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Automation of Balanced Nested Design; NeDPy
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Abstract This work was done considering the principle of automating nested designs. It was aimed at developing a user
friendly statistical package (NeDPYy) that can be used to analyse experiment that has nested factor(s). NeDPy was coined from
“NESTED DESIGN PYTHON” and was developed using python programming language. Python modules like NumPy,
Scipy, Matplotlib, Tkinter etc. was used to develop a user-friendly app with GUI (graphical user interface) that can analyse a
two-stage and three-stage nested design to produce all relevant information. These include, indicating significant factor(s),
creating ANOVA table, giving estimate for model and variance component, descriptive analysis, generating the residuals of
the data set, drawing diagnostic plots like normal probability plot, box plot etc. NeDPy was used to solve problems from some
cited sources where the problem has been solved both manually and using some trusted software. Some important results
were compared and found to be identical. This validates NeDPy and makes it a recommendable statistical package for

analysing nested design.
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1. Introduction

Experimental design is the branch of statistics that deals
with the design and analysis of experiment. It involves the
laying out of a detailed experimental plan for efficient
analysis of an experiment. It is used in experiment to;

Determine the effect of the levels of the control variables.
Determine which control variable has significant influence
on the response variable.

Determine the settings of the influential variables so as to
obtain an optimal values of the response variable [1].
Experimental design is used in many areas such as
agriculture, ecology, medicine, and industrial experimental
processes. Nested design is a type of experimental design
used to analyse data set with nested factor(s). An experiment
is said to have a nested factor if the levels of one factor
(nested factor) occurs uniquely with only one level of the
other factor. In modern science, nested designs have
numerous real life applications. For example, consider a
genetics experiment with females nested in males. We need
to be able to identify the father of the offspring, so we can
only breed each female to one male at a time. However, if
females of the species under study only live through one
breeding, we must have different females for every male. In
this case female is nested under male. We do not simply
choose to use a nested model for an experiment. We use a
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nested model because the treatment structure of the
experiment are nested, and we must build our models to
match our treatment structure. The design and execution of
such experiments is often done during every day work
without support from a statistical expert thus it is important
to have a software available that can be easily used by
non-experts. At the same time, statisticians are often
involved in the more important industrial experiments, and
there are many facets to construction of such experiments for
which a statistician very much appreciates support from a
statistical software [2]. The aim of this work is to develop a
user friendly statistical package NeDPy that can be used to
analyse experiment with nested factor(s). This aim is broken
down into achievable objectives namely; Develop a user
friendly interface using the G.U.l (graphical user interface)
package Tkinter so the app can easily interact with the user.
Build in functionality that can provide relevant analysis such
as ANOVA table, descriptive analysis, estimate the model
parameters and variance component, perform diagnostics
check using plots etc. Use NeDPy to analyse data from
solved examples. Compare results from NeDPy and results
from solved examples to validate NeDPy.

1.1. Statement of Problem

Although many data in real life situation in areas such as
agriculture, medicine, etc. have data structure that conforms
with the nested structure, there are no many software
packages available to readily analyse these data set. Most
available software packages (e.g. R, SAS, Stata) for
analysing data set with nested structure still lacks a graphic
user interface that makes them unwieldy to use by
individuals with no prior knowledge in coding and statistics.
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1.2. Scope of the Research

The software developed is limited to the case of a two and
three stage balanced nested design. This implies that the
study studies experiment with two or three factors say A, B
and C; it is limited to the case where all the data at all levels
are available i.e. there are no missing data in the experiment.

1.3. Literature Review

Interest in statistical computing began not with the
invention of the personal computer in the 1980s or even
with the rise of the large mainframe computer during the
1960s. Statistical computing became a popular field for
study during the 1920s and 1930s, as universities and
research labs began to acquire the early IBM mechanical
punched card tabulators. They used these machines not only
for tabulating and computing summary statistics but also for
fitting more complicated statistical models such as analyses
of variance and linear regressions [3]. Since then several
field in statistics make use of computers to solve statistical
problems. Experimental design is not left out as several
statistical packages have been built to analyse a wide range
of experimental designs. Nested design have received a
relatively poor attention from programmers. Some popular
and readily available statistical software such as Design
Expert, SPSS, NCSS, Excel, JMP etc. has no in-built
functionality for the direct computation of nested design. R
has an inbuilt function for nested design, the Ime function in
nlme can be used to analyse nested design, [4]. This method
might not be easy to use for non-statisticians and
non-programmers since it involves writing code. The Stata
statistical package can also be used for nested design but
also involves code writing [5]. SAS statistical package must
be commended for the wide range of analysis it performs on
nested data but its complex nature in both using and
interpreting the solutions still poses a problem to the
general and easy use of SAS. Matlab, a programming
language that has generally gained the acceptance of
statisticians as a tool for data analysis in recent times also
does not have any functionality for nested design. Minitab
has functionality for nested design and a friendly interface
[6] but licensing and buying the package still makes it
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inconvenient and unhandy to use .In python the DOE
module addresses a wide range of experimental design,
they include factorial, 2-level fractional factorial,
Plackett-Burman, Sukharev grid, Box-Behnken,
Box-Wilson (Central-composite) with centre-faced option,
Latin hypercube (simple), Latin hypercube (space-filling),
Random k-means cluster, Maximin reconstruction, Halton
sequence based, Uniform random matrix. There are no
inbuilt function in the python pyDOE module that address
nested design [7,8]. However the Spmld module after
modifications can be used to address nested design [9].

