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Designing experiments

Experimental variables

Independent variables are manipulated or chosen by the
experimenter (e.g. water flow rate, treatment concentrations,
times intervals for growth measurement etc).

Dependent variables are those responding to the independent
variables i.e. those measured by the experimenter (e.g. growth
rate of fish over time, treatment response etc).

Extraneous variables are those unselected variables affecting
the response (e.g. amount of sunlight each day). Extraneous
variables that are systematically related to the independent
variable (e.g. nitrate concentration of the water flowing into the
pond / tanks etc) are termed “confounding” variables
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Designing experiments

A good experiment requires Randomisation, Replication
and Controls — because:
« Enormous variability of biological material and systems and

from the conscious or unconscious bhias of the
experimenter.

* Any given treatment must be applied to several (replicate)
experimental units and must be randomly allocated to the
experimental units.

* The probability of any given unit receiving any given
treatment must be equal.

* In order to detect changes attributable to treatments,
suitable controls must be employed.
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Randomisation

« Randomisation is an important factor in experimental
design as it minimises the chance of a biased result
through uncontrollable variability in the experimental
equipment or materials.

« However, randomisation of an experiment is not always
as straight forward as it may appear.

« Suppose we have two treatments, “Treatment A” and
“Treatment B” and we have 20 tanks of fish divided into
two groups of 10. The following gives a method for
randomising these for use in the two experimental
treatments:
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Randomisation
. d I I I 10 Assign to Tank 10
Ran Om y a Ocate 27 Too large, so 27 - 20 =7 (Tank 7)
53 Too large, so 53 —20-20 = 13 (Tank 13)
the tWO treatments to 96 Too large, s0 96 — 20 - 20 - 20 - 20 = 16 (Tank 16)
the twe nty tan kS 23 Too large, so 23 - 20 = 3 (Tank 3)
] 71 Too large, so 71 -20-20-20 = 11 (Tank 11)
Uusi ng a random 50 Too large, so 50 — 20 — 20 = 10 (Tank 10 already used)
54 Too large, so 54 — 20 - 20 = 14 (Tank 14)
nU mber generatOr Oﬂ 36 Too large, so 36 — 20 = 16 (Tank 16 already used)
23 Number already appeared in the number series
a Cal C u I ato r 54 Number already appeared in the number series
51 Too large, 51— 20— 20 = 11 (Tank 11 already used)
¢ T h e Cal C U I atO r 50 Number already used in the number series
14 Assign to Tank 14 but already used
prOduced the 28 Too large, so 28 — 20 = 8 (Tank 8)
1 02 Assign to Tank 2
fO”OWIng numbers 12 Assign to Tank 12
29 Too large, s0 29 -20 =9 (Tank 9)
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Replicates

* Replicates are essential to
good experimental design
due to:

« variability of biological
material

e unexpected and
Inexplicable changes in any

experiment conducted in
the real world-world.

* Replicates are critical for
field experiments since
fewer variables may be
controlled
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Replicates

 |deally, as many
replicates as possible

« Limited by feasibility
and budgetary
constraints?

 Rule of thumb —

« Atleast 5 replicate
groups
« Bare min of 3
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Pseudo-replication

e This is “the use of inferential Experiment1

statistics to test for
treatment effects with data > > >
from experiments where
either treatments are not t i t
[truly] replicated (though P P P
samples may be) or
replicates are not e et
statistically independent” Experiment 2
(Hurlbert, 1984)

 Which experiment is P | | - B
pseudo-replicated? - - -

Treat A Treat B Treat C
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Controls

Controls provide a baseline + Controls MUST be treated

which allows assessment of identically in every respect
changes due to to your test population,
experimental treatments. apart for the lack of the test
condition itself, e.g.
Blank 0.9%NaCi [Day30) ID:m [Day18] [Day45] (D':’Ol
A B c D v E F
1.8
=3 “: 3 3 “ ml:
.‘g IF'L.‘ ’t‘
é'o:;' N A DA mn:.!gi oy
She i dargraly) o St < s 4
=R ‘{‘:-?‘-f’?".! . “l\‘:’%ﬁ’g
o (| s
+ve control -ve control Treatment over time
sham
injection

%@ Vocational
Designing Experiments ‘A Aqualabs



Sample size

The sample size determines:

« The ability of your experiment to resolve differences
between population samples

* The likelihood that a sub-sample will accurately reflect
the population it was taken from

« The statistical tests which may be employed to analyse

your results, and the statistical power of the methods
used.
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Sample size

Sample sizes may be chosen in several different ways:

 Expediency — e.g. include those items readily available
or convenient to collect. A choice of small sample sizes,
though sometimes necessary, can result in
wide confidence intervals or risks of errors in statistical
hypothesis testing.

