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The Rothamsted School - its approach
to analysis of experiments.
Research Staff Training Session - 2019
by Curt Lee
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Rothamsted is the longest running agricultural
research institute in the world and has a long and
rich history of famous statisticians.

Fisher

Yates

Nelder
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Payne
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ASA-CSSA-SSSA presentation

https://a-c-s.confex.com/crops/2007am/techprogram/P30406.HTM
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The ideas and methods developed at Rothamstad
were formalized in a statistical software called
GenStat.
.
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A History of the GenStat ANOVA by Roger Payne
Australasian Applied Statistics Conference 2018
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GenStat, is based on John Nelder’s analyses of variance , which is a powerful
formalization of the ideas in the work of others associated with Rothamsted
(Senn, 2018).
 Developed analysis of variance in not in terms of linear models but in terms
of symmetry.
 How? By incorporating Nelder’s ideas of general balance into the Wilkinson
ANOVA algorithm.
 Uses a very efficient sweep type algorithm.
 This is very intuitive for those analyzing designed experiments as it breaks
the model down into two distinct parts - treatment and block structure.
 Made it possible to retain the conceptual simplicity of ANOVA type strata in
the analysis.
 Will simply derive the correct analysis for almost any designed experiment.
These are unique and defining features of this software and make it
extremely adept to the analysis of agricultural field experiments.
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Statistical Science 2003, Vol. 18, No. 1, 118–131 © Institute of Mathematical
Statistics, 2003 A Conversation with John Nelder by Stephen Senn
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The GenStat algorithm uses simple
treatment and block structure.
Y-Variate =

treatment structure + block structure

+ error structure
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Treatment and block structure.
Y-Variate =

treatment structure + block structure

+ error structure

Block structure – concerned with the structure (heterogeneity) of
units.
Treatment structure– defines different treatment combinations
applied to the units.
The structural component (block) allow to assess different sources
of variation among experimental.
The explanatory component (treatment) provides information
about the difference in response caused by treatments, and allows
estimates of the sizes of these differences.
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Deriving the Model
Treatment Structure specifies a model formula to define the model terms to be fitted.
In its simplest form, a model formula is a list of model terms, linked by the operator ( + ).
Example, A + B is a formula containing two terms, A and B, representing the main effects of factors
A and B respectively.

The crossing operator ( * ) is used to specify factorial structures.
Example, the treatment formula Nitrogen * Sulphur is expanded automatically by Genstat to
become the formula Nitrogen + Sulphur + Nitrogen.Sulphur

The other commonly used operator is the nesting operator ( / ).
This occurs most often in block models an is specified by the Block Structure.
Example, the formula Block/Plot is expanded to become the formula Block + Block.Plot
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Utilizes the concept of strata
Restrictions are imposed on layout of an experiment every time we design and
conduct an experiment. These restrictions create different structural sources of
variability among the experimental units called strata. Each restriction in the
structure of an experiment is called a stratum.
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RCB Example
RCB Example
Field

Block

Plot

There are two Strata:

Block Stratum
(Variation between blocks)

Block.Plot Stratum
(Variation between plots within block)
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Produces multi-stratum ANOVA tables
Recognition of the different roles played by the structural and
explanatory components leads to the idea of the multi-stratum
ANOVA - and makes explicate separation between them (Welham).
The multi-stratum ANOVA table results in an ANOVA table with
separate components for each strata defined in the block structure
Variation with in each stratum is partitioned in sum of squares
associated with the treatments that vary between units at that level
of design.
If you use a multi-stratum ANOVA and you’ve specified your
structure correctly then treatments terms get tested at the correct
level of structure, thus the correct analysis is completed.
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Comparison of ANOVA Tables
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Split Plot Example
Split Plot Example
Field

Block

WholePlot

SubPlot

There are three Strata:

Block Stratum

Block.WholePlot Stratum

Block.Wholeplot.Subplot Stratum

Uses the correct error terms so you get the correct F test
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Easy to form contrasts & partition SOV
(Example from Welham et al, 2015)

Explanatory component:
Structural component:

POL(N;3)
Block/Plot

Analysis of variance
====================
Variate: Yield
Source of variation
Block

stratum

Block.Plot stratum
N
Lin
Quad
Deviations
Residual
Total

d.f.

s.s.

m.s.

v.r.

2

2.8385

1.4192

4.40

3
1
1
1
6

6.1434
5.9283
0.0085
0.2065
1.9359

2.0478
5.9283
0.0085
0.2065
0.3227

6.35
18.37
0.03
0.64
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10.9178

F pr.

0.027
0.005
0.876
0.454
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Easy to produce and plot residuals

Diagnostic plots, contour plot, shade plot, tables
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Comments on the GenStat ANOVA
In summary, the GenStat ANOVA fits the traditional approach to
data modeling.
For example, in a linear model Yij = µ + εij, µ is the systemic part
of the model and can be formulated by splitting this part into
two components, treatment and block structure.


