analysis (spatial and temporal) forms an important part of this training program. The practical
approach to train the participants to analyses the disease incidence data, cluster detection, spatial mapping by
R software is provided.

In the present course, modules related to development of disease database, prediction and forewarning of
disease, epidemiological study designs to understand the disease incidence and spread, biostatistical methods
to analysis disease data and presentation of disease information in the form of spatial and temporal maps are
designed along with hands on practical sessions. Overall the training program emphasizes more on disease data
sources and collection strategies, data analysis and outbreak detection principles, data visualization, information
dissemination and alerting, system assessment and evaluation. Hope this training program is immensely useful
to the participants from SAARC countries with constructive exchange of knowledge and experience.
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National Animal Disease Referral Expert System (NADRES)
K.P.Suresh, D. Hemadri, SS Patil and Parimal Roy
ICAR-National Institute of Veterinary Epidemiology & Disease Informatics, Bengaluru, India

During 1987, The Indian Council of Agricultural Research (ICAR) established an All India Coordinated
Research Project on Animal Disease Monitoring and Surveillance, (AICRP on ADMAS). On 1st April 2000, the
AICRP on ADMAS was upgraded to Project Directorate on Animal Disease Monitoring and Surveillance (PD_
ADMAS) (during IX Plan). The Directorate got further impetus with the addition of five more collaborating
units in X plan and two mission mode NATP projects viz., Animal Health Information System and Data
monitoring System (AHIS_DMS) and Weather based Animal Disease Forecasting (WB_ADF) having 17 and 20
collaborating units respectively. Combining the input from AHIS_DMS and WB_ADE an interactive, dynamic
online animal disease forewarning system called NADRES (National Animal Disease Referral Expert System)
was developed with overall aim to improve the early warning and response capacity to animal disease threats in
the country for the benefit of farmers. Presently NIVEDI is having 31 AICRP centres.

Early warning of disease incidence or outbreaks and the capacity of prediction of risk of spread to new areas
is an essential pre-requisite for the effective containment and control of epidemic animal diseases, including
zoonosis. Early warning is based on the concept that dealing with a disease epidemic in its early stages is easier
and more economical than having to deal with it once it is wide spread. From the public health prospective,
early warning of disease outbreaks with a known zoonotic potential will enable control measures that can
prevent human morbidity and mortality. National Institute of Veterinary Epidemiology & Disease Informatics
developed the software application, NADRES, that systematically collect, verify, analyse and respond to the
information from designated AICRP-ADMAS, unofficial media reports and informal networks. NADRES
builds on the added value combining the alert and response mechanisms of different organisations like state
animal husbandry departments, Departments from universities, department of Animal husbandry, Dairying
and Fisheries, AICRP on ADMAS and other agencies including NGOS, enhancing the capacity for the benefit
of the farmers in the country and other stakeholders to assist in prediction, prevention and control of animal
disease threats, including zoonosis, through sharing information, epidemiological analysis and joint missions
to assess and control the outbreak, whenever needed. For Zoonotic disease events, alerts of animal outbreaks or
incidence can provide the direct early warning so that human surveillance could be enhanced and preventive
action can be taken. Similarly there may be cases where human surveillance is more sensitive and alerts of
human cases precede known animal occurrence of disease. Sharing assessments of an outbreak will enable a
joint and comprehensive analysis of the disease event and its possible consequences. Joint dissemination will
furthermore allow harmonised communication by the Central and state Animal departments, ICAR-NIVED]I,
regarding disease control strategies.

Regarding the joint response to disease emergencies, the three organisations will be able to respond to a larger
number and cover a wider range of outbreaks or exceptional epidemiological events with the provision of a
wider range of expertise. This will improve the national preparedness for epidemics and provide rapid, efficient
and coordinated assistance in developing disease control strategies.

Specific Objectives of NADRES

o Allow state and central animal husbandry departments to better prepare themselves to prevent
incursion of animal diseases/infection and enable their rapid containment.

o Increase timeliness and sensitivity of alerts

o Improve the detection of exceptional epidemiological events at country level

_ Animal Disease Informatics and Biostatistics



« Improve the transparency among different stakeholders

o Improve the national surveillance and monitoring systems and strengthen the networks of veterinary
laboratories working in the country.

« Improve national preparedness for animal and zoonotic epidemics and provide rapid, efficient and
coordinated assistance to states experiencing them.

« Provide the technical support to states on issues at the animal/human interface of outbreak control.

Disease Outbreak data base

Database on disease outbreaks were collected though the networks of AICRP on ADMAS with 31 centres across
the country, provide the regular outbreak information along with date and location of outbreaks, susceptible
population, deaths, attacks etc., Disease data obtained on a format is entered in to NADRES database in a
double -data-entry validation mode to achieve to zero error entry. Database contains the disease events since
1990 was further improved by inclusion of additional 16 AICRP centres.

Risk factors database

Risk factors such as weather parameters from different sources includes the monthly precipitation(mm), sea
level pressure (millibar),minimum temperature (°C) maximum temperature(°C) wind speed (m/s), vapour
pressure (millibar), soil moisture(%) , perceptible water(mm), potential evaporation transpiration (mm), cloud
cover(%) etc., extracted from National Centre for environmental prediction (NCEP), Indian Meteorological
Department(IMD),National Innovations Climate Resilient Agriculture (NICRA) and other sources. The
remote sensing variables like Normalised Difference vegetative index (NDVI) and Land Surface temperature
were extracted from MODIS/LANDSAT/LISS III or IV satellite images. The livestock population and densities
were extracted from Livestock census 2012.

