Course on academic research skills
Steve Quarrie
Faculty of Biology,
Belgrade University
Introduction
You can contact me by email at any time at steve.quarrie@gmail.com or
steve.quarrie@ncl.ac.uk.
Stop me whenever you want for discussion.
Sometimes extra slides will be in handouts.
How many of you looked me up to see who I am?
Who am I: Steve Quarrie
https://www.researchgate.net/profile/Steve_Quarrie/?ev=hdr_xprf
http://scholar.google.com/citations?user=INNHTAcAAAAJ&hl=en
I have been doing research so far for over 47 years.
I have so far written 37 scientific papers accepted for publication in
international journals, with around 2500 citations so far, with 4 papers
within the top 4% of citations for a particular year (1988, 1998, 2005,
2006).
I have presented my research as invited oral presentations at over 100
international and national scientific meetings, and presented more posters
than I can remember.
I used to work at the John Innes Centre, Norwich, UK where I managed
research laboratories for nearly 30 years and was deputy head of
department for 5 years.
I trained in organic chemistry. However, I have done research in: organic
chemistry, biochemistry, plant physiology, quantitative genetics,
hydrology, agro-economics, rural development, and education.
I have been a visiting Professor at Newcastle University, UK for around 11
years (Schools of Biology and Agriculture and, currently, Business School).
I teach a longer version of this course (40 h) to year 1 PhD students at
Faculty of Biology, Belgrade University (2009-present).
However, I never give exactly the same information twice, so every course
is slightly different!
I retired from the JIC in 2001 and now live in Belgrade (Brain Gain!).
I worked for 3 years for the Ministry of Science, Serbia to help scientists
succeed with project proposals, and also gave regular academic research
skills training courses.
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TIMETABLE (Wednesday 9 Dec 2015)
09:30-11:30 Principles of good quality research
11:30-12:00 Refreshment break
12:00-13:00 Scientific writing skills
13:00-14:00 Lunch break
14:00-15:00 Scientific writing skills
15:00-15:30 Refreshment break
15:30-16:30 Making attractive poster presentations
16:30
End of the day
What is your PhD all about:
[Taken from:
http://matt.might.net/articles/phd-school-inpictures/]

Imagine a circle that contains all of
human knowledge:

By the time you finish basic schooling,
you know a little:

By the time you finish middle school, you
know a bit more:
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With a bachelor's degree, let’s
say you specialise in biology:

Starting your PhD and reading research
papers in a topic takes you to the edge
of human knowledge:

For a PhD you push at the boundary
doing research:

A master's degree deepens
your knowledge of a subject:

Once you're at the boundary, you
focus on the research topic:

Until one day, the boundary
finally gives way:
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What is your PhD all about:
[Taken from: http://matt.might.net/articles/phd-school-in-pictures/]

And, that little bump, that new knowledge
you've created is called a PhD:

So, the purpose of a PhD is to create new
knowledge.

The purpose of all research is to create
new knowledge.

Keep pushing if you want to continue with
a career doing research.
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This is the most important graph in
your life!
Everything you need to know is in
this slide.
However, it comes in many different
formats, as you will see.
Research philosophy 1:
Your PhD course should be about learning how to create new
knowledge.
But you need to understand what is meant by new knowledge: is it new; is
it genuine?
To understand whether knowledge you create doing research is new and
genuine you need to learn how to think like ....
Sherlock Holmes!

Research philosophy 2:
What words characterise the way Sherlock
Holmes solved his crimes?
He used:
- logic,
- intuition,
- analysis,
- deduction,
- reasoning,
- observation,
- listening,
- objectivity.
Research philosophy 3:
Observe everything, even the smallest detail.
Never take anything for granted.
Don’t jump to conclusions.
A key component to becoming a successful researcher is
- knowing how to think logically
- to develop an idea logically,
- to interpret your data logically,
- to put your thoughts down on paper logically,
- to communicate your work logically to others (in written and oral forms).
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Research philosophy 4:
Another key component to becoming a successful researcher is
- never believing anything on principle!
That means:
- don’t believe anything anyone tells you,
- don’t believe any of your research/experimental data,
- don’t believe you have got the right answer,
- the “default” setting should be don’t believe
anything unless proved to your satisfaction!
So, that means don’t believe anything I tell you!

