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What is research?

Research is simply the process of finding solutions to problems
after a thorough study and analysis.

[t comprises a series of well-thought-out and carefully executed
steps that are designed with the goal of finding an answer to a
certain question.

So, the 1%t step in any research is to identify as clearly and
specifically as possible a problem that needs to be resolved.

Once a problem is clearly defined, we can gather information, do
experiments if necessary and analyze the data to come up with a
decision/solution.



“If | knew what | was doing, it
wouldn't be called REsearch”.

— Albert Einstein
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What is research?

Research is what we do when we have a question or
a problem we want to resolve

We may already think we know the answer to our
guestion already

We may think the answer is obvious, common sense
even

But until we have subjected our problem to rigorous
scientific scrutiny, our 'knowledge' remains little
more than guesswork or at best, intuition.




“Science, in the very act of
solving problems, creates more
of them”. — Abraham Flexner
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Basic Vs. Applied research

Basic: when the solution to a research problem has no
apparent application to any practical problem in the world,
but only is to generate a body of knowledge to satisfy the
scholarly interest of the researcher

Applied: when the solution to a research problem does
have practical consequences e.g. a disease needs therapy

People value both types of research

The pursuit of knowledge for its own sake to know more
and understand better is one humanity's highest calling
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The Scientific Method as an Ongoing Process
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The research process
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The scientific method involves 7 steps:

1. Make an observation/identify a broad problem area

2. Define the problem statement that includes the
general objective(s) and research question(s)

3. Gatherinformation/literature search
4. Make a quess/develop hypotheses

5. Define methodology and do the experiment
6

/

. Data collection and analysis
. Data interpretation/make conclusions




1- Make an observation

“Men love to wonder, and
that is the seed of science.”
— Ralph Waldo Emerson




2- Define your problem statement and

formulate a research question




The process of addressing a practical problem
typically looks like this:

* Practical problem: virus causes disease

* Research question: how can | stop it from causing
disease?

* Research problem: | don’t know if there is a
chemical compound that can do this job for me and |
need to find a way to screen compounds

* Research answer: compound X is effective
* Application: treat disease



Research : why questions

< Research goes beyond description
and requires analysis

+»* Research looks for explanations,
relationships, comparisons,
predictions, generalizations and
theories




Steps for addressing a problem

Practical
problem

Research Research
answer question

Research
problem




Practical Vs. Research problem

* A practical problem: a condition in the world that makes
us unhappy because it costs us time, money, pain, etc. =
A problem that a normal person tries to avoid

* Aresearch problem: incomplete knowledge =
A problem that a researchers would seek out or invent if

necessary! If he has no research problem to work on, he
has no job!




“Student: Dr. Einstein, Aren't these the
same questions as last year's physics
final exam?

Dr. Einstein: Yes, but this year the
answers are different.”

— Albert Einstein




What is a problem statement?

* Aproblem statement addresses both the “why” (the specific
aim or purpose of the study) and the "what” (the central
research question or a set of questions) of the research

* There are three key criteria for a good problem statement; it
should be:

a) relevant
b) feasible
c) Interesting



A problem statement is relevant if:

1. Nothing is known about a topic; you
will have to prove that your claim is
right!

2. Muchis known about the topic, but

the knowledge is scattered and not
integrated

3. Muchresearch on the topic is
available, but the results are (partly)
contradictory




A problem statement is feasible if:

* You are able to answer the research
questions within the restrictions of the &
research project (time, money and know- &
how)

* (arve out a research question that you
can answer!

* Bearin mind that no one can solve a
problem in a 10-page paper; your paper
will help us better understand the
problem and gets us closer to a solution!




Why your problem statement should be interesting?

» Research is a time-consuming process
and you will go through many ups and
downs before you present the final )
version of your research report \

+ Itistherefore vital that you are =

genuinely interested in the problem
statement you are trying to answer, so
that you can stay motivated throughout
the entire research process



Formulate a strong problem statement

+  Start by asking: so what? What makes this research worth doing? Why
should my research question grab the attention of my audience?