Statistical Model

A multivariate logistic regression model was used to predict the probability disease risk in relation to weather
parameters, remote sensing variables and livestock population or densities. The goal of logistic regression is
to find the best fitting (yet biological reasonable) model to describe the relationship between dichotomous
characteristic of interest (disease outbreak) and a set of predictors (weather parameters, RS variables and
demographics) Logistic regression generates the co-efficients (and its standard error and significance level) of a
formula to predict a logit transformation of the probability of presence of the characteristics of interest.

Eﬂgif{p} =byg + by Xy + bs Xo + b3 X3+... +0p X

where p is the probability of presence of the characteristic of interest. The logit transformation is defined as the
logged odds

P probability of presence of characteristic

1—-p  probability of absence of characteristic

and

logit(p) = Lu(li)

- P

Rather than choosing parameters that minimize the sum of squared errors (like in ordinary regression),
estimation in logistic regression chooses parameters that maximize the likelihood of observing the sample
values.
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Overall Fit of Model

The null model -2 Log Likelihood is given by -2 * In(L ) where L is the likelihood of obtaining the observations
if the independent variables had no effect on the outcome. The full model -2 Log Likelihood is given by -2
* In(L) where L is the likelihood of obtaining the observations with all independent variables incorporated
in the model. The difference of these two yields a Chi-Squared statistic which is a measure of how well the
independent variables affect the outcome or dependent variable. If the P-value for the overall model fit statistic
is less than the conventional 0.05 then there is evidence that at least one of the independent variables contributes
to the prediction of the outcome. Cox & Snell R*and Nagelkerke R*are other goodness of fit measures known
as pseudo R-squares. Note that Cox & Snell’s pseudo R-squared has a maximum value that is not 1. Nagelkerke
R*adjusts Cox & Snell’s so that the range of possible values extends to 1.

Hosmer-Lemeshow test

The Hosmer-Lemeshow test is a statistical test for goodness of fit for the logistic regression model. The data
are divided into approximately ten groups defined by increasing order of estimated risk. The observed and
expected number of cases in each group is calculated and a Chi-squared statistic is calculated as follows:

& Ey)?

zl u(l Er"r“'g}

with Og, Eg and n, the observed events, expected events and number of observations for the g” risk decile group,
and G the number of groups. The test statistic follows a Chi-squared distribution with G—2 degrees of freedom.

A large value of Chi-squared (with small p-value < 0.05) indicates poor fit and small Chi-squared values (with
larger p-value closer to 1) indicate a good logistic regression model fit.

Early Warning System (EWS)

Early identification of an infectious disease outbreak is an important first step towards implementing effective
disease interventions and reducing resulting mortality and morbidity. The geographic and seasonal distribution
of many infectious diseases are associated with climate and therefore the possibility of using seasonal climate
forecasts as predictive indicators in disease early warning system (EWS) is an interest of focus. Geographic
Information system(GIS), remote sensing (RS) and Global Positioning system(GPS) are the three commonly
used veterinary geo-informatics technologies employed in this digital era for rapid communication of data for
better management of animal diseases.

Early warning systems are combinations of tools and process embedded within institutional structures
coordinated by national or international agencies. These systems are composed of four elements depending
upon they focus on specific hazard or many, namely, knowledge of risk, a technical monitoring and warning
services, dissemination of meaningful warnings to at-risk areas, and farmers awareness and preparedness to
act. Warning services lie at the core of these systems, and how well they operate depends on having a sound
scientific basis for predicting and forecasting. As early warning systems grow in geographical coverage and
sophistication, false alarms to in rise. High false alarms can undermine the public confidence, breed mistrust,
dilute the impact of alerts and reduce the credibility of future warnings.

Classification table

The classification table is another method to evaluate the predictive accuracy of the logistic regression model.
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In this table the observed values for the dependent outcome and the predicted values (at a user defined cut-
off value, for example p=0.50) are cross-classified and provides the accuracy index for assessment model

performance in prediction.

Table 1 : Accuracy of Prediction

SI. No. Diseases Accuracy (%)
1 Anthrax 95.52
2 Babesiosis 96.14
3 Black Quarter 92.43
4 Bluetongue 97.99
5 Enterotoxemia 95.98
6 Fasciolosis 97.06
7 Foot and mouth disease 86.72
8 Haemorrhagic septicaemia 90.58
9 Peste des petits ruminants 90.12
10 Sheep & Goat pox 95.52
11 Swine fever 95.37
12 Theileriosis 96.60
13 Trypanosomosis 96.45

Internal Accuracy was performed using 10 years of data. Accuracy obtained was > 90% except Foot and mouth
disease (86.72%).