This does not, necessarily, require the formulation of a linear model in the traditional sense and
transforming that model into computer code. The model can be derived by simple visualization of the
design and use of simple notation in a menu system. The appropriateness of the analysis is easily
confirmed by viewing the multi-stratum ANOVA (i.e. are all strata present and accounted for). This may be
advantageous as it does not strictly require the learning and embedding of the tradition linear model
mindset. According to Stroup (2013) this traditional mindset essentially has to be unlearned when
transitioning to contemporary modeling (generalized linear mixed models).

Can only be formed when the explanatory and structural
components obey certain conditions of balance.


The simplest case of which is when block and treatment factors are orthogonal, so that each term can be
estimated independently of the other.
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JOHN NELDER: FROM GENERAL BALANCE TO GENERALISED MODELS (BOTH
LINEAR AND HIERARCHICAL). Stephen Senn Department of Statistics,
University of Glasgow
(Published in Senn SJ. John Nelder: From general balance to generalised models (both linear and hierarchical). In Methods and
Models in Statistics: In Honour of Professor John Nelder, FRS, Adams NM, Crowder MJ, Hand DJ, Stephens DA (eds). Imperial College
Press: London, 2004.)
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Comments on the GenStat ANOVA
Although the multi-stratum ANOVA implicitly identifies terms in
the structural components of the model as a random term, it
uses least squares estimates of their effects as if they were fixed
terms.
The GenStat ANOVA is intuitive. It is the fundamental (starting
point) approach to analysis of any agricultural field experiment.
It can be a useful tool to check and compare the output with
more complex models and the correctness of output from other
software where you do not understand how they derive F tests.
Fits a design based approach to data analysis. Analyze it as you
randomize it!
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Comments on the GenStat ANOVA
The GenStat ANOVA is not the best tool for all situations.
 In a modern day of computing is this mindset (Yij = µ + εij) correct or the best method,
technically no. Is it useful, yes. If you keep in mind what it is for and its limitations
(Stroup).

Linear mixed models (LMM) and generalized linear mixed
models (GLMM) are often needed and preferred, these are
available in GenStat.
LMM and GLMM are a powerful and flexible class of models
that can be applied to may different situations found in
agricultural experimentation.
 However, it is easy (especially for agronomists) to fit a wrong model and obtain
misleading results with LMM. As the models become more complex (GLMM) so does the
danger of misspecification of the model. This emphasizes that importance of analysis by
the GenStat ANOVA, at least as a starting point for designed experiments.
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Design Tableau, Cullis
& Smith, 2018
 We were fortunate enough to have trained and worked as young
biometricians when analysis of variance (ANOVA) techniques were the
primary method of analysis for comparative experiments.
 Our tool of trade was the GENSTAT package, so that the elegant notation of
Wilkinson and Rogers and the framework of Block and Treatment structures
became ingrained in our statistical thinking.
 So, despite the complexity of the LMM we now use, we appreciate the
importance of maintaining these fundamental concepts, in particular the
link between the analysis and the experimental design. We are concerned
that this view is shared by only a few, as is evidenced by what we regard as
a widespread mis-use of LMM for comparative experiments. This may either
be due to an unintentional lapse in transitioning from ANOVA to LMM or a
complete lack of exposure to traditional methods of analysis for
comparative experiments.
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Many of these ideas are summarized and taught
in Welham’s et al (2015) recent book
“Statistical Methods in Biology”.
Contents:

Introduction. A Review of Basic Statistics
Principles for Designing Experiments
Models for a Single Factor
Checking Model Assumptions
Transformations of the Response
Models with Simple Blocking Structure
Extracting Information about Treatments
Models with Complex Blocking Structure
Replication and Power
Dealing with Non-Orthogonality
Models for a Single Variate: Simple Linear Regression
Checking Model Fit
Models for Several Variates: Multiple Linear Regression
Models for Variates and Factors
Incorporating Structure: Mixed Models
Models for Curved Relationships
Models for Non-Normal Responses: Generalized Linear
Models
Practical Design and Data Analysis for Real Studies
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This approach is taught by Mick O’Neill
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Utilized by Agro-Tech to train agronomists
and analyze data
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Call it what you want, the Rothamsted School,
Nelder’s Approach, the Strata Concept or just
GenStat.
“Applying this approach”, as per
Stephen Senn https://errorstatistics.com
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Summary
This Rothamsted approach to data analysis
 Implemented in the GenStat ANOVA algorithm which developed
the the analysis of variance in terms of symmetry and general
balance (works by an efficient sequence of sweeps).
 Makes a clear distinction between Block & Treatment Structures.
 Uses concept of strata (provides effects from each stratum where
a term is estimated).
 Clear and comprehensive output (multi-stratum ANOVA).
 Intuitive (given a randomization the correct analysis will follow.)
 Is a fundamental (must have) skill set for those who analyze
agronomy experiments and, in my opinion, should be required
training for field research agronomists.
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This approach is taught at Rothamsted,
implemented in GenStat,
and utilized at Agro-Tech!
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