* You can work toward a problem statement in 3 steps:

1. Name your topic: | am trying to learn about/study
2. Add a question (to yourself):
v lamstudying ... because | want to find out how or why

3. Motivate your question (to others):

v The answer to my question will solve a problem that is significant to a
wider community of readers

v If this problem was left unresolved = trouble



“Research is to see what everyone
else has seen, but thinking what no
one else has thought.”

— Albert Szent-Gyorgyi
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3- Gather information/Literature search




What Is literature?

+ Literature -the body of knowledge available to you or what
is already known and written down that is relevant to your
research project.

+ Aliterature review is a process that involves the identification

of published work on the topic of interest, the evaluation of
this work in relation to the problem, and the documentation

of this work.



Examples for resources

Journal articles

Text books

Theses

Conference proceedings

Academic databases

Government or business reports
Encyclopedia (in print, not Wikipedia!)
Internet



Be extra cautious when using the internet!

* Internetis unrequlated!

* You can obtain material that can help you in
formulating your research question, but very
hard to find reliable sources for serious research!

» Always prefer a printed source, unless it is an
online journal or supplement.

* Google scholar can help you with academic
iterature.




Criteria for selecting sources:

Screen your sources for reliability
s it relevant to your hypothesis?

s it published by a reputable press?
Peer-reviewed?

Author reputable?

Source up-to-date?



3 uses for resources:

1. Readfora problem: if you are having trouble formulating a
research problem or question. Look for inspiration. Look for
gaps in knowledge, unresolved issues or new lines of
research.

2. Read for an argument: when you see how other researchers
address similar problems, you can learn how to address
yours too.

3. Read for evidence: find data that you can use to support
your claim.



A literature review ensures that:

1. Putyour research into context

2. You do not run into the risk of “reinventing the
wheel”

3. You look at your problem from several angles

4. You didnt miss an important variable
5. You know the research methods

Don’t reinvent the wheel!




Read critically!

You don't have to agree with the
conclusions in a source!

Don't accept a claim just because it is

mentioned in a paper published in a
respected journal, particularly if the

claim isn't well supported. People can
sometimes misinterpret their own data!

Look for weaknesses in other researchers
arquments; yes nobody is prefect!

Get the context right!




4- Hypothesis development

* Ahypothesis can be defined as a
tentative, yet testable

statement. which preé icts what Hinn...based on what | know abou

! , speciation and other examples like

you expect to findin your this, I'd hypothesize that the alpine

" species is a hybrid between the two
empirical data. secies from lower clevaions

+ Ascientific hypothesis must

meet two requirements: testable
and falsifiable.

* By testing the hypotheses, it is
expected that solutions can be
found to correct the problem
encountered.
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5- Define methodology & do the experiment







What your research supposedly
looks like:
-

Data Data Acquisition

_.l.,- i

Controller

PO Computer

Figure 1. Experimental Diagram

What your research actually
looks like:

Figure 2. Experimental Mess

SORGE CMAM © 2008
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= Prepare for your experiment:

1. Materials list.

2. step-by-step procedures
Instructions.

3. data chart, tables &
observations.




=Define Your Variables :

= Variables are anything that
might impact the outcome of
your study.

= Types :

1. Independent variables
2. Dependent variables
3. Controlled variables




= Standardize Your Procedures




=Follow The 3 Principles of Experimental design

(1) Randomization:

Every experimental unit
have the same chance.

(2z) Local control :

Control of all factors
except the ones
about which we are
iINnvestigating.

(3) Replication :




6- Data collection and analysis




"Data
Facts gathered through your observations.

" Analyze :
Look for patterns.

Make a picture (graph) with your collected
data or write an analysis.
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Errors 1!

Obscure Error B

!S Error: The error message you tried to display is too incomprg
[ !