The probability of disease outbreak was categorised in 6 risk levels- No risk (NR), Very low risk (VLR), Low
risk (LR), Moderate risk (MR), High risk (HR) and Very high risk (VHR) for enabling the stake holders to take
appropriate control measures by suitably allocating available resources.

s Table 2 : Probability distribution of risk interpretations.
30°N SI. No. Probability of risk Interpretation
25°N E?g'%{ QEERR“‘R 1 0 No risk/No or inadequate data
nehslur:; isk
20°N Vary Low Risk 2 0-0.20 Very low risk
No Risk / No Data

15°N 3 0.21-0.40 Low risk
10°N 4 0.41-0.60 Moderate risk

I0E TE B0E BYE 90E 95°E 5 0.61-0.80 High risk

Fig. 1 Risk prediction of Anthrax for 6 0.8-1.0 Very high risk

the month of June 2018
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NADRES Outlook:

The ICAR-NIVEDI website consists of details regarding NADRES database, Monthly prediction bulletin, Risk
maps, disease maps and Disease trend analysis.
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Livestock disease forecast-State wise
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Livestock disease forecast-District wise
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LDF -Mobile Application

To extend the reach of the NADRES forewarning bulletin among the various stakeholders, a Mobile Application
(app) “LDF-Mobile App” was developed. The forewarning methodology adapted in the “mobile app” remains

the same as monthly bulletin. In addition to forewarning, the LDF-Mobile App also provides the details of
clinical samples to be collected in case of outbreaks of the listed diseases for laboratory confirmation. Immediate
preventive measures to be taken up in case of positive prediction/disease confirmation. The LDF mobile app is
available at ICAR-NIVEDI website. It will also be made available on Google play store.

Fig. 2 Mobile screen Fie 3 LDF ]
containing LDF app '& app togo

Fig.4 LDF app home page
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Overview of Epidemiological Concepts
S.S. Patil & K.P. Suresh

ICAR-National Institute of Veterinary Epidemiology & Disease Informatics, Bengaluru, India

The present day veterinary profession is confronted with a different set of problems compared with the
earlier period due to globalization and liberalization of the trade and commerce. Now, veterinarians often
have to deal with regions that are either endemic or epidemic to many livestock diseases. In addition, it is
considered necessary to take into account the economic aspects of disease control through the use of benefit/
cost analyses of disease control campaigns. Veterinarians have to respond to the challenges posed by emerging
and remerging infectious diseases. In order to address such issues, it is necessary to identify and quantify the
disease determinants and establish if there is a direct or indirect causal relation to the disease condition.

Epidemiology is the study of the distribution and determinants of health-related states or events in specified
populations, and the application of this study to the control of health problems (CDC). Veterinary epidemiology
deals with study of animal disease distribution and identification of disease determinants for given population
in order to develop disease control strategies. The epidemiological study involves collection, analysis and
interpretation of data that will aid in identifying disease frequency and pattern for a population with defined
geography and time. Veterinary epidemiology is a holistic approach aimed at co-ordinating the use of different
scientific disciplines and techniques during an investigation of disease or impaired productivity or welfare. There
are four approaches to epidemiological investigations viz., Descriptive epidemiology, analytical epidemiology,
experimental epidemiology and theoretical epidemiology.

Infectivity
Pathogenicity
Virulence Data sources
Immunogenicity
Antigenic stability
Survival
AGENT Studies | | Surveillance | Slmulat.lon
\ Modeling
/ V\ Qualitative Quantitative
evaluation evaluation
HOST ENVIRONMENT
Species weather
age housing
Sex cograph g o~
Breed ggeflogyy Causal hypothesis Economic
conformation management testing evaluatio
genotype noise
nutritional status air quality
Fig. 1: Epidemiological Triad Fig. 2: Epidemiological concepts
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Table. 1: Comparison of measures of disease occurrence

Incidence density

Cumulative Incidence

Prevalence

beginning of follow-up
until disease

Numerator New cases occurring New cases occurring All cases counted on
during a period of time | during a period of time | single survey a group
initially free of diseases | among a group initially

free of disease

Denominator Sum of time periods All susceptible All individuals
during which individuals | individuals present of | examined, including
could have developed the period cases and non-cases
disease

Time For each individual from | Duration of period Single point or a

period

How measured

Prospective cohort study

Prospective cohort
study

Cross-sectional study

Interpretation | Rapidity with which new | Risk of developing Probability of having
cases develop over given | disease over period disease at a particular
time period point in time

References

1. Michael Thrusfield: Veterinary Epidemiology, Third Edition, Wiley

2. Dirk U Pfeiffer: Veterinary Epidemiology-An Introduction, University of London
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Epidemiological study designs with special reference to Cross-sectional study
Dr. Senthil Amudhan R
Department of Epidemiology, NIMHANS, Bengaluru, India

Study Design : Overview

Assignment of interventions/
Exposure by investigator

Yes No
Experimental Observational Study
Stadv

Present Absent

Comparison/
Control

group

Analytical Study Descriptive Study
Case Report
. . Case series
Directionality Surveillance

Directionality refers to the order in which the exposure and outcome are measured

Cross-sectional

Ecological Study

Cohort Study
Mostly Prospective,
Proceeds from
exposure to outcome,
Starts with exposed

Study
are measured

individual level

Exposure and outcome

simultaneously at the

Exposure and outcome
are measured
simultaneously at the
population level

Case-control Study
Mostly Retrospective,
Proceeds from
outcome to exposure,
Starts with Diseased
and non-diseased

and non-exposed

Fig. 1. Cross-sectional studies

Due to ease of implementation, cross-sectional studies are one of the most frequently chosen study designs in
veterinary epidemiology. In this study, the investigator measures both exposure and outcome variables on a
single occasion in a defined population (usually selected randomly) at a single point in time with no follow- up
period. Thus, the outcome frequency measure is inherently prevalence. This makes them fast and inexpensive.
They are well suited to estimate the prevalence (burden) and describing the characteristics or distribution
pattern of disease/risk factors either in the community or hospital setting. This can be a descriptive study

(without comparison group) or an analytical study (with comparison group). As the exposure and outcome
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variables are measured simultaneously, temporal sequence (exposure preceded the outcome) and incidence

cannot be assessed thus limiting it to provide information on disease causation and prognosis.

