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1 Introduction
Welcome to the Getting Started Guide of the Dichotomous Assay Package.

This guide gives a general overview of this add-on and describes the basic concepts as well as 
standard use cases. It is intended for users who have a working knowledge of PLA 3.0, but no 
previous experience with the Dichotomous Assay Package.

Tip:  Please consult our Help Center  for details on how to start working with PLA 3.0.

1.1 Literature

▪ Council of Europe. European pharmacopoeia 6.0. Chapter 5.3: Statistical analysis of results of 
biological assays and tests. Strasbourg: 2008.

▪ Finney, David J. 1978. Statistical method in biological assay, 3rd edition. London: Charles 
Griffin and Company Ltd.

▪ United States Pharmacopeial Convention. United States Pharmacopeia. Rockville (MD): 2012.

▪ Design and analysis of biological assays. USP 35 <111>: 106-117.

▪ Design and development of biological assays. USP 35 (1st supplement) <1032>: 
5160-5174.

▪ Biological assay validation. USP 35 (1st supplement) <1033>: 5174-5185.

▪ Analysis of biological assays. USP 35 (1st supplement) <1034>: 5186-5195.

▪ Appendix: Glossary. USP 35 (1st supplement): 5195-5200.
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2 About the Dichotomous Assay Package
Dichotomous assays (quantal response assays or binary assays) are biological dilution assays 
based on a binary outcome. They analyze data you collect in binary form: Of a total number of 
specimen (n), a measurable number of specimen (m) shows a specified response while the rest 
does not show this response. You provide both n and m for analysis.

You can use dichotomous assays to calculate relative potencies of Test samples based on binary 
input values, such as the fraction of specimen that exhibits one of two possible responses. You 
can also determine absolute potencies based on several types of calculations if you provide 
information on the stock solutions or raw materials.

Dichotomous assays require at least one Standard sample (reference) and one Test or Control 
sample to calculate potency. They usually involve a range of assay elements with data measured 
at different dilutions (or concentrations) of the active ingredient. You can use the logit or probit 
method to calculate relative potencies.

Note:  Dichotomous assays differ from Quantitative response assays in that the dichotomous 
response is measured as all or none (responded versus did not respond), while the quantitative 
response is measured on a continuous scale provided, for example, by light absorbance or 
fluorescence.
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3 Installation
The Dichotomous Assay Package  is delivered as an add-on to the PLA 3.0  framework and does 
not require a separate installation. To make the functionality of the Dichotomous Assay Package 
available for use, you have to activate the add-on in your database.

Procedure
To activate the add-on:

1. Log in to PLA 3.0.

2. Open the System  menu, and click  Add-on management.

3. On the Add-ons  tab, right-click the add-on you want to activate, and select  Activate.

Result
The add-on is added to the repository ( ) and activated in the database ( ).
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4 Basic concepts
To support you in setting up dichotomous assays, the Dichotomous Assay Package  utilizes a set 
of concepts.

4.1 Assay elements
Dichotomous assay documents require at least one Standard sample (reference) and one Test 
or Control sample to calculate the potency. They usually involve a range of assay elements with 
data measured at different dilutions (or concentrations) of the active ingredient.

The following figure shows the possible assay elements of a Dichotomous assay document:

Standard sample

1 (required) 0..n (optional)

0..n (optional)

Test sample(s)

Control sample(s)

Figure  4-1 Assay elements of a Dichotomous assay document

▪ The Standard sample provides the reference standard of the assay document. You calculate 
relative potencies in comparison to this assay element. A Standard sample consists of a series 
of measurements at various dilutions (or concentrations). Every assay document must have 
exactly one Standard sample element.

▪ The Test sample provides the data you want to evaluate by the assay document. You 
calculate the relative potencies of these assay elements. A Test sample consists of a series of 
measurements at various dilutions (or concentrations). The Test sample element is optional. 
But every assay document must have at least one Test or Control sample. You can add as 
many Test samples as you like.

▪ The Control sample provides the basis for assay acceptance tests. Control samples are Test 
samples that are 'well known.' A Control sample consists of a series of measurements at 
various dilutions (or concentrations). The Control sample element is optional. But every 
assay document must have at least one Control or Test sample. You can add as many Control 
samples as you like.
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4.2 Preparation schemes
Preparation schemes are a central tool for setting up dilution sequences. You define 
preparations once and assign them to as many assay elements as you like. You do not have to 
enter redundant information.

Note:  Each assay element must have a Preparation scheme assigned. And each Dichotomous 
assay document must contain at least one Preparation scheme.

Use the following Preparation scheme  properties to set up dilution sequences:

▪ Use the Replicate count  to specify how many replicates an assay element requires for each 
dose step.