2. Method

NeDPy (the statistical package) was developed using
python. Python is a programming language that is simple in
syntax and most widely used for data analysis, exploratory
computing and data visualization. Pythons improved library
support (primarily pandas) has made it a strong alternative
for data manipulation tasks. Combined with Pythons strength
in general purpose programming, it is an excellent choice as
a single language for building data-centric applications [10].
Python has so many inbuilt module and Libraries that makes
it convenient and competent for data analysis. Most of the
important Python Libraries used for data analysis were used
to develop this app. Some of the very important ones are:

Scipy

NumPy

Pandas

Matplotlib

Seaborn

Tkinter, Python’s standard GUI (Graphical User Interface)
package was used for the development of NeDPys Interface.
Tkinter is used to make NeDPy an easy to use software with
a very friendly interface with no complexities in handling.
Therefore no prior knowledge of coding or any tutorials on
how to use the app is needed to get started with it.

The two-stage nested effects model is:

Yijk = u+a; + Bjuy + €ujyk
i=12..aj=12..bk=12...,n

Table 1. Two-stage nested ANOVA
SV SS d.f MS Feal Frab
lﬂl(when B is random) Fuamta-1
Factor A SSa a-1 MSa e
—4 (when B is fixed) E
MSE a,a—1, ab(n—1)
MSB(A)
Factor B (A SS ab-1 MS —= Fa ab-1,abn-
(A) B(A) ( ) B(A) MSE ab-1),ab(n-1)
Error SSg ab(n—1) MSg
Total abn — 1
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Notation for two-stage ANOVA

i v.? _ss
LSSy =R~ MSa= 255
Yii?  v? _ss
< SSpay = I (-~ 1) MSpgy oD
ss
< SSE = SST - SSA - SSB(A) MSE ab(nﬁl)

< SSp= X, 2}):1 ZE:l(Yijk -Y)?
The model for a three- stage nested design is;
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Yijk = u+ a;i+ Bjuy + V) + €ajrn
i=12,..,aj=12,..,bk=12..,cl=12,..,n

Table 2. Three-stage nested ANOVA

SV SS d.f MS Fcal Ftab
MS, .
prr— (when B is random) Fya-1)ab-1)
Factor A SS, a-1 MSha MS,
MScs Fua-1)ab(c-1)
(when B is fixed & C is random)
% (when C is random) Fyam-1),ab(c-1)
Factor B (A) | SSpay | a(b—1) | MSg ol
—EA (when C is fixed) F
MSg a,a(b—1),abc(n—1)
MSC(B)
Factor C (B) | SScesy | ab(c—1) | MSc MS, Fy ab(c-1),abc(n-1)
Error SSe abc(n— 1) MSg
Total SSrt abcn — 1
Notation for three-stage ANOVA
—_ — SS
<SSy = ben X (F;. —7..)? MS,= (a_i)
<SS = anqzl?(_.. — )2 MS = SS—B
B(A) — i &j yU.. Yi... B(A) a(b-1)
_ avbyc(s = \? _ SScm)
< SS¢y = nXi Y] Zk(Yij.. -¥i.) MS¢@) = Py
— yavybygcygn 5 2 _ SSg
<SS = XN X7 Xk X Wijie = Vijie) MSe = eeD

2

< SST = ZiZjZk Z]'(yijkl - y)

Variance Component: To estimate variance components,
using the ANOVA method yields the following equation for
the two-stage

~ ~ 2 _ MSp-MSpn) . 2 _ MSp—MSg

6= MSgo, = - og” = -

And the following for three-stage;

~ ~ 2 _ MSp-MSgny)

o = MSg o, = P—

N MSg(a)—MS R MS¢(g)—MS

0'[;2 — B(A) C(B) 0'y2 — C(B) E
cn n

Diagnostic Checking: The major tool used in diagnostic
checking is the residual analysis. For the two stage nested
design,

The fitted value are given by;

Vi = 0+% + By = Vi,

Thus, the residuals are

ek = Yk — Yi; Where Y, are the mean values of
each level of Factor B (within A).