Exposed

Non exposed

Sample Determine  Calculate disease
selected from exposure risk in
population and disease each group
status

Fig. 2. Single data collection point

Descriptive cross-sectional studies are useful for planning or administering preventive or health care services,

surveillance programs, and surveys and polls.

The potential drawback to this study design is that often the search for potential causes is not very focused and

thus, a lot of data-mining for significant factors is used in the analysis stage.

The two major limitations of a cross-sectional study design: provides only a “snapshot in time” of the disease
occurrence with Prevalence as an outcome and the reverse-causation problem (This becomes problematic for

time-varying risk factors, as their effect cannot be correctly measured.)
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Table 1 : Attributes of Cross-sectional

Attribute Cross-Sectional

Assignment of intervention /
exposure

No

Directionality

Outcome and exposure measured

simultaneously
Study group Exposed or diseased
Comparison group Non-exposed or non-diseased
Temporal sequence Hard to establish

Multiple associations

Can study multiple exposures and
outcome

Time and money

Less expensive

Sample size

Large or small

Measures of effect and association

Prevalence
Prevalence odds ratio

Prevalence ratio

Best when

Onset of disease is prolonged

Evidence of causality

Only suggestive

Biases

Difficult to mange

Other issues

Cannot measure incidence of disease

(Adapted from: Kalaivani M, Amudhan S, Upadhyay AD, Kamal VK. Biostatistics. In: Hemanshu Prabhakar
(ed): Essentials of Neuroanesthesia. London Wall, Academic Press (an imprint of Elsevier) 2017.p. 975-995.)
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Research Methodology and Bio-statistics in Animal Science Research
K.P.Suresh, Ph.D (Biostatistics),
Principal Scientist, ICAR-National Institute of Veterinary Epidemiology & Disease Informatics

Introduction: The efficacy, safety and economics of investigational products should be demonstrated by research which
follow the guidance in ‘Good Research Practice(GRP): The role of statistics in biological research design and analysis
is acknowledged as essential in the ICH (Intentional Conference on Harmonization) guidelines. The proliferation of
statistical research in the area of animal science research coupled with the critical role of research in the treatment approval
process necessitate a succinct document on statistical issues related to research. This paper is intended to give direction to
researchers in the design, conduct, analysis, and evaluation of research of an investigational product(IP) in the context of
its overall development. The document will also assist scientific experts charged with preparing application summaries or
assessing evidence of efficacy, economics and safety, principally from research in later phases of development.

PROTOCOL

A protocol is a study plan on which all biological research is based. The plan is carefully designed to safeguard the health
of the participants as well as answer specific research questions. A protocol describes what types of people or animal may
participate in the research; the schedule of tests, procedures, treatments medications, and dosages; and the length of the
study. While in a biological research, participants following a protocol are seen regularly by the research staff to monitor
their health and to determine the safety, economics and effectiveness of their treatment.

1. Development Plan: The broad aim of the process of clinical development of a new investigational product (IP) is to
find out whether there is a dose range and schedule at which the IP can be shown to be simultaneously safe and effective,
to the extent that the risk-benefit relationship is acceptable. The particular subjects who may benefit from the IP, and the
specific indications for its use, also need to be defined in the protocol. Satisfying these broad aims usually requires an
ordered Programme of biological research, each with its own specific objectives. This should be specified in a research
plan, or a series of plans, with appropriate decision points and flexibility to allow modification as knowledge accumulates.
Interpretation and assessment of the evidence from the total programme of research involves synthesis of the evidence
from the individual research. This is facilitated by ensuring that common standards are adopted for a number of features of
the research such as dictionaries of terminologies, definition and timing of the main measurements, handling of protocol
deviations and so on. A statistical summary, overview or meta-analysis may be informative when research questions are
addressed in more than one research. Wherever possible this should be envisaged in the plan so that the relevant research
studies are clearly identified and any necessary common features of their designs are specified in advance. Other major
statistical issues (if any) that are expected to affect a number of research in a common plan should be addressed.

2. Confirmatory Research: A confirmatory research is an adequately controlled research in which the hypotheses are
stated in advance and evaluated. As a rule, confirmatory research are necessary to provide firm evidence of efficacy or
safety. In such research the key hypothesis of interest follows directly from the research's primary objective, is always
pre-defined, and is the hypothesis that is subsequently tested when the research is complete. In a confirmatory research
it is equally important to estimate with due precision the size of the effects attributable to the treatment of interest and to
relate these effects to their biological significance. Confirmatory research is intended to provide firm evidence in support
of claims and hence adherence to protocols and standard operating procedures is particularly important; unavoidable
changes should be explained and documented.