▪ Use Predilution factors  to express how much of the original stock solution is present in the 
total solution.

▪ Set up the dilution sequence manually by defining each step (Defined sequence  or Stepwise 
dilution sequence), or define a set of variables to calculate the dilution sequence based on 
these variables (Geometric sequence  or Linear sequence).

▪ Optionally, you can also define the absolute potency by stock solution or by raw material, and 
the unit for the absolute potency you want to use in reporting.

Example

Assume that you want to develop an assay whose assay elements have five dose steps and one 
replicate. The dilution sequence is calculated as a 2.0-fold geometric sequence. You therefore 
set up the Preparation scheme  with a Replicate count  of 1, a Geometric sequence  with 5 as the 
Number of steps.

4.3 Suitability tests
Assays are based on curve similarity. This provides the opportunity to check the validity of 
calculations every time they are performed. Use suitability tests to ensure valid results. A typical 
suitability test you can use is one that checks for similarity/parallelism.

Note:  If you do not add any tests, you can still calculate relative potencies, but you cannot 
check their validity.

Test types

PLA 3.0  supports the following types of suitability tests:

▪ Assay suitability tests: If the test fails, all Test samples of the assay fail.

▪ Sample suitability tests: If the test fails, only the related Test sample fails.

Tip:  Set up Assay suitability tests for (well-known) Control samples. If these tests fail, the 
results for all Test samples in the assays fail.
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Severity levels

The severity level you assign to a test controls how failed tests affect the assay results. The 
highest severity level among failed tests determines how assay results are handled.

The term 'assay' in this context refers to calculations for individual sample pairs (Test sample 
compared to Standard) unless you use simultaneous regression. If you set up a test as an Assay 
suitability test, it also counts for calculations of the Overall test results of other sample pairs in 
the assay document.

The following levels are available:

▪ Reject: The assay results fail, and no potencies are calculated or reported.

▪ Warning: The assay results fail, but potencies are still calculated and reported.

▪ Information: The assay results pass the test, but an information message is displayed.

Scope of the test

The test scope determines the assay elements you want to include in the test. The following 
scopes are available:

▪ All assay elements: Runs the test for every assay element.

▪ Standard only: Runs the test for the Standard sample.

▪ Test samples only: Runs the test for every Test sample.

▪ Control samples only: Runs the test for every Control sample.

4.3.1 Chi-square tests
Use Chi-square tests to determine differences between observed and expected results.

Dichotomous assay documents offer the following Chi-square tests:

▪ Significance of non-parallelism

▪ Significance of non-linearity (lack of fit)

▪ Significance of regression

▪ Significance of square coefficient

▪ Significance of non-linearity (lack of fit) for a single assay element

▪ Significance of square coefficient for a single assay element

Please consult the Reference Guide  of the Dichotomous Assay Package  for details on the 
various tests.

4.3.2 Additional tests
Dichotomous assay documents offer a set of additional tests.
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▪ Test: Relative potency value

▪ Test: Relative potency confidence interval

▪ Test: Relative potency range (%)

▪ Test: Weight (W)

▪ Test: EC50 value

Please consult the Reference Guide  of the Dichotomous Assay Package  for details on the 
various tests.

4.4 Observation group ID
Observation group IDs provide the link between assay elements and observation data. They are 
assigned automatically in the order in which you create the assay elements.

In the Content  editor, by default, observation group ID 1 is assigned to the Standard sample, 
observation group ID 2 is assigned to the first Test sample, as shown in the following figure:

Figure  4-2 Observation group IDs assigned to assay elements in the Content editor

Note:  You can use observation group IDs to change how positions are assigned on plates. In 
this case, you simply edit the observation group IDs of the assay elements.

In the Observations  editor, the Observation group ID is displayed in square brackets [] next to 
the assay element and defines the assignment of assay elements to rows.
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Figure  4-3 Observation group IDs in the Observations editor
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5 Calculation
Calculate a dichotomous assay document once you have completely set up the document. 
Results of the calculation are added to the assay document.

Tip:  Set up suitability tests to check the validity of calculations every time they are performed.

The following figure shows the steps that are performed when calculating an assay document 
and the document elements you use to define the calculation logic:

Regression analysis

Data transformation

Analysis of variance

Potency calculation

Logarithm base

Theoretical 
variance

Absolute potency 
defintion

Simultaneous 
regression

Probit/Logit
model

Preparation scheme

Analytical model

Figure  5-1 Common steps in Dichotomous assay calculations

Data transformation

Specify the logarithm base you want to use for transformation of the dose or response. The 
following logarithmic transformations are available:

▪ Binary logarithm (base 2)

▪ Natural logarithm (base e)

▪ Decimal logarithm (base 10)

Regression analysis

Regression analysis runs two regressions using a full and a restricted model. The difference 
between full and restricted model is usually used for suitability testing.