Principles of good quality research
How much do you believe that politicians give the truth?
How much do you believe that internet websites give the truth?
How much do you believe that the media give the truth?
How much do you believe scientific journals give the truth?
What makes the difference between the reliability of (the truth of) information
from a scientific journal and from the media or web sites, and politicians, for
example?
Information in scientific journals is likely to be more true because of the
peer review process.
The peer review process:
Other scientists experienced in your area of research check the quality of your
research.
This part of the course will help you to do peer reviewing of your own
research to check the quality of what you are doing.
So, advice on good research!
Why do we do a particular piece of research?
To answer a particular question.
When should we believe the answer?
When we know it’s the truth!
Doing research:
• Doing research is not just about doing experiments and collecting data.
• You need to know whether you can believe those data.
• You need to know whether they answer your questions.
• You need to know whether you are asking the right questions!
• You need to know there is no alternative explanation for what you have
found.
• You need to know whether the answers tell you the truth.
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This is what it means in relation to your research:
Research to create new knowledge

You push at the boundary for a few years
doing research:
Until one day, the boundary finally gives
way:
And, that little bump, that new knowledge
you've created is called a PhD.
But the new knowledge that your
research created is genuine only if you
know it is the truth!
Here’s a little experiment:

What is this?
What is this?

What is this?

What is this?

What is this?
Be careful when you think you have found the truth!
As scientists doing research, there may frequently be no absolute truth
where you can make the statement
“This is the truth” [This is an ashtray].
Instead, you should use your judgement to decide when to say
“This is the truth”, or whether you should say
“This looks like the truth” [This looks like an ashtray] or
“I believe this to be the truth” or
“I think I’ve got as close to the truth as I can get.”
Or perhaps, as frequently happens:
“I forgot to consider that, so maybe it’s not the truth!”
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So, the aim of research is to find the truth.
Therefore, research is like a court of law!
Here’s how a court of law would find the truth:
The case of the Canadian Cheese Burglar!
Int J Legal Med (1999) 112: 201–203

Case circumstances:
Two suspects were caught within 12 h of a robbery and were found to be
in possession of articles taken from a private residence.
The suspects claimed they were innocent of any crime.
Although evidence showed that the suspects possessed stolen property,
there was no evidence connecting the suspects to the crime scene.
With the help of the home owners, police recovered a small piece of
cheddar cheese from the scene within 36 h which showed bite marks,
and human DNA was recovered from saliva on the bite marks.
Here is the cheese at
the centre of
this case:
Cheddar cheese
Police got blood samples from the two suspects, and DNA was extracted
from the blood.
Here are electropherograms comparing DNA recovered from saliva on
the cheese (upper traces) with DNA from one of the suspects (lower
traces) using markers for 10 human DNA sequences.

DNA collected from the cheese and suspect was identical at every position.
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Markers for 10 DNA loci (chromosome locations) gave identical results
for DNA taken from one of the suspects and from the cheese bite marks.
Calculating the frequency of this genotype in the Canadian population
gave 1 chance in 1.59 x 1014.
That is 1 person out of 159000 billion people.
With a world population for July 2015 estimated to be 7,255,920,953;
say, 7.3 billion now, that is about 22500 times the entire population of
planet Earth!
http://www.census.gov/popclock/