3. Exploratory Research: The rationale and design of confirmatory research nearly always rests on earlier research work
carried out in a series of exploratory studies. Like all clinical research, these exploratory studies should have clear and
precise objectives. However, in contrast to confirmatory research, their objectives may not always lead to simple tests
of pre-defined hypotheses. In addition, exploratory research may sometimes require a more flexible approach to design
so that changes can be made in response to accumulating results. Their analysis may entail data exploration; tests of
hypothesis may be carried out, but the choice of hypothesis may be data dependent. Such research cannot be the basis of
the formal proof of efficacy, although they may contribute to the total body of relevant evidence.
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SCOPE OF RESEARCH

1. Population: a collection of data whose properties are analyzed. The population is the complete collection to be studied;
it contains all subjects of interest.

2. Sample: a part of the population of interest, a sub-collection selected from a population, A large population may be
impractical and costly to study, collecting data from every member of the population. A sample is more manageable
and easier to study. After collecting and organizing the data, a summary is made such as average values. Hopefully valid
conclusions can be made on the whole population based on the sample data. Therefore, it is important that the sample
data collected be representative of the population. Otherwise conclusions may be invalid. Conclusions are only as reliable
as the sampling process, and information can change from sample to sample. Non-random sample will be threat to the
Internal validity of the study

3. Parameters: a numerical measurement that describes a characteristic of a population, while a statistics is a numerical
measurement that describes a characteristic of a sample. In general, we will use a statistic to infer something about a
parameter.

4. Primary and Secondary Variables: The primary variable (‘target’ variable, primary endpoint) should be the variable
capable of providing the most biologically relevant and convincing evidence directly related to the primary objective of the
research. There should generally be only one primary variable. This will usually be an efficacy variable because the primary
objective of most confirmatory research is to provide strong scientific evidence regarding efficacy. Safety /economics/
tolerability may sometimes be the primary variable and will always be an important consideration. Measurements relating
to quality of life and health economics are further potential primary variables. The selection of the primary variable should
reflect the accepted norms and standards in the relevant field of research. The use of a reliable and validated variable with
which experience has been gained either in earlier studies or in published literature is recommended. There should be
sufficient evidence that the primary variable can provide a valid and reliable measure of some biologically relevant and
important treatment benefit in the population described by the inclusion and exclusion criteria. The primary variable
should be used when estimating the sample size.

Secondary variables are either supportive measurements related to the primary objective or measurements of effects
related to the secondary objectives. Their pre- definition in the protocol is also important, as well as an explanation of their
relative importance and roles in interpretation of research results. The number of secondary variables should be limited
and should be related to the limited number of questions to be answered in the research.

5. Composite Variables: If a single primary variable cannot be selected from multiple measurements associated with the
primary objective, another useful strategy is to integrate or combine the multiple measurements into a single or ‘composite’
variable, using a pre- defined algorithm. This approach addresses the multiplicity problem without requiring adjustment
to the type I error. The method of combining the multiple measurements should be specified in the protocol, and an
interpretation of the resulting scale should be provided in terms of the size of a biologically relevant benefit.

6. Global Assessment Variables: In some cases, ‘global assessment’ variables are developed to measure the overall safety,
overall efficacy, and/or overall usefulness of a treatment product or Investigational product (IP). This type of variable
integrates objective variables and the investigator’s overall impression about the state or change in the state of the subject,
and is usually a scale of ordered categorical ratings.

7. Multiple Primary Variables: It may sometimes be desirable to use more than one primary variable, each of which (or
a subset of which) could be sufficient to cover the range of effects of the therapies. The planned manner of interpretation
of this type of evidence should be carefully spelled out. It should be clear whether an impact on any of the variables, some
minimum number of them, or all of them, would be considered necessary to achieve the research objectives. The primary
hypothesis or hypotheses and parameters of interest (e.g. mean, percentage, and distribution) should be clearly stated
with respect to the primary variables identified, and the approach to statistical inference described. The effect on the
type I error should be explained because of the potential for multiplicity problems, the method of controlling type I error
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should be given in the protocol. The extent of inter correlation among the proposed primary variables may be considered
in evaluating the impact on type I error. If the purpose of the research is to demonstrate effects on all of the designated
primary variables, then there is no need for adjustment of the type I error, but the impact on type II error and sample size
should be carefully considered.

8. Surrogate variables: When direct assessment of the relevant benefit to the subject through observing actual efficacy is
not practical, indirect criteria (surrogate variables) may be considered. Commonly accepted surrogate variables are used
in a number of indications where they are believed to be reliable predictors of treatment benefit.

9. Categorized Variables: Dichotomization or other categorization of continuous or ordinal variables may sometimes
be desirable. Criteria of ‘success’ and ‘response’ are common examples of dichotomies which require precise specification
in terms of, for example, a minimum percentage improvement (relative to baseline) in a continuous variable, or a ranking
categorized as at or above some threshold level (e.g., ‘good’) on an ordinal rating scale. The reduction of diastolic blood
pressure below 90mmHg is a common dichotomization. Categorizations are most useful when they have clear clinical
relevance. The criteria for categorization should be pre-defined and specified in the protocol, as knowledge of research
results could easily bias the choice of such criteria. Because categorization normally implies a loss of information, a
consequence will be a loss of power in the analysis; this should be accounted for in the sample size calculation.

DESIGN TECHNIQUES TO AVOID BIAS

The most important design techniques for avoiding bias in research studies are blinding and randomization and these
should be normal features of most controlled research studies intended to be included in a marketing application.
Most such research studies follow a blinded approach in which treatments are pre-packed in accordance with a suitable
randomization schedule, and supplied to the research centre(s) labeled only with the subject number and the treatment
period so that no one involved in the conduct of the research is aware of the specific treatment allocated to any particular
subject, not even as a code letter.

