
 1 

Indian Agricultural Statistics Research Institute 

Library Avenue, Pusa, New Delhi- 110012 

 

Introduction 

Biological assays (bioassays) are a set of techniques 

relevant to the comparisons between the strength of 

alternative but similar biological stimuli (a pesticide, a 

fungicide, a drug, a vitamin, plant extract, etc.) based 

on the response produced by them on the subjects (e.g., 

an animal, a piece of animal tissue, a plant, a bacterial 

culture, subhuman primates or humans, living tissues, 

plants or isolated organisms, insects, etc).  Typically, a 

bioassay involves (i) stimulus, (ii) subject, and (iii) 

response, the change produced on the subject due to 

application of stimulus (such as an analytical value like 

blood sugar content or bone ash percentage, occurrence 

or non-occurrence of a certain muscular contraction, 

recovery from symptoms of a dietary deficiency, or 

death, etc). 
 

Normally, two preparations of the stimulus-one of 

known strength (standard preparation) and another of 

unknown strength (test preparation), both with 

quantitative doses, are applied to a set of living 

organisms. The general objective of the bioassays is to 

draw statistically valid conclusions on the relative 

potency of the test preparation with respect to standard 

one. If ds and dt denote the doses of the standard and 

the test preparations respectively such that each of 

them produces a pre-assigned response in some living 

organism, then the ratio ts dd /  is called the 

relative potency of the test preparation.   
 

Types of Bioassays 

Generally, the test preparation behaves (in terms of the 

response/tolerance distribution) as if it is a dilution or 

concentration of the standard preparation. These 

assays are termed as dilution assays or analytical 

dilution assays. Analytical dilution assays can be 

classified into following two categories:  

(i) Direct assays are those assays where dose needed to 

produce a pre-assigned/ specified response is directly 

measurable for both the preparations.  In this case the 

response is certain while the dose is a non-negative 

random variable that defines the tolerance distribution. 

These assays are practical only when it is possible to 

administer the dose in such a manner that the minimal 

amount of dose to produce a specified response can be 

measured directly.   

 

(ii)Indirect assays are those assays where the response 

is not directly measurable and, therefore, indirect 

methods are used to estimate the dose corresponding to 

a given response via a dose-response relationship. In 

these assays the dose is administered at prefixed 

(usually non-stochastic) levels, and at each level the 

response is observed for the subjects included in the 

study. Thus, the dose is non-stochastic while the 

response is stochastic in nature. The stochastic 

response provides information about the tolerance 

distribution for the particular preparation. If the 

response is quantitative variable (magnitude of some 

property like survival time, weight, etc.) then we have 

indirect quantitative assay. On the other hand if the 

response is quantal (all or nothing) we have a quantal 

assay. In quantal assays for any one subject there will 

be a certain level of intensity below which the response 

does not occur and above which the response occurs. 

The exact measurement of this level of intensity is 

generally not possible. Recourse is, therefore, made to 

estimate median effective dose (ED 50) i.e., a dose that 

would produce response on half of the population. It is 

a restricted concept of median lethal dose (LD 50). ED 

50 or LD 50 can easily be calculated using probit 

analysis. Both these assays are commonly adopted in 

statistical practice. Within this framework, the nature 

of the dose-response regression may call for suitable 

transformations on the dose variable (called the dosage 

or dose-metameter) and/or the response variable (called 

the response-metameter). The basic objective of such 

transformations is to achieve a linear dose-response 

regression that may induce simplifications in statistical 

modeling and analysis. If z represents the dose in the 

original scale, then the two transformations that have 

been found useful in bioassays are (i) zex log  and 

(ii) 
zx  , where 0  is a known constant. The 

first of these gives rise to parallel line assays and the 

second to slope ratio assays. These assays generally 

fall into the category of quantitative indirect assays. 

Transformation of response variable is generally not 

needed in such kind of bioassays. 
 