That is a highly significant result!
So, the DNA from both the surface of the cheese and the suspect
was identical.
So, here was the truth.
So, just like the court case of the Canadian cheese burglar, you have a
lot of responsibility to get it right!
- to identify the truth about what really happened.
However, the truth may not always be easy to find, and the truth may not
always be what you think it is!
When you do research, your search for the truth must take first
priority.
If you don’t, you will have difficulty publishing your work in good
quality peer-reviewed international journals and your career will
suffer!
So, just like a court of law, you have a lot of responsibility to get it right
when doing research!
If you don’t, your research career will suffer!
You should compare yourself not just with a court of law, but with
all the participants of a court trial.
When doing research you are:
♦ Counsel for the prosecution
♦ Counsel for the defence
♦ All the expert witnesses
♦ The judge and (in the UK), also
♦ The jury that decides guilty or not guilty
- all at the same time!
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Looking for the truth starts even before you begin designing your
research activities.
And every step in the research process presents new challenges
of finding the truth.
 Have I asked the right research question?
- is it the ‘true’ question to ask?
 Have I designed the research the right way to answer the question?
- will it give me the ‘truth’ for an answer?
 Have I collected information that I can believe?
- have I got information that is the ‘truth’?
 Have I analysed all the information the right way/the best way?
- have I chosen a method to give the ‘truth’?
 Have I interpreted the analysis the right way?
- will I get the ‘truth’ to answer my question?
The key to getting to the truth of your research is to consider all
the “factors”.
factor |ˈfaktəәr|
noun:
A circumstance, fact, or influence that contributes to a result or
outcome : his legal problems were not a factor in his decision |
she worked fast, conscious of the time factor.
Thus, the more you can take account of all the factors, the closer
you get to the truth.
So, the more you can take account of all the factors, the better
the quality of your research (and more easy to publish).

Thus, this picture took into account a
factor (angle) that the other one didn’t.
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You can get to the truth of your research only if you can identify, and
establish the relative importance of all the influences on the research/
experimental subject: all of the factors.
factors
Conceptually, research will generally
be carried out in one of two forms.

Here is the first form:

The objective of the research is to
identify and quantify all the factors.
The second type of research is studying the consequences of some
defined change/difference in the subject of study.
Here the objective of the research is to determine the consequence(s)
of a change in these defined factors.

at state
one

at state
two

control

treatment

Factor E
(treatment)

How or why
does this differ
from the state on
the left side?

Here is an example of the second type of research illustrated
schematically for an experiment on plants, to study the consequence of
changing one factor (treatment):
This is what you want your research to achieve:
So, here is that figure again.

Your research
Knowledge
“State-of-the-art”
start
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But if you don’t take account of all the factors:
This is what your research will look like:

?

Your research
Knowledge

So, what is
the truth
about your
increase in
knowledge?

“State-of-the-art”

start

finish

Results from your research that you can’t publish!
So, if you don’t think carefully enough about all the factors that might
have an influence on your research (subject of study), then you won’t get
to the truth of what happened/what is happening - results you can’t
publish!
Here’s a real example - a current Ministry Technological Project in
which I am a partner:
Over 6 months (2010-2011) was spent accurately measuring sugars
extracted from field-grown wheat plants.
In June 2012, I was told that many plants were left [under stressed
conditions] in the lab (a major factor influencing sugar contents) for
up to 24 h before drying samples for sugar determination - and noone recorded which plants they were.
Result: lots of data that can’t be published!
The quality of your research will be determined by how good you are at
identifying and either quantifying or removing the effect of all the other
factors that could influence your results.
So, how do you identify all these factors for your research to get as close
to the truth as possible?
You identify these factors in various ways:
You were taught them as an undergraduate.
You found out about them from the literature.
Someone else told you about them (supervisor?).
You gradually got the skill to recognise them.
You think there could be others you need to test.
You test these factors by setting up hypotheses.
Good quality research is based on answering questions in the form of
hypothesis testing.
A dictionary definition of Hypothesis [n]
A concept that is not yet verified but that if true would explain certain facts
or phenomena.
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Here’s how it would work You start by asking a question. For example: Why does the occurrence of
diatoms in the river Ebro vary from one month to the next?
You set up a hypothesis and then design your research/an experiment to
test this:
Hypothesis: temperature and water quality are important factors
determining reproduction.
Testing your hypothesis then becomes the objective of your
research/experiment.
If your hypothesis requires you to test the consequence of varying a
particular factor, then keep other factors constant.
Changing more than one factor at a time could invalidate your test of
the hypothesis.
There was research in Serbia in the 1990s to test the effect of various
fertilisers on maize growth with trials replicated for several years, but
every year they used different maize varieties!
Hypothesis:
Decreased water availability initiates ABA* synthesis and hence
modifies gene expression via an ABA-mediated signalling pathway
Let’s look at this hypothesis in more detail ...
So, a hypothesis has been put forward for testing as part of the
research project:
stress increases ABA concentrations, and this ABA change then
modifies gene expression.
[* ABA (abscisic acid, abscisinska kiselina) is a plant hormone that is
produced when plants are water stressed]