Bias can also be reduced at the design stage by specifying procedures in the protocol aimed at minimizing any anticipated
irregularities in research conduct that might impair a satisfactory analysis, including various types of protocol violations,
withdrawals and missing values. The protocol should consider ways both to reduce the frequency of such problems, and
also to handle the problems that do occur in the analysis of data.

1. Blinding: Blinding or masking is intended to limit the occurrence of conscious and unconscious bias in the conduct
and interpretation of a biological research results arising from the influence which the knowledge of treatment may have
on the recruitment and allocation of subjects, their subsequent care, the attitudes of subjects /animal care takers to the
treatments, the assessment of end-points, the handling of withdrawals, the exclusion of data from analysis, and so on. The
essential aim is to prevent identification of the treatments until all such opportunities for bias have passed.

2. Randomization: Randomization introduces a deliberate element of chance into the assignment of treatments
to subjects in a research. During subsequent analysis of the research data, it provides a sound statistical basis for the
quantitative evaluation of the evidence relating to treatment effects. It also tends to produce treatment groups in which the
distributions of prognostic factors, known and unknown, are similar. In combination with blinding, randomization helps
to avoid possible bias in the selection and allocation of subjects arising from the predictability of treatment assignments.

DESIGN CONFIGURATIONS

1. Parallel Group Design: The most common research design for confirmatory research is the parallel group design in
which subjects are randomized to one of two or more arms, each arm being allocated a different treatment. These treatments
will include the investigational product at one or more doses, and one or more control treatments, such as placebo and/
or an active comparator. The assumptions underlying this design are less complex than for most other designs. However,
as with other designs, there may be additional features of the research that complicate the analysis and interpretation (e.g.
covariates, repeated measurements over time, and interactions between design factors, protocol violations, dropouts and
withdrawals).
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2. Crossover Design: In the crossover design, each subject is randomized to a sequence of two or more treatments,
and hence acts as his own control for treatment comparisons. This simple manoeuvre is attractive primarily because
it reduces the number of subjects and usually the number of assessments needed to achieve a specific power. In
the simplest 2x2 crossover design each subject receives each of two treatments in randomized order in two successive
treatment periods, often separated by a washout period.

3. Factorial Designs: In a factorial design two or more treatments are evaluated simultaneously through the use
of varying combinations of the treatments. The simplest example is the 2x2 factorial design in which subjects are
randomly allocated to one of the four possible combinations of two treatments, A and B say. These are: A alone; B alone;
both A and B; neither A nor B. In many cases this design is used for the specific purpose of examining the interaction
of A and B.

4. Multicentre Research: a research may be designed as a multicentre (and multi-investigator) research primarily
to provide a better basis for the subsequent generalization of its findings. This arises from the possibility of recruiting
the subjects from a wider population and of administering the treatment in a broader range of research settings.

TYPES OF COMPARISON

1. Research to Show Superiority: Scientifically, efficacy is most convincingly established by demonstrating superiority
to placebo in a placebo-controlled research, by showing superiority to an active control treatment or by demonstrating
a dose-response relationship. This type of research isreferred to as a ‘superiority’ research.

2. Research to Show Equivalence or Non-inferiority: In some cases, an investigational product is compared to
a reference treatment without the objective of showing superiority. This type of research is divided into two
major categories according to its objective; one is an ‘equivalence’ research and the other is a ‘non-inferiority’ research.
Concluding equivalence or non-inferiority based on observing a non-significant test result of the null hypothesis that
there is no difference between the investigational product and the active comparator is inappropriate.

SAMPLE SIZE ESTIMATION

The number of subjects in a research should always be large enough to provide a reliable answer to the questions
addressed. This number is usually determined by the primary objective of the research. If the sample size is determined
on some other basis, then this should be made clear and justified. Using the usual method for determining the appropriate
sample size, the following items should be specified: a primary variable, the test statistic, the null hypothesis, the
alternative (‘working’) hypothesis or difference of treatment, the probability of erroneously rejecting the null hypothesis
(the type I error), and the probability of erroneously failing to reject the null hypothesis (the type II error), as well as
the approach to dealing with treatment withdrawals and protocol violations.

STATISTICAL ANALYSIS PLAN (SAP)

A statistical analysis plan is a document that contains a more technical and detailed elaboration of the principal features
of the analysis described in the protocol, and includes detailed procedures for executing the statistical analysis of the
primary and secondary variables and other data.

Analysis sets: The set of subjects whose data are to be included in the main analyses should be defined in the statistical
section of the protocol.

1. Intention-To-Treat Principle or Full analysis set

The principle that asserts that the effect of a treatment policy can be best assessed by evaluating on the basis of the intention
to treat a subject (i.e. the planned treatment regimen) rather than the actual treatment given. It has the consequence that
subjects allocated to a treatment group should be followed up, assessed and analyzed as members of that group
irrespective of their compliance to the planned course of treatment.
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2. Per Protocol Set (Valid Cases, Efficacy Sample, Evaluable Subjects Sample)

The set of data generated by the subset of subjects who complied with the protocol sufficiently to ensure that
these data would be likely to exhibit the effects of treatment, according to the underlying scientific model.
Compliance covers such considerations as exposure to treatment, availability of measurements and absence of major
protocol violations.