« Using a target variance for an estimate to be derived
from the sample eventually obtained

« Using a target for the power of a statistical test to be
applied once the sample is collected.
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« Larger sample sizes
generally lead to:

 Increased statistical
precision (Law of large
numbers)

 Increased probability
of normally distributed
data (Central limit
theorem)
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Checklist — good design

The checklist should include:

« Select the sample group carefully to avoid confounding
variables

 Randomly assign a treatment

« Try and make studies single or double blind, where:

* First — Experimenter does not know from which individuals get which
treatment

« Second — Analyst does not know from which group a sample derives

 Random or Crossover design — for two treatments A and B
some subjects are randomly assigned to treatment A initially
and then move to treatment B and some vice versa.
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Alternative Designs and
Considerations
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Power and pre-sampling

* The power of an experimental design is the
probabillity of allowing one to correctly reject a
false null hypothesis or accept a valid one.

* Depends on:
« sample size employed,

 the actual difference between the populations being
studied,

 the variability of the populations and the level of
statistical significance that has been chosen.
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Power and pre-sampling

* The power of an experimental design is the
probabillity of allowing one to correctly reject a
false null hypothesis or accept a valid one.

* Depends on:
 sample size employed,

* the actual difTe™ | ’ " _t
studied, n practice, the easies

R _ way to increase the
* the _Va_”ablll_ty Of the populatio power of an experimental
statistical significance that ha Qe IBER RIS E R

sample size!
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Sample size - again

 Itis possible to calculate

the sample size required ; ORE
: o
tq detect a given oA N2
difference between e © =

populations. - A 4 h
« The difference may be i " “‘t‘
estimated by pre-sampling })/

or by using past studies
as a guide. #
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Randomised Block Design

e Consider a standard
randomised design?

* By random chance all
treatment A’'s are
within the first column

[' \._‘ >~ ~ 7
- -

* What if there Is a ‘Allc|pol| D
gradient of light —— e ——
coming from the left { ALlBR LB e ‘

of the lab?
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Randomised Block Design

 Arandomised block

Biock 1 Block 2

design can be used to @~ T i %
A B A C
solve such a problem ‘_ .
* Each blockreceives || D | € D || B
one treatment —> > { <> , <
randomly allocated Al c Al D
» Improved more...? e “
B D B C
S Y @ o/
Block 3 Block 4
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« Each block has one
treatment

AND

« Each treatment also
randomly allocated to
each row and column

« Will allow for multiple
confounding factors

Factor 1 e.g Iight

>

Designing Experiments

AN Block 4

Factor 2 e g wind direction
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Factorial Design

Used to examine the ST e
effects and interaction of _ _
Low Medium | High
two or more factors
: Low Sreps |5reps |5reps
e.g. Different levels of | P P P
lipid and protein in food; 3  |Medium |5reps |5reps |5 reps
X 4 factorial, 5 replicates High Sreps  Sreps  5reps
Very Soreps Sreps | 5reps
high
Advantage — only need a J

single experiment as the
hidden replication
examines the interaction

Designing Experiments
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Other Group designs
(n )

Randomly selected
experimental group ;

POST-TEST

There are many other
variations on such

PRE-TEST

experimental designs —
such as: Ll o
PRE-TEST /
* Pre-Post Randomised ™
Group design cona ]  posrrest
Expetimental TREATIVENT
Group B : POST-TEST

?géci) rrr1] on Four Group —— — o |
g Control Group B l“—————_.___::__a_ POST-TEST I
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Repeated measures

 These designs are used if
measurements or

observations are made on i | i *.*“*1* : *T“'l*i* i

the same sample/population
a number of times over the

Subject 2 Postiest

study Subject Postiest

 This must be used if

Subject 4 Posttest

measurements at each time

point are being directly

Subject 5 Posttest

compared from time-point

zero (temporal control) Subject |- [ pretest —bl—bTestI—b A _.w{..._. Fostest

 Use suitable statistical
analysis i.e. Repeated
measures ANOVA.
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