In parallel line assays, the two dose-response 

regression lines (one each for standard and test 

preparations) are taken as parallel and the errors 

associated with the two regression lines are assumed to 
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have the same distribution (generally assumed to be 

normal). It is, therefore, mandatory to test for 

parallelism of the two regression lines before 

proceeding further. We call a parallel line assay as 

symmetric if the number of doses are same for both 

standard and test preparations; otherwise we call the 

assay as asymmetric. In parallel line assays there are 

three major contrasts of importance viz., preparation 

contrast, combined regression contrast and parallelism 

contrast. Assumption of parallelism leads to common 

slope for the lines fitted both for standard and test 

preparations and, therefore, combined regression is one 

of the major contrasts of interest. The preparation 

contrast relates to comparison of intercepts of two lines 

while parallelism contrast relates to comparison of 

slopes and is used to test the validity of the assumption 

of parallelism. Preparation and combined regression 

contrasts are relevant for computation of relative 

potency. The analysis of the parallel line assays for 

conducting validity test for parallelism and estimation 

of relative potency gets very much simplified when the 

doses of each of the preparations are taken in geometric 

progression. 
 

In slope ratio assays it is assumed that the two 

regression lines intersect at the same point on the 

response axis, i.e., the lines have the same intercept. 

Since the dose takes value zero at response axis, it is 

logical to include a blank dose in the assay for validity 

test. Thus if there are m doses for each of the two 

preparations in a slope ratio assay, the total number of 

doses is 2m+1.  If against each of these doses an equal 

number of subjects, say, n is allotted, the assay is 2m+1 

symmetric slope ratio assay; otherwise it is asymmetric 

slope ratio assay. In case of asymmetric slope ratio 

assays there will be 121 mm  doses. There are two 

major contrasts of interest in slope ratio assays viz., 

blank contrast and intersection contrast. 
 

Block Designs and Bioassays 

The contrasts to be estimated in bioassays are different 

from those in usual experiments where the interest is 

mainly in making all possible pairwise treatment 

comparisons or test treatment control treatment 

comparisons. In these experimental situations, the 

interest is only in limited number of treatment contrasts 

viz., preparation, combined regression and parallelism 

contrasts (parallel line assays) and blank and 

intersection contrasts (slope ratio assays). It is 

generally desired that the contrasts of interest be 

estimated free from block effects. If the number of 

homogeneous experimental units are same as the 

number of doses then the experiment is conducted in 

randomized block design.  However, when the number 

of experimental units within homogeneous set are less 

than that of total number of doses then recourse is 

made to use of incomplete block designs. Thus, for the 

conduct of bioassays one should choose a block design 

that estimates contrasts of interest free from block 

effects.  At IASRI also rigorous efforts were made to 

obtain incomplete block designs for bioassays that 

allow the estimation of the contrasts of interest free 

from block effects. Most of the designs obtained in 

these investigations are simple partially efficiency 

balanced block designs in which there is no loss of 

information on contrasts of interest, i.e., some contrasts 

are estimated free from block effects.  
 

Optimal Block Designs for Biological Assays 
A design that is capable of estimating the contrasts of 

interest free from block effects need not necessarily be 

the most efficient design. The most efficient design is 

the one that estimates the contrasts of interest free from 

block effects and with minimum average variance in 

the class of block designs having number of treatments 

21 mmv  , the number of blocks b with block size k. 

In the recent past there has been considerable activity 

to study the optimality aspects of block designs for 

bioassays. Block designs for symmetric parallel line 

assays that estimate all the three major contrasts of 

interest free from block effects require that the block 

size should be a multiple of four or are optimal for only 

two contrasts namely, preparation and combined 

regression, in the context of both symmetric and 

asymmetric assays.   
 

Motivation and Objectives of the Project  

Information on efficient block designs for biological 

assays, at present, is scattered mostly in the form of 

research papers, dissertations, etc.  There is, therefore, 

a need to consolidate the information at one place in 

the form of a catalogue for the benefit of experimenters 

and practicing statisticians. Simultaneously, it is also 

possible to obtain designs for parallel line assays that 

are optimal/efficient for all the three contrasts of 

interest with more efficiency as compared to the 

designs available in the literature. For slope ratio 

assays optimal/efficient block designs have been 

obtained for symmetric slope ratio assays. There is a 

need to obtain optimal/efficient block designs for 

asymmetric slope ratio assays as well.  
 