The full analysis set and the per protocol set play different roles in superiority research (which seek to show the
investigational product to be superior), and in equivalence or non-inferiority research studies (which seek to show
the investigational product to be comparable). In superiority research the full analysis set is used in the primary
analysis (apart from exceptional circumstances) because it tends to avoid over-optimistic estimates of efficacy
resulting from a per protocol analysis, since the non-compliers included in the full analysis set will generally diminish
the estimated treatment effect. However, in an equivalence or non-inferiority research studies use of the full analysis
set is generally not conservative and its role should be considered very carefully.

3. Missing Values and Outliers: Missing values represent a potential source of bias in a research. Hence, every effort
should be undertaken to fulfill all the requirements of the protocol concerning the collection and management of data.

4. Data Transformation: The decision to transform key variables prior to analysis is best made during the design
of the research on the basis of similar data from earlier research. Transformations (e.g. square root, logarithm,
Box Cox Power, Angular ) should be specified in the protocol and a rationale provided, especially for the primary
variable(s).

5. Estimation, Confidence Intervals and Hypothesis Testing.

The statistical section of the protocol should specify the hypotheses that are to be tested and/or the treatment
effects which are to be estimated in order to satisfy the primary objectives of the research. The statistical methods to
be used to accomplish these tasks should be desaibed for the primary (and preferably the secondary) variables, and the
underlying statistical model should be made clear. Estimates of treatment effects should be accompanied by confidence
intervals, whenever possible, and the way in which these will be calculated should be identified. A description should
be given of any intentions to use baseline data to improve precision or to adjustestimates for potential baseline
differences, for example by means of analysis of covariance.

6. Subgroups, Interactions and Covariates: The primary variable(s) is often systematically related to other influences
apart from treatment. For example, there may be relationships to covariates such as age and sex, or there may be
differences between specific subgroups of subjects such as those treated at the different centers of a multicentre
research. In some instances an adjustment for the influence of covariates or for subgroup effects is an integral part of
the planned analysis and hence should be set out in the protocol.

7. Integrity of Data and Computer Software Validity: The credibility of the numerical results of the analysis depends
on the quality and validity of the methods and software (both internally and externally written) used both for data
management (data entry, storage, verification, correction and retrieval) and also for processing the data statistically.
Data management activities should therefore be based on thorough and effective standard operating procedures.
The computer software used for data management and statistical analysis should be reliable, and documentation
of appropriate software testing procedures should be available.

REPORTING

Descriptive statistics form an indispensable part of reports. Suitable tables and/or graphical presentations should
illustrate clearly the important features of the primary and secondary variables and of key prognostic and baseline
variables. The results of the main analyses relating to the objectives of the research should be the subject of particularly
careful descriptive presentation. When reporting the results of significance tests, precise p-values (e.g’p=0.044")
should be reported rather than making exclusive reference to critical values.
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BIOSTATISTICAL METHODS FOR HYPOTHESIS TESTING
Introduction

With inferential statistics, you are trying to reach conclusions that extend beyond the immediate data alone. For
instance, we use inferential statistics to try to infer from the sample data what the population might think. Or, we use
inferential statistics to make judgments of the probability that an observed difference between groups is a dependable one
or one that might have happened by chance in this study. Thus, we use inferential statistics to make inferences from our
data to more general conditions; we use descriptive statistics simply to describe what’s going on in our data.

Here, we concentrate on inferential statistics that are useful in experimental and quasi-experimental research design or in
program outcome evaluation. Perhaps one of the simplest inferential test is used when you want to compare the average
performance of two groups on a single measure to see if there is a difference. You might want to know whether eighth-
grade boys and girls differ in math test scores or whether a program group differs on the outcome measure from a control
group. Whenever you wish to compare the average performance between two groups you should consider the t-test for
differences between groups.

STATISTICAL INFERENCE

A statistical hypothesis is an assumption about a population parameter. This assumption may or may not be true. The
best way to determine whether a statistical hypothesis is true would be to examine the entire population. Since that is
often impractical, researchers typically examine a random sample from the population. If sample data are not consistent
with the statistical hypothesis, the hypothesis is rejected.

There are two types of statistical hypotheses.

+  Null hypothesis. The null hypothesis, denoted by H , is usually the hypothesis that sample observations result
purely from chance.

« Alternative hypothesis. The alternative hypothesis, denoted by H, or H,, is the hypothesis that sample
observations are influenced by some non-random cause.

For example, suppose we wanted to determine whether a coin was fair and balanced. A null hypothesis might be that half
the flips would result in Heads and half, in Tails. The alternative hypothesis might be that the number of Heads and Tails
would be very different. Symbolically, these hypotheses would be expressed as

H:P=0.5
H:P#0.5

Suppose we flipped the coin 50 times, resulting in 40 Heads and 10 Tails. Given this result, we would be inclined to reject
the null hypothesis. We would conclude, based on the evidence, that the coin was probably not fair and balanced.

Hypothesis tests:

Statisticians follow a formal process to determine whether to reject a null hypothesis, based on sample data. This process,
called hypothesis testing, consists of four steps.