11/22 DU0415



▪ The full regression model finds the best fit for the system. Regression parameters are defined 
separately for the Standard and each Test sample.

▪ The restricted regression model assumes perfect similarity/parallelism and is used to estimate 
the relative potency. The restricted model approximates the Standard sample and Test 
samples together. Only the regression parameter used to determine relative potency is 
assumed to differ. Other regression parameters are assumed to be equal in the Standard and 
Test samples.

PLA 3.0  currently supports the probit and the logit models.

Tip:  Use simultaneous regression, if you want to address incomplete data in individual assay 
elements. Dichotomous assays normally perform all assay regressions one by one, that is, all 
regression is done in pairs. In the case of simultaneous regression, all regressions are performed 
together in a single model.

Analysis of variance

Use Analysis of variance (ANOVA) to determine sources of variation in statistical models. ANOVA 
has several methods to estimate variance in the data. You can define a value for the theoretical 
variance other than 1, if you require.

Potency calculation

The primary goal of Dichotomous assays is to calculate relative potencies of Test samples 
compared to a Standard sample. You can also determine absolute potencies if you provide 
information on stock solutions or raw materials. In this case, assays still calculate relative 
potencies first and then perform calculations to determine absolute potencies.

Note:  To correctly calculate stock solutions, you have to provide the predilution factors of all 
assay elements.

The dilution model follows the path depicted in the following figure:
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Raw material

Stock solution

Raw material

Stock solution

Predilution factors

Standard sample
Test sample

Calculation of 
absolute potency

Figure  5-2 Dilution model applied to a Dichotomous assay document

Definitions of raw materials and stock solutions are optional and not always provided. PLA 3.0 
can perform various calculations to derive absolute potency. The type of calculation PLA 3.0  uses 
depends on the potency information you provide.

The following tables show the most common use cases.

No absolute potency calculation

No absolute potencies are calculated if you provide a stock solution or raw material potency for 
the Test sample but not the Standard sample:

Standard sample Test sample

Raw material 
potency

Stock solution 
potency

Raw material 
potency

Stock solution 
potency

1 - - - -

2 - - - yes

3 - - yes -

Calculation of absolute potency for stock solution

Absolute potencies are calculated for stock solutions if you provide one of the following 
combinations of potency information:
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Standard sample Test sample

Raw material 
potency

Stock solution 
potency

Raw material 
potency

Stock solution 
potency

1 - yes - *

2 - yes - yes

3 - yes yes -

4 yes - - *

5 yes - - yes

*  If you provide potency information on the raw material or stock solution of the Standard 
sample and do not provide any potency information on the raw material or stock solution of the 
Test sample, the stock solution potency of the Test sample is assumed to be 1.

Calculation of absolute potency for raw material

Absolute potencies are calculated for raw materials if you provide a raw material potency for 
both the Standard and Test sample:

Standard sample Test sample

Raw material 
potency

Stock solution 
potency

Raw material 
potency

Stock solution 
potency

1 yes - yes -
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6 Use case: Determination of insulin 
concentration in mouse convulsion assay
Caused by high blood sugar level, leg cramps are a common side effect of diabetes. This effect 
can be countered by administering insulin, which lowers the blood sugar level. As a too high 
dose of insulin can also cause leg cramps, it is crucial to determine the correct concentration.

Note:  This use case uses the setup described in Finney, David J. 1978. Statistical method in 
biological assay, 3rd edition. London: Charles Griffin and Company Ltd., page 387.

Overview

For this use case, you use a Dichotomous assay document with one Standard sample and one 
Test sample. Standard and Test sample are both set up with one replicate. The absolute potency 
is defined by a stock solution of 20 IU/ml. The dilution sequences of both samples are defined 
manually.

▪ The Standard sample with values 3.4, 5.2, 7, 8.5, 10.5, 13, 18, 21, 28.

▪ The Test sample with values 6.5, 10, 14, 21.5, 29.

Result

When calculated, you will find the following plot for the restricted model on the Dashboard:
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Figure  6-1 Restricted model plot for the Standard and Test sample

Steps

To set up an assay for the determination of insulin concentration:

1. Create a Dichotomous assay document

2. Set up the preparation schemes

3. Set up the assay elements

4. Set up the test system

5. Enter the observation data
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6.1 Create a Dichotomous assay document
Create a new Dichotomous assay document to hold your assay data.