In view of the importance of efficient designs, a project 

entitled Studies on block designs for biological 

assays financed by AP-CESS fund of ICAR was 

undertaken with the following objectives: 

i) To investigate the optimality of block designs for 

parallel line assays to estimate the three major 

contrasts namely, preparation, combined 

regression and parallelism contrasts with special 

reference to asymmetric parallel line assays. 
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ii) To obtain general method of construction of non-

equireplicate block designs for slope ratio assays 

and to investigate the optimality of these designs. 

iii) To prepare a catalogue of optimal/efficient 

designs.  

 

Aims and Objective of the Workshop  
Dissemination of the research findings to the 

stakeholders is the most important component of any 

research endeavour. To achieve this objective a 

workshop was organized with the following objectives:  

• To familiarize the participants with the importance of 

designing and analytical aspects of biological 

assays. 

• To disseminate the findings of the research project to 

the stake holders. 

• To identify the practical problems in the adoption of 

designs for biological assays and to identify the 

future research gaps. 

 

Programme of the Workshop 

The participants of the Workshop included many 

eminent research workers actually engaged in using 

bioassays in their research endeavors and the 

statisticians from various reputed institutions. Prof. M. 

N. Das, who initiated the work on bioassays in India 

was the Chief Guest. He explained the basic problems 

in the context of bioassays in his inaugural address. Dr 

J.P.Mishra, Assistant Director General, reemphasized 

the need of bioassays in agricultural research 

particularly in drug/vaccine formulation and mentioned 

that the chances of getting patents get enhanced if the 

experimental findings are corroborated by sound 

statistical principles of design and analysis of 

bioassays. He also pointed out that the studies on 

biological assays have gained more importance due to 

the enhanced emphasis on the use of medicinal plants. 

This was followed by a lecture on Probit Analysis by 

Professor Aloke Dey.  It was observed that besides the 

computation of median effective dose in biological 

experiments, the probit analysis can also be very useful 

in market research. 

 

The next session was focused on Design and Analysis 

of Bioassays. This session was chaired by Professor 

Bikas Kumar Sinha. In this session Dr. Rajender Parsad 

made a comprehensive presentation on Historical 

perspectives, Terminology and Analytical Techniques 

for Bioassays. The analytical techniques were 

demonstrated with the help of data.  

 

Dr Ravindra Srivastava presented the need of Designs 

for Bioassays and presented an overview of methods of 

construction of efficient block designs for bioassays 

available in the literature followed by the efficient 

designs obtained in the present investigation.  

 

In brief, following salient findings of the project are 

presented: 

 A-optimal/efficient block designs for symmetric 

parallel line assays taking into consideration all the 

three contrasts of interest have been obtained. A 

catalogue of 41 A-efficient block designs with 

50,104,63  bkkm  is prepared.  

 A method to obtain A-optimal block designs for 

parallel line assays that allow the estimation of 

three contrasts of major importance but do not 

necessarily allow the estimation of other treatment 

contrasts has been developed. The designs are 

essentially disconnected. A catalogue of 28 such 

designs with ,63  m  50,4  bkk  is also 

prepared. 

 In many practical situations in bioassys, the 

experimenter may be interested in comparing 

several test preparations with a single standard 

preparation. In view of the practical utility of 

multile assays, A-optimal/efficient block designs 

for symmetric multiple parallel line assays for 

estimation of all the three contrasts of interest have 

been obtained. Here, the interest is to compare one 

standard preparation with several test preparations. 

A catalogue of 91 A-efficient block designs is 

provided for comparing three test preparations 

with one standard preparation with 83  m , 

168  k , mk 4 , 100bk . 

 Optimality of block designs for multiple parallel 

line assays that allow estimation of three contrasts 

of major importance but do not necessarily allow 

the estimability of other treatment contrasts has 

also been studied and a method to obtain such 

designs has also been developed. A catalogue of 

35 A-optimal block designs for 83  m , 

168  k , mk 4 , 100bk  has been prepared 

for one standard and three test preparations. 

 A optimal block designs for asymmetric slope 

ratio assays have been obtained.  A catalogue of 61 

A-efficient block designs for asymmetric slope 

ratio assays has been prepared. Wherever, A-

optimal design is not obtainable a lower bound to 

A- efficiency is provided. 