«  State the hypotheses. This involves stating the null and alternative hypotheses. The hypotheses are stated in such
a way that they are mutually exclusive. That is, if one is true, the other must be false.

o  Formulate an analysis plan. The analysis plan describes how to use sample data to evaluate the null hypothesis.
The evaluation often focuses around a single test statistic.

o Analyze sample data. Find the value of the test statistic (mean score, proportion, t-score, z-score, etc.) described
in the analysis plan.

o Interpret results. Apply the decision rule described in the analysis plan. If the value of the test statistic is unlikely,
based on the null hypothesis, reject the null hypothesis.
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Decision Errors:
Two types of errors can result from a hypothesis test.

o Typelerror. A Typel error occurs when the researcher rejects a null hypothesis when it is true. The probability
of committing a Type I error is called the significance level. This probability is also called alpha, and is often
denoted by a.

« Type II error. A Type II error occurs when the researcher fails to reject a null hypothesis that is false. The
probability of committing a Type II error is called Beta, and is often denoted by p. The probability of not
committing a Type II error is called the Power of the test.

The analysis plan includes decision rules for rejecting the null hypothesis. In practice, statisticians describe these decision
rules in two ways - with reference to a P-value or with reference to a region of acceptance.

o P-value. The strength of evidence in support of a null hypothesis is measured by the P-value. Suppose the test
statistic is equal to S. The P-value is the probability of observing a test statistic as extreme as S, assuming the null
hypotheis is true. If the P-value is less than the significance level, we reject the null hypothesis.

o Region of acceptance. The region of acceptance is a range of values. If the test statistic falls within the region of
acceptance, the null hypothesis is not rejected. The region of acceptance is defined so that the chance of making
a Type I error is equal to the significance level.

o The set of values outside the region of acceptance is called the region of rejection. If the test statistic falls within
the region of rejection, the null hypothesis is rejected. In such cases, we say that the hypothesis has been rejected
at the o level of significance.

One tailed and two-tailed tests

A test of a statistical hypothesis, where the region of rejection is on only one side of the sampling distribution, is called a
one-tailed test. For example, suppose the null hypothesis states that the mean is less than or equal to 10. The alternative
hypothesis would be that the mean is greater than 10. The region of rejection would consist of a range of numbers located
located on the right side of sampling distribution; that is, a set of numbers greater than 10.

A test of a statistical hypothesis, where the region of rejection is on both sides of the sampling distribution, is called a two-
tailed test. For example, suppose the null hypothesis states that the mean is equal to 10. The alternative hypothesis would
be that the mean is less than 10 or greater than 10. The region of rejection would consist of a range of numbers located
located on both sides of sampling distribution; that is, the region of rejection would consist partly of numbers that were
less than 10 and partly of numbers that were greater than 10.

Power of a Hypothesis Test: The probability of not committing a Type II error is called the power of a hypothesis test.

EFFECT SIZE

To compute the power of the test, one offers an alternative view about the “true” value of the population parameter,
assuming that the null hypothesis is false. The effect size is the difference between the true value and the value specified
in the null hypothesis.

Effect size = True value - Hypothesized value

For example, suppose the null hypothesis states that a population mean is equal to 100. A researcher might ask: What is
the probability of rejecting the null hypothesis if the true population mean is equal to 90? In this example, the effect size
would be 90 - 100, which equals -10.

Degrees of freedom: Elementary tests usually depend on the data sample size as well as the number of parameters, (e.g.
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mean or variance) that have to be estimated from the sample, to run the test. Specifically, the number of degrees of freedom
of a statistics is defined as the number of independent observations minus the number of population parameters which
must be estimated from sample observations. Details will be provided for each test.

p-values: Once hypotheses HO and H1 have been defined, that a test has been chosen to address these hypotheses
(see below), and that parameters for this test have been calculated, one must choose a level of significance. p<0.05 is the
arbitrary value that is generally accepted to be significant. It means that there must be less than a 5% possibility of falsely
detecting a significant difference. We will now describe how the p value relates to the different types of errors associated
with elementary tests.

Type I and type II errors: If we reject a hypothesis HO when it should be accepted, we say that a type I error has been
made. If we accept a hypothesis HO when it should be rejected we say that a type II error has been made. In either
case a wrong decision or judgment has occurred. This is not a simple matter because decreasing one error type usually
leads to increasing the other error type. One way of getting around this problem is just to set your significance level at .05

(and not at .01 or .001). In this way you are balancing between type I and type II errors in your decision making process.

One way to decrease both error types is to increase the size of the sample.

Table 1 : Statistical Methods

Goal

Dataset
Continuous Continuous
. . . measurement measurement, Rank, or
Binomial or Discrete
(from a normal Score (from non- normal
distribution) distribution)

Example of data sample

List of patients recovering
or not after a treatment

Readings of heart pressure
from several patients

Ranking of several
treatment efficiency by one
expert

Describe one data sample

Proportions or frequencies

Mean, SD

Mean (SD) or Median,
IQR(Inter Quartile range)

Compare one data

Sign test or Wilcoxon

sample or frequencies

. Xz . . .
(s;:;rtll!)lll:: utg :nhypothetlcal or binomial test One-sample t test el
Compare two paired Sign test Paired t test S.1gn test or Wilcoxon
samples signed test
Compare two unpaired %’ test for large samples or
samples Fisher Exact test for small | Uppaired t test Mann-Whitney test

Compare three or more
unmatched samples

X’ test for large samples or
Fisher Exact test for small
samples

One-way ANOVA

Kruskal-Wallis test

Compare three or more
matched samples

Cochrane Q test

Repeated-measures
ANOVA

Friedman test

Quantify association
between two paired
samples

Contingency coefficients

Pearson correlation

Spearman correlation
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