The hypothesis tells you what you need to look at (factors to quantify):
- varying the availability of water
- measuring ABA concentrations
- aspects of gene expression
The project will look at varying the availability of water as a treatment,
[- suitable amounts of water for plants will need to be considered.]
then look at the consequences of this in terms of ABA production.
[- decisions will need to be made on where to measure ABA and
when.]
Finally, some aspects of gene expression will need to be studied.
[- decisions will need to be made on which genes and when to
measure gene expression.]
However, this last point raises a critical additional question:
How will you show that the gene expression is due to a change in
ABA synthesis and not a direct effect of water stress itself?
The key is designing the experiments to ensure that there can be no
other explanation that would invalidate the test of your hypothesis.
i.e. to tell you the truth of what happened.
• Only then will you know whether your hypothesis is right or
wrong!
This leads to ...
Good Research LOVCEN 9 December 2015
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Think of an experiment
to test it
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When planning your research, I recommend you start at the end!
What do you want to do with results once the research is
completed?
Targeting a good quality international journal in your subject area will
help you to achieve the best quality research.
What research design, data collection, quality control, statistical
methods, etc. will be needed for publication in this journal?
So, maybe your research should start by deciding where you want to
publish the results, as that will determine the quality.
Here’s an example from a manuscript recently submitted for publication
which illustrates a consequence of poor research design:
“In the present work, ... germination was observed in all seeds treated with GA3 ...
(Table 3). This result allows [us] to draw a clear conclusion that treatment with
GA3 had some effect on S. scardica seed germination.”
Well possibly but no medium had GA3 alone:
Medium

GA3 (mg/L)

Casein hydrolysate
Seed
(mg/L)
germination (%)

MSG0

0

0

30.9

MSG1

25

500

61.6

MSG2

50

500

76.3

MSG3

100

500

87.8

Targeting a good quality international journal in your subject area will
also help you to identify the scale of resources you will need.
Ask yourself - what scale of research will be needed for a publication
in this journal?
If the scale of the research you can carry out is not large enough for you to
publish in a good quality journal, why are you planning to do it?!
Problems in the availability of resources needed to publish your
research in a good journal may be overcome by collaborations.
Therefore, consider setting up research collaborations wherever
possible.
A good research project also has to take account of four key
components:
- the scale of the project
- the cost of the project
- the time available for the project
- the quality of the results.
Each of these factors depends on the others, so they can be considered
as a research pyramid …..
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The Research Pyramid

You need to adjust Scale,
Cost and Time to maximise
Quality
Note that the line joining Quality to Cost is dashed.
In fact Quality doesn’t always depend on Cost!
Let’s look at Scale:
This is a frequent problem in the biological sciences here, because of
lack of resources (which usually = lack of money!)
Molecular biologists will often be happy with three replicate samples
[enough to calculate SEs]!
You change just 1 factor and keep all others constant.
Ecologists may need to collect tens of samples to monitor water purity
in a river catchment area.
Water quality along a river can be a very variable factor.
In human biology, several hundred replications may be needed for
questionnaires to study health risks.
Working with people, lots of background factors vary.
Many thousands of replicates (patients) may be needed in the medical
sciences to test the effect of a particular gene or drug treatment.
Working with genes, 1000s of background factors vary.
I shall now take you through a research cycle to look for the truth
at each stage ...
Hypothesis - Design - Carry out - Analyse - Deduce
An exercise in looking for the truth:
So, it’s your turn to do some work to set up hypotheses and to
think about factors important for good research design.
We’ll start with a research question, then turn it into a hypothesis.
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Let’s say you are a conventional farmer in a rural community somewhere
near Šavnik.
You wonder whether it would be worthwhile to convert to organic
production, but how often do people in Montenegro eat organic food at
the moment? That is the first question that occurs to you.
 Have I asked the right research question?
- is it the ‘true’ question to ask?
So, let’s start with the question.
Is this the best question for the farmer to ask?
OK, now turn that research question into a hypothesis to test:
You aim to design your research to test this hypothesis as effectively as
possible to get as close to the truth as possible.
For example, if the question is:
How many people in Montenegro eat organic food?
That could be developed into the following hypothesis:
Hypothesis: Not many people eat organic food at the moment
but there is sufficient demand to make it profitable for me to
grow organic arable crops.
How would you test this hypothesis to get as close to the truth as
possible?
Let’s assume a questionnaire is designed.
What questions are you going to ask?
So, who are we going to ask?
How are we going to select them?
What are we going to ask them?
How are we going to ask them?
Where are we going to ask them?
When are we going to ask them?
How many are we going to ask?
What factors need to be considered for each of those questions
above?
What factors will influence their answers?
This will influence how you prepare your questions.
Give me some suggestions ....
Think about carrying out a risk analysis.
What is the risk of getting unreliable answers?
Something similar to this was done recently in Ex-Yu countries, to test the
following hypothesis:
[Hypothesis: Because of their similar economies and cultures, people in
Serbia and Bosnia eat similar quantities of organic food on a regular
basis?]
This was the FP7 project Focus-Balkans, and a questionnaire was
designed to answer this.
For Focus-Balkans the English wording said:
How often do you consume organic food?
Here (on the next page) are the results from asking over 500 people this
question in both Serbia and Bosnia:

Good Research LOVCEN 9 December 2015

17

How often do you consume organic food?
Bosnia
44%

Results by country:
Serbia
37%

24%
Serbia
Bosnia
11%

Once/day

Once/week

Once/month Rarely/never

So, the hypothesis is wrong! Is this the truth?
Could you (would you) publish these results?
What factor(s) might have caused the difference between Bosnians
and Serbs?

How often do you consume organic food?
Bosnia
44%

Results by country:
Serbia
37%

24%
Serbia

Bosnia
11%

Once/day

Once/week

Once/month Rarely/never

Good Research LOVCEN 9 December 2015

18

Here is the intended wording read to respondents before asking them how
often they consume organic food:
“In any case I will now explain a little bit about what organic food actually
means and I will give you a few examples.
Organic food is produced without adding pesticides, fertilizers, genetically
modified organism and any other chemicals. The examples are: organic
bread, honey, organic fruit and vegetables. Organic food has to have an
organic label, certification from the official relevant institution.”
The version that was actually used translates as follows: “Organic food has
the label organic, certification by the official authorised institution.”
First, people were asked to say what they understood by organic food:
How would you personally define the term
“organic food”?
Organic food is produced...
on the family farms with the traditional
techniques of production.
without using the genetically modified
organism.
without adding pesticides, fertilizers and any
other chemicals.
according to procedures and techniques that
are defined by the law about the organic
production.
provides the health to the people; contribute
to the environmental protection and animal
wellbeing.
Refusal
Total

BIH

Serbia
Count

% total

Count

% total

93

18.0

126

24.4

49

9.5

59

11.4

252

48.8

249

48.2

71

13.8

42

8.1

51

9.9

41

7.9

0
516

0
100

0
517

0
100

Results almost identical for both countries!
What statement do you think most people would chose?
Would the order in which statements were asked be important?
Here is a comment of a Focus-Balkans partner from Newcastle University
(Matt Gorton) on the English wording:
.....
e) On organic questions you may want to think about always referring to
'certified organic'. A colleague of mine did some work in Romania where
peasant households often regarded the food they produced themselves as
organic (biologic) but it was not certified and could not be marketed as
such.
.....
Unfortunately this comment was ignored in the final questionnaire.
So, can the results be published?
Therefore, after establishing hypotheses you do quality control of your
research design.
For a questionnaire [e.g. Focus-Balkans] it is essential to carry out a risk
analysis of the wording of questions.
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Is there a risk that the wording of questions, or the order in which you present
multiple choice questions, or the way you ask them, etc could bias (influence)
your answers?
How many of you would think of doing a risk analysis before starting an
experiment?
Dragan did!
Dragan!
So, assuming you are asking the right question:
The factor that influences most the quality of your research is the
design of the research.
The more time you spend planning your research to ensure good
research design, the more likely you are to identify all the factors to
control/ measure, and the closer you will get to the truth*.
* And the closer you get to publishable results!
Good research design and careful planning before starting your
research/ an experiment avoid a lot of pain afterwards!
- get this wrong and you waste your time!
Let’s go further through the research cycle to look for the truth at other
stages ...
Design - Carry out - Analyse - Deduce
Design: Looking for the truth - that’s now done - we did this in the
exercises
What about looking for the truth once you’ve started your research and
are carrying it out?
Carry out: Looking for the truth.
How often have you said to yourselves either during or after a piece of
research:
“I should have thought of that” or “I forgot to do that”?
Good research is based on avoiding having to say the comment
“Oh, bother [or suitable Spanish equivalent]! I didn’t think of that”
or your supervisor, or worse still, a reviewer of your manuscript saying “Why
didn’t you think of that?”.
Even now, when writing up experiments for publication I sometimes find myself
saying “It’s a pity I didn’t measure that!”
Carry out: Here’s an example of a problem that could occur while the
research is in progress.
This is an example of the second type of research illustrated schematically for
an experiment on plants, to study the consequence of changing one factor
(treatment) - demonstrating observation skills:
not thinking to pair plants between your treatments effectively.
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Control

Treatment

Fertiliser

Light intensity

or
unnoticed factor]

Water availability Temperature

If diseased plants are mainly given the treatment and healthy plants are
mainly the controls, then you don’t get the truth!
Note that this principle (philosophy) will be the same whatever the subject
of the research: biology, entomology, epidemiology ..
Carry out: Quality control of your methods - 1
• Good research design (already discussed):
- controlling all the factors causing variability.
• Good planning in advance (resources/timing):
- list everything that needs to be done in advance.
• Good record keeping (a research notebook):
- write up detailed notes of what you did each day.
• Good observation skills (e.g. seeing disease):
- note everything (planned or unplanned) that might influence the results
of your experiment.
Quality control in research laboratories is “light years” away from quality
control needed in an accredited commercial laboratory.
Good record keeping - very important:
How many of you collect data using loose sheets of paper?
How many of you write up your experimental notes the same day?
Will you still be able to understand and interpret what you wrote in a year’s
time?
How many of you get your notebooks signed and validated on a regular
and frequent basis?
Analyse: Looking for the truth from your data.
Before you can do any analyses or statistical tests you must do quality
control of your collected data.
Can you believe all the numbers and information collected while
carrying out the research?
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If there are mistakes in your dataset, then you won’t get the truth from
your analyses.
Quality control of your data - 1
- if you make a mistake when writing down a measurement, make sure
you correct it in a way that is legible to you and to others.
What is the truth from these data?

These were numbers written by previous course participants!
Quality control of your data - 2
- form a judgement beforehand on the sort of mean values that would
be realistic for your dataset.
- in this way, you are more likely to recognise a value/mean that is a
mistake (a number misread when entering into the computer, or a
decimal point missed out).
Analyse: Quality control of your data - 3
Here’s a histogram of a dataset entered into Excel™:
This example illustrates errors with the decimal point: “,” instead of “.” for no.
7 and “.” missed out from no. 16.
200
160
120
80
40
0
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17

Note that errors can very easily occur with Excel™ if you copy and paste or
move columns of data that contain a formula and not values.
If you copy/paste columns or insert/delete columns of data containing a
formula, always click on a cell containing the formula and then click in
the formula bar to check.
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Quality control of your data - 4
Click here:

Then click here:

This puts
coloured boxes
around cells
used for the
formula.

Quality control - Fraudulent results:
The slippery slope of manipulating your data!
Fraud involves deliberate deception, including the invention of data, and
the omission from analysis and publication of inconvenient data.
Good quality researchers will always respect scientific ethics. Ask yourself
the question “If I change any of these data shall I get closer to or further
from the truth?”
How often do researchers falsify their data?

www.plosone.org May 2009 | Volume 4 | Issue 5 | e5738

Conclusion: many scientists do!
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Looking for the truth once you have finished quality control of your
data …
Analyse: Looking for the truth.
Knowing how to analyse your data is crucial to all research, but there’s
more than one way to “skin a cat”!
Choice of appropriate statistical method is the key:
Parametric (large sample sizes, normal distributions)
Nonparametric (small sample sizes, non-normal distributions)
A selection of typical parametric methods:
Appropriate for samples from normal populations:
Means and standard errors
t-test (two-sample, paired two-sample)
ANOVA (one-way, two-way, with/without replication....)
Chi-square test (contingency table)
Regression (linear, non-linear, multiple)
Correlation (Pearson r, two-variable, multiple)
PCA (Principal Components Analysis)
A selection of nonparametric tests:
Appropriate for small sample sizes and non-normal data:
Methods typically based on rank order Mann-Witney U test
Kolmogorov-Smirnov two-sample test
Wilcoxon matched-pairs test
Spearman R correlation coefficient
Cochran Q test
Fisher exact test
Some Commonly Used Statistical Tests Compared
Normal theory based
test

Corresponding
nonparametric test

Purpose of test

t-test for independent
samples

Mann-Whitney U test;
Wilcoxon rank-sum test

Compares two independent
samples

Paired sample t-test

Wilcoxon matched
pairs signed-rank test

Examines a set of differences

Pearson correlation
coefficient

Spearman rank
correlation coefficient

Assesses the linear association
between two variables.

One way analysis of
variance (F test)

Kruskal-Wallis analysis
of variance by ranks

Compares three or more groups

Two way analysis of
variance

Friedman Two way
analysis of variance

Compares groups classified by
two different factors

The subject of appropriate statistics is too extensive to consider in detail here.
http://www.statsoft.com/textbook/ is a good website:
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Here is an example page from the website:

Another excellent statistics website, where you can also do many of your
statistical tests online, is illustrated on the next page:
http://statpages.org
Another excellent statistics website is:
Simple statistics explained: http://www.statisticshowto.com
This statistics website has several videos demonstrating simple statistical
tests.
For example: how to calculate LSD from ANOVA, at this web address https://www.youtube.com/watch?feature=player_embedded&v=ZRX4lFtMboo
Also a video on how to do ANOVA two-factor with replication at:
ANOVA Two-factor with replication https://www.youtube.com/watch?v=0BirE9K05i0
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Deduce: Conclusions
Think to yourself - what would Dragan do?
So, if you think carefully about all the points I’ve described and spend
enough time at the start planning to identify:
- all the factors to account for/control in your research
- all the other factors that might invalidate your results
- all the degrees of replication that will be needed to test a particular
level of significance
- all the sources of error, and how to reduce them
- all the quality control necessary of your datasets
- all the statistical comparisons you need to make
- all the problems and things that could go wrong (!), then ...
you are likely to have a well-designed experiment that will give good
quality results, which will give you
- a valid test of your hypothesis (answer to your research question)
- a sound basis upon which to develop ideas on what to do next:
forming your next hypothesis
- but crucially: access to the TRUTH!
- and that will give you:
- something worth writing up for a good quality publication
- and that’s what good quality research is all about!
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you are likely to have a well-designed experiment that will give good
quality results, which will give you
- a valid test of your hypothesis (answer to your research question)
- a sound basis upon which to develop ideas on what to do next:
forming your next hypothesis
- but crucially: access to the TRUTH!
- and that will give you:
- something worth writing up for a good quality publication
- and that’s what good quality research is all about!
- as demonstrated here .....
This is what you want to achieve!
Dear Dr. Ilona Czyczyło-Mysza,
We are pleased to inform you that your submission "Quantitative trait
loci for leaf chlorophyll fluorescence parameters, chlorophyll and
carotenoid contents in relation to biomass and yield in bread wheat and
their chromosome deletion bin assignments" [One of my papers in
2013] has been accepted for publication in
Molecular Breeding.
Something worth writing up for a good quality publication - tomorrow.
To finish this part of the course, here is a collection of web addresses that
may be of interest/help to you:
http://www.pubmed.com
http://www.scholar.google.com
https://scifinder.cas.org
http://www.scopus.com
http://thomsonreuters.com/web-of-science
http://www.researchgate.net
http://www.academia.edu
http://www.biomedexperts.com
http://academic.research.microsoft.com
http://publicationslist.org
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