Please try something more human-readable. 6 The program at 0x0f43dfSa referenced memory at 0x00000000. The memory could not be 'read'.

Press OK to terminate the application.
Press Cancel to debug the application, which you probably won't do.

Critical Error g|

Microsoft Corporation

ncel

sage is a stub. You can help Microsoft by expanding it. Q An error has occurred while trying to display an error message. [eerr——" X

'z System report:
.

ecdhing ic fine Nothing is ruined.

Warning

Analysis result:

or Microsoft Word
You are pregnant. BE m
Retry j Ignore ¢ For the sake o a4 Not enough memory. Delete Windows to free memory? ( Eror 100:
[ a— S50k d Error 108
® MS Paint Error No |
Too many errors. Please close some error message boxes.
FOSOTT - [} Operation completed successfully, Q : <
An unh| . There must be something wrong.
g Continy
If you d Error 404: File not found.
Could
files\ud Not an error. For diversity. ] Internet Explorer will be terminated.
-
. Details Continue Quit ‘ 1 ) NOBODY EXPECTS THE SPANISH INQUISITION!!! - .
Microsoft Visual Cplusplus
e the end of this message for details on invoking -~

tin4ime (JIT) debugaing instead of this dialog box. T3h ultim®t3 spammOr 3xp3ri4nc3

| abnormal program termin
Exception Text == [ g
ﬂan.lODredorer;th:'ldException:Codd - N ultim®t3 spammOr 3xp3r14nc3
1t System 10.__Ermor WinlOEmor(int 32 emorC ol AN X —
ﬁsﬁg-gg}gm--gﬁmg g;‘:' e ‘ T3h ult1m®t3 spammOr 3xp3ri4nc3
3t kotor_tool.cisChitinKey_.ctor(String KeyPath

o T3h ultim®t3 spammOr 3xp3ri4nc3

YOU'VE GOT MAIL!!! CLICK OK TO OPE
@ 100% FREE MAKE MONEY FASE SCHEP




Types of experimental errors

Systematic

Instrumental

Environmental

Theoretical

Random

Observational

Environmental
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7- Data interpretation / Make conclusions

* Decide whether your hypothesis is
supported or not by the results.

* Hypotheses that are not supported
allow you to refine your theory by
thinking about why they were not
supported. You can then test your
refined theory in future research.

7



Conclusion

' It is a summary of what you've learnt.

Q-

" You examine your results to see if its ~ wm

support your hypothesis.
F 4

' If it doesn't you may need to go back fix
some problems in your experiment and
experiment again.



Part I
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Plagiarism

Plagiarism

 Thisis the worst thing that can happen to a researcher!
* Deliberate plagiarism is a crime!




What is plagiarism?

Plagiarism comes from the Latin word plagiarius,
which means kidnapper © (Menager-Beeley & Paulos,
2006).

Plagiarism can occur when copying, summarizing,
paraphrasing, or citing common knowledge (Roig,
n.d)., facts, ideas, and/or words without giving
credit

You cannot copy/past more than 1-2 sentences

If you want to use a figure/picture from somewhere

else:

— Get permission first
— Give credit



Unintentional plagiarism

* Sometimesitis done in good faith, out of carelessness, or out of
ignorance when you are not sure about what to cite, how and when

IGNORANCE OF THE LAW
TS NO EXCU$E‘




Plagiarism defined

* You plagiarize, intentionally or not,
when you use someone else’s
words, arguments or ideas without
giving credit to that person,
misleading your readers to think
that those words or ideas are yours




How to Avoid Plagiarism




Top 5 reasons to publish ethically

It protects life and the planet e
Publishing ethically ensures that we

have trusted information on which to

build future therapies, technologies,

and policies. Published work based on
fraudulent data can form an inappropriate

basis for follow up studies leading to

waste of resources and harmful effects to
patients, communities, or habitats.

i It promotes ethical behavior
It ensures scientific progress St tha anit s S
Truth is the foundation of science oy e rpn e b
e of ideas. Th example and reinforces our
i e e responsibility to our peers and
xcleitiic mmn’u_mty lhrive's oy society at large (who generally
:m;:d‘ P"‘ R pay for our work). Believing our
grity. actions won't make a difference
or are above the law can lead
those who don’t know better

into believing the same.

It's the only way

A good reputation and

acting with integrity opens It's good for your reputation

the door to opportunity. There's nothing like getting published and being able to
Your work represents not accept credit and accolades for a job well done. Do it the
only you but the research

right way. A published paper is a permanent record of
your work. Don't become part of the minority who end
up with a retracted paper and a tarnished reputation.

institution, the funding
body, and other researchers.

(Source: elsevier.com/ethics) el Cioxdl OS] gL dew ) puosdl Gl Y JSS



“Stay hungry, stay foolish”

Steve Jobs

THANK YOU!



Thank You

Dr. Mohab Abd-Alhameed Mangoud

Associate Professor of Wireless Communications
University of Bahrain, College of Engineering,
Department of Electrical and Electronics Engineering,
http://mangoud.com
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How to do good research, get it
published and get it cited!
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What Makes a Good Research Problem?

It is important: If you can solve it, you can make money,
or save lives, or help children learn a new language, or...

You can get real data: Doing DNA analysis of the Loch
Ness Monster would be interesting, but...

You can make incremental progress: Some problems are
all-or-nothing. Such problems may be too risky for young
scientists.

There is a clear metric for success: Some problems fulfill
the criteria above, but it is hard to know when you are
making progress on them.



Finding Problems/Finding Data

* Finding a good problem can be the hardest part
of the whole process.

* Once you have a problem, you will need data...

* As I shall show in the next few slides, finding
problems and finding data are best integrated.



Working with Domain Experts I

e Getting problems from domain experts might come
with some bonuses

 Domain experts can help with the motivation for the paper

— ..insects cause 40 billion dollars of damage to crops each year..
— ..compiling a dictionary of such patterns would help doctors diagnosis..

— Petroglyphs are one of the earliest expressions of abstract thinking, and a true hallmark...

* Domain experts sometimes have funding/internships etc

» Co-authoring with domain experts can give you credibility.



Working with Domain Experts II

- If | had asked my
customers what they
wanted, they would have
said a faster horse
N

Henry Ford

 Ford focused not on stated need but on latent need.

e In working with domain experts, don’t just ask them
what they want. Instead, try to learn enough about their
domain to understand their latent needs.

 In general, domain experts have little idea about what is
hard/easy for computer scientists.



Finding Research Problems

» Suppose you think idea X 1s very good
* Can you extend X by...

= Makmg 1t more accurate (statistically significantly more accurate)
= Makmg 1t faster (usually an order of magnitude, or no one cares)

— Making it an anytime algorithm

— Making it an online (streaming) algorithm

— Making 1t work for a different data type (including uncertain data)
— Making it work on low powered devices

— Explaining why it works so well

— Making it work for distributed systems

— Applylng 1t 1n a novel setting (industrial/government track)

— Removing a parameter/assumption

— Maklng 1t disk-aware (if it is currently a main memory algorithm)
— Making it simpler



Framing Research Problems I

As areviewer, I am often frustrated by how many people don’t have
a clear problem statement in the abstract (or the entire paper!)

Can you write a research statement for your paper in a single sentence?
* X is good for Y (in the context of Z).

* X can be extended to achieve Y (in the context of Z).
 The adoption of X facilitates Y (for data in Z format).

» An X approach to the problem of Y mitigates the need for Z.