 Besides cataloguing optimal/efficient block 

designs obtained in the present study, a catalogue 

of the designs obtainable from the methods of 

construction available in literature is also 

prepared. A-optimality aspects of these designs 

for parallel line assays have been investigated. 

None of the designs in the parametric range 

50,104,63  bkkm have been found  to 
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be A-optimal for inferring on the contrasts of 

interest. Indeed it is possible that some designs 

with parameter combinations beyond these 

parameter combinations may turn out to be A-

optimal. 
 

This session was followed by a presentation on some 

future areas of research by Dr. Rajender Parsad. These 

future problems were then taken up as part of 

recommendations of the workshop. 
 

There was a session on practical problems in the 

afternoon Chaired by Dr. Madhuban Gopal, National 

Fellow, IARI, New Delhi.  Several real life problems 

that needed the attention of statisticians were discussed 

during this session. Dr S. Dhingra, Principal Scientist, 

IARI, New Delhi pointed out the designs for bioassays 

obtained in the recent investigation can effectively be 

used in testing the efficacy of several formulations 

prepared by different companies.  Dr Sitangshu Sarkar 

from Central Research Institute for Jute and Allied 

Fibres, Barracpore described an interesting application 

of Design and analysis of bioassays in the experiments 

conducted to study the residual toxicity of the soil 

applied herbicides. Dr. Radha Prasanna from IARI, 

New Delhi highlighted the usefulness of bio-assays in 

microbial experiments and raised the issue of non-

linear behaviour of the response rather than the linear 

relationship as is traditionally considered. 

 

The workshop ended with a plenary session chaired by 

Dr V.K.Sharma, Head (Design of Experiments), 

IASRI, New Delhi. Following recommendations 

emerged from the workshop. 
 

Recommendations of the Workshop: 

(a)Specific 

 A-efficient designs obtained for most situations are 

unequally replicated; therefore, concerted efforts 

may be made for promotion of these designs to the 

actual experimental situations.  

 A-optimality deals with minimization of average 

variance of the contrasts of interest and does not 

take into account the covariance, if any between the 

contrasts estimates.  It is, therefore, desired that the 

D-optimality aspects of block designs with parallel 

line assays may be taken up as D-optimality 

criterion minimizes the generalized variance of the 

contrasts of the interest i.e. the determinant of 

variance covariance matrix of the estimated 

treatment contrasts.  

 Designs with smaller number of units may be 

obtained and/or  A-efficiency per observation of the 

design constructed may be investigated.   

 In multiple parallel line assays with one standard and 

several tests, the designs with even number of test 

preparations and when the doses of the test 

preparations for each of the standards are different 

needs to be developed. The problem of slope ratio 

assays may also occur with multiple test 

preparations. Hence, it is required that optimal block 

designs for multiple slope ratio assays be developed. 

 In multiple parallel line assays with one standard and 

several tests it is indeed possible that several tests 

have different importance and hence the 

comparisons of the tests with the standard may be 

made with different precision.  Therefore, the 

weighted A-optimal/efficient block designs for such 

situations needs to be obtained. 

 In multiple parallel line assays with several tests and 

several standards, all standards may not be equally 

important. The comparisons of tests with the 

standards, therefore, need to be made with different 

precision. In this case once again weighted A-

optimal designs need to be obtained.   

 In both the situations, robustness of A-

optimal/efficient designs against different weights of 

importance need to be studied. 

 Computer aided search of A-optimal/efficient 

designs and software package to generate such 

designs and also carrying out the analysis need to be 

developed. 
 

(b) General 

 A separate course on bio-assays may be prepared for 

the students of P.G. School of IARI and statisticians 

along with the actual experimenters and statisticians 

should teach this course jointly.   A term paper 

should be given to the students in which they may be 

asked to visit the experimental site, understand the 

process of experimentation and collection and 

analysis of data. 

 Ad-hoc training programmes be arranged with 

emphasis on designing and analysis of bioassays.  

 Efforts should be made to have more collaboration 

between statisticians and the experimenter in the 

National Agricultural Research System. 

   Ravindra Srivastava 

 Rajender Parsad 

V.K.Gupta 
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