For the three stage nested design

The fitted value are given by;

Yijr = 0+ 1+ Bjg) + Yrg) = Yijk

Thus, the residuals are

et = Yi — Yij; Where Yy are the mean values of
each level of Factor C (within each B within each A).

The usual diagnostic checks which are normal probability
plots, checking for outliers, and plotting the residuals versus
fitted values are all performed to check for abnormalities.
Presence of outliers in the plot indicates the presence of
abnormalities [6].
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3. Computation and Result

Computations done by NeDPy
There are several computations done by NeDPy they
include;

e Clearly indicating the significant factor(s) in an
experiment.

Production of an ANOVA table

Descriptive analysis of data

Estimation of variance component

Estimation of model parameters

Computation of Residuals

Use of graphs for diagnostic check etc.

Summary of NeDPy instruction manual: NeDPy is an easy
to use statistical package. After Installing NeDPy to your PC,
click on the NeDPy icon this will open the NeDPy

Display Analyse Graphs Help Exit
Indicate the levels of Factor
levels of Factor A:|3 = levels of Factor B within each level of Factor A: |4 =
Indications
Indicate Type of Factor A:|Fixed ~

factorA levell

levell of factor B in A level2 of factor B in A

1 -1 0 -2 -3 —4 -2

factorh level2

lewvell of factor B in A lewel2 of factor B in A

1 -2 -3 0 4 2 -1

factorA level3
levell of factor B in A lewel2 of factor B in A

2 4 0 -2 0 2

Indicate Type of Factor B: | Random ~

level3 of factor B in A

lewvel3 of factor B in A

level3 of factor B in A

1
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introductory interface, click on the Get Started button to
open the interface where you select the stage of nested design
you are using. When the interface for that stage is launched,
go to the combo box and select the level of each of the factors
as well as its no of replications, select the type of factors for
each of the factor (random or fixed) and state the level of
significance for the test. Note that although by default =0.05
you can indicate any level of significance. All these features
were built to make it flexible for balanced nested design of
any kind with two or three factor(s). Go to display on your
menu bar and click on entry space, input in the required data
in the space that appears on the screen according to
specification (see figure 1 & 2 below). Perform any analysis
of your choice. Save or Print your result. NeDPy saves text
document to notepad with the extension *txt. and graphs to
jpg by default. To exit click on Exit on your Menu Bar.

Mumber of replication: | 3 =

Alpha value: |0.05

leveld of factor B in A

0 1 1 4 0

leveld of factor B in A

0 -2 0 3 2

leveld of factor B in A
-1 2 3 2 1

Figure 1. Entry view (two-stage)

Display Analyse Graphs Help Bt
Indicate the levels of Factor

levels of Factor & 2 /3

levels of Factor B within each level of Factor ;3 5
Indications

Indicate Type of Factor A:|Fixed v|  Indicate Type of Facter B: Fixed

levels of Factor C within each level of Factor B within each level of factor A: 4 5

Number of replication: 3 5

w|  Indicate Type of Facter C:|Fixed v| Alphavalue 0,03 v

factorA levell
levell of factor Bin A
levell of factor Cin B--level2 of factor C in B--level3 of factor Cin B--leveld of factor Cin B

415 411 370 50.7 6L.6
46.5 48.1 39.0 537 59.6
445 40.1 43.0 477 61.6

level2 of factor B in A
levell of factor C in B--level2 of factor C in B--level3 of factor Cin B--leveld of factor Cin B

level3 of factor
levell of factor

588 619 530 58.0
62.8 60.9 5.0 50.0
578 529 579 61.0)

Figure 2. Entry view (three-stage) PRACTICAL EXAMPLES

Practical cases of solved examples of real life data with
nested structure for both two-stage and three-stage will be
re-viewed. NeDPy will be used to analyse these data and
solution from NeDPy will be used to compare with results
from the cited sources. Example 1: This example was
adapted from DOUGLAS C. MONTGOMERY Design and
Analysis of experiment pg. (604-612) [6]. It is used for the
case of two stage.

ANOVA result from solved example.
This table is extracted from appendix I, Il & |

sV df SS MS | Fe | p-value
Suppliers 2 15.06 | 7.53 | 0.97 0.42
Batches (within suppliers) | 9 69.92 | 7.77 | 2.94 0.02
Error 24 | 6333 | 2.64
Total 35 | 148.31

Remark: At 5% level of significance
Factor A is not significant
Factor B is Significant
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ANOVA result from NeDPy

File

ANOVA TABLE
5.V D.F 55 M5 F-RATIC F-TLB
Factor & 2 15.05560 7.527800 0.98&9 4.25865
Factor B 9 £9.91670 7T.768500 2.9439 2.3002
Error 24 63.33330 2.6389%00
Total 35 148.3056

HCTE

&t alpha value of 0.05
Factor & is InSignificant
Factor B is Significant

Variance Component from solved example:
This result is extracted from appendix I11
File

| VARIANCE CCMPONENT

Error variance component 2.6389
variance component for factor 4 does not exist

variance component for factor B 1.7099

Example 2: This example was adapted from
http://www.math.montana.edu/jobo /st541/sec5b.pdf [11].