Procedure
To create a document:

1. In the Navigator, right-click the folder in which you want to create the document.

2. From the context menu, select  New.

3. In the Create a new document  dialog, on the Available document types  tab, navigate to 
Dichotomous assay package  > New dichotomous assay (Quantal response assay)

4. Select 'New Dichotomous assay (Quantal response assay)'.

5. To confirm your selection, click Create.
Result: The Content  editor opens, displaying your new document.

6. As the document name, enter Insulin, Mouse convulsion  and save the document.

6.2 Set up the preparation schemes
Set up preparation schemes to define the absolute potency and the dilution sequences for the 
Standard and Test sample.

About this task
The dilution sequences of the Standard and Test sample differ, you therefore need two 
preparation schemes, one for each sequence.

Procedure
To set up the preparation schemes:

1. Go to Setup  > Preparation schemes.

2. Create a second preparation scheme: In the Createable elements  pane, double-click the 
Preparation scheme  element.

3. Set up the first preparation scheme: As the Replicate count, enter 1.

4. Define the absolute potency for the first preparation scheme as follows:
a. Switch from Absolute potency: not defined  to Absolute potency: defined by stock 

solution.
b. As the Assigned/Assumed potency, enter 20.
c. As the Assigned/Assumed potency units, enter IU/ml.

5. Define the dilution sequence for the first preparation scheme as follows:
a. Switch from Geometric sequence  to Defined sequence.
b. Add eight additional Dose value  elements:
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▪ In the Createable elements  pane, right-click the Dose value  element, and select Create 
multiple elements  from the context menu.

▪ In the Create multiple elements  dialog, enter 8, and click OK.

c. Enter the following dose values: 3.4, 5.2, 7, 8.5, 10.5, 13, 18, 21, and 28.

6. Set up the second preparation scheme: As the Replicate count, enter 1.

7. Define the absolute potency for the second preparation scheme in the same way as you did 
for the first scheme.

8. Define the dilution sequence for the second preparation scheme as follows:
a. Switch from Geometric sequence  to Defined sequence.
b. Add four additional Dose value  elements:

▪ In the Createable elements  pane, right-click the Dose value  element, and select Create 
multiple elements  from the context menu.

▪ In the Create multiple elements  dialog, enter 4, and click OK.

c. Enter the following dose values: 6.5, 10, 14, 21.5, and 29.

9. Save the document.

Result
Your preparation schemes should now look as follows:
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Figure  6-2 Preparation scheme setup in the Content editor

6.3 Set up the assay elements
Set up the Standard sample and the Test sample required for this use case.

Procedure
To set up the assay:

1. Go to Setup  > Assay elements.

2. Set up the Standard sample  as follows:
a. As the Name, enter Standard (S).
b. Assign the first preparation scheme.
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3. Set up the Test sample  as follows:
a. As the Name, enter Test (T).
b. Assign the second preparation scheme.

4. Save the document.

6.4 Set up the test system
Add suitability tests to set up the test system for this use case.

Note:  The test system setup described here is a sample setup. You can set up the test system 
according to your requirements.

Procedure
To set up the test system:

1. Go to Analysis  > Suitability tests.

2. Add the required suitability tests: In the Createable elements  pane, double-click the Chi-
square-test / Z-test (hypothesis test)  and Test: Relative potency value  elements.

3. Set up the Test: Relative potency value  as follows:
a. As the Upper margin, enter 1.2.
b. As the Lower margin, enter 0.6.

4. Save the document.

6.5 Enter the observation data
Enter the affected and tested response values.

Procedure
To enter your observation data:

1. Open the By Sequence  editor of your Dichotomous assay.

2. From the left-most drop-down list, select the Standard sample entry. Then select the 
corresponding primary display factor , and copy and paste the following values:

Response (Affected) Response (Tested)

[1] 3.4 0 33

[2] 5.2 5 32

[3] 7 11 38

[4] 8.5 14 37

[5] 10.5 18 40
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Response (Affected) Response (Tested)

[6] 13 21 37

[7] 18 23 31

[8] 21 30 37

[9] 28 27 30

3. From the left-most drop-down list, select the Test sample entry. Then select the 
corresponding primary display factor , and copy and paste the following values:

Response (Affected) Response (Tested)

[1] 6.5 2 40

[2] 10 10 30

[3] 14 18 40

[4] 21.5 21 35

[5] 29 27 37

4. Save your document.

Result
In the Observations  editor, the Response (Affected)  and Response (Tested)  columns display 
your observation data.
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Figure  6-3 Observation data displayed as response in the Observations editor

What to do next
Calculate your assay to view plots for the full and restricted model and test results on the 
Dashboard.

Tip:  To add units to your plots, in the Content  editor, go to Setup  > Observation data  > 
Column: Sequence step, and add a Concentration unit  element from the Createable elements 
pane.
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