(An anytime algorithm approach to the problem of nearest neighbor
classification mitigates the need for high performance hardware) weoeat. icomos)

If I, as a reviewer, cannot form such a sentence for your paper
after reading just the abstract, then your paper 1s usually doomed.

| hate it when a paper under review does
not give a concise definition of the problem

. . See talk by Frans Coenen on this topic
Tlna EhaSSl'Rad http://www.csc.liv.ac.uk/~frans/Seminars/doingAphdSeminarAl2007 .pdf



Framing Research Problems II

Y our research statement should be falsifiable

A real paper claims:

To the best of our knowledge, this is most
sophisticated subsequence matching solution
mentioned in the literature.

Is there a way that we could show this is not true?

Falsifiability (or refutability) is the logical possibility that an claim can be shown false by
an observation or a physical experiment. That something is ‘falsifiable’ does not mean it is

false; rather, that if'it is false, then this can be shown by observation or experiment

Falsifiability is the demarcation between
| science and nonscience

kj

Karl Popper




From the Problem to the Data

« At this point we have a concrete, falsifiable research problem

* Now is the time to get data!

By “now”, I mean months before the deadline. I have one of the largest collections of free datasets in
the world. Each year I am amazed at how many emails I get a few days before the SIGKDD deadline
that asks “we want to submit a paper to SIGKDD, do you have any datasets that.. ”

* Interesting, real (large, when appropriate) datasets greatly
increase your papers chances.

* Having good data will also help do better research, by
preventing you from converging on unrealistic solutions.

 Early experience with real data can feed back into the finding
and framing the research question stage.

* Given the above, we are going to spend some time considering data..



Is 1t OK to Make Data?

There 1s a huge difference between...

We wrote a Matlab script to create random trajectories

and. ..

We glued tiny radio
transmitters to the backs |
of Mormon crickets and |
tracked the trajectories




Where do I get Good Data?

From your domain expert collaborators:

From formal data mining archives:

— The UCI Knowledge Discovery in Databases Archive.
— The UCR Time Series and Shape Archive.

From general archives:
— Chart-O-Matic
— NASA GES DISC

From creating 1t( \ W o © /E»»Q»- . 3% ﬂ

— Glue tiny radio transmitters to the backs of Mormon crickets...

— By a Wii, and hire a ASL interpreter to...
Remember there 1s no excuse for not getting real data.



Writing the Paper

Make a working title

Introduce the topic and define (informally at this stage) terminology
Motivation: Emphasize why is the topic important
Relate to current knowledge: what’s been done
Indicate the gap: what need’s to be done?
Formally pose research questions

Explain any necessary background material.
Introduce formal definitions.

Introduce your novel algorithm/representation/data structure etc.

Describe experimental set-up, explain what the experiments will show

Describe the datasets

Summarize results with figures/tables

Discuss results

Explain conflicting results, unexpected findings and discrepancies with other research
State limitations of the study

State importance of findings

Announce directions for further research

Acknowledgements

References

Samuel Johnson

What is written without
effort is in general read
without pleasure




Important Words/Phrases 11

Complexity: Has an overloaded meaning in computer science

— The X algorithms complexity means it is not a good solution (complex= intricate )
— The X algorithms time complexity is O(n®) meaning it is not a good solution

It is easy to see: First, this is a cliché. Second, are you sure it is easy?
— Itis easy to see that P = NP

Actual: Aimost always has no meaning in a sentence

— Itis an actual B-tree -> Itis a B-tree
— There are actually 5 ways to hash a string -> There are 5 ways to hash a string

Theoretically: Aimost always has no meaning in a sentence
— Theoretically we could have jam or jelly on our toast.

etc : Only use it if the remaining items on the list are obvious.
— We named the buckets for the 7 colors of the rainbow, red, orange, yellow etc.
— We measure performance factors such as stability, scalability, etc. ~ No!



Important Words/Phrases 111

« Correlated: In informal speech it is a synonym for “related”
— Celsius and Fahrenheit are correlated. (clearly correct, perfect linear correlation)
— The tightness of lower bounds is correlated