In this example two cases of three stage nested design is seen.

Case 1 with factor A & B fixed and C random and Case 2
with A fixed and B & C Random. The both case made use
with the same data set.

ANOVA result from solved example Case 1 Result
This table is extracted from appendix 1V

File Edit Format View Help

ANOVA TABLE
SV D.F 55 MS F-RATIO F-TAB
Factor A 1 70.0139.. 70.0139.. 2.563.. 4.4139
FactorB 4 4181.0872 1045.2718 38.2647 2.9277
Factor C 18 491.7033. 491.7033. 3.36738. 3.2592
Error 48 389.3333. 8.1111..]
Total 71 5132.1378

NOTE

Atalpha value of 0.05
Factor A is InSignificant
Factor B is Significant
Factor Cis Significant

Variance Component from solved example Case 1 Result
This table is extracted from appendix V

Factor Variance Component Estimate
Var(mold(alloy*oven)) 6.40191
Var(Error) 8.11111

Variance Component from NeDPy Case 1 Result

File Edit Format Wiew Help

VARIANCE COMPOMENT

Error variance component 8.1111

variance component for factor A does not exist
variance component for factor B does not exist

variance component for factor C 6.4019

ANOVA result from solved example Case 2 Result
This table is extracted from appendix V & VI

SV df SS MS Feal Pr>F
Alloy 1 70.013889 70.013889 2.56 | 0.0051
Oven (alloy) | 4 | 4181.087222 | 1045.271806 | 38.26 | 0.0001
Mold 18 | 491.703333 27.316852 3.37 | 0.0004
(oven*alloy)

Error 48 | 389.333333 8.111111

Total 71 | 5132.137778

Remark:

e The tests for oven(alloy) and mold(oven*alloy) are
significant with p-values of <.0001 and .0004, respectively.
Therefore Factor B and Factor C are significant.

ANOVA result from NeDPy Case 1 Result

sV df SS MS Feau | Pr>F
Alloy 1 70.013889 70.013889 | 0.07 | 0.8086
Oven (alloy) | 4 | 4181.087222 | 1045.271806 | 38.26 | <.0001
Mold 18 | 491.703333 27.316852 3.37 | 0.0004
(oven*alloy)

Error 48 | 389.333333 8.111111

Total 71 | 5132.137778

Remark:

e The tests for variance components for oven(alloy) and
mold(oven*alloy) are significant with p-values of < .0001
and .0004, respectively.

Therefore Factor B and Factor C are significant.
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ANOVA result from NeDPy Case2 Result

File Edit Format View Help
ANOVA TABLE

5V D.F 58 MS F-RATIO F-TAB

Factor A 1 70.0139.. 70.0139.. 0.067.. I?.?OBE»
FactorB 4 4181.0872 1045.2718 38.2647 2.9277
Factor C 18 491.7033. 491.7033. 3.3678. 3.2592
Error 48 389.3333. 8.1111...

Total 71 5132.1378

NOTE

At alpha value of 0.05
Factor A is InSignificant
Factor B is Significant
Factor C is Significant

Variance Component from solved example Case 2 Result
This table is extracted from appendix X

Factor Variance Component Estimate

Var(oven(alloy)) 84.82958
Var(mold(alloy*oven)) 6.40191
Var(Error) 8.11111

Variance Component from NeDPy Case 2 Result

File Edit Format Wiew Help

VARIANCE COMPOMNEMNT

Error variance component 8.1111

variance component for factor A does not exist
variance component for factor B 84.8298

variance component for factor C 6.4019

4. Discussion of Result

The results of the solved examples were compared with
the result produced by NeDPy, and it was found to be
identical in every way, having similar values up to 4d.p.
The output from example 1 was solved manually and
analysed using Minitab software while the two cases from
example 2 were solved using SAS programming language.
The above stated softwares and sources are reliable, hence
this validates NeDPy.

4.1. Recommendation for Further Study

More complex forms of Nested Design are gaining more
industrial application such as unbalanced nested design,
nested block designs [12],. Split factorial [13], assembled
design, (a special case of nested design) [14] etc. All these
forms do not have direct computation from software’s.
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Further studies should find ways for direct computations of
these forms of nested design.

4.2. Conclusions

NeDPy is an example of a statistical package with a
friendly GUI. It has proven to be a reliable package that can
be used to analyse data set with nested factor(s). It obviously
provides all the relevant information a researcher needs from
a data set involving 1 or 2 nested factor(s).

To get this program contact the
(marceltobinna@gmail.com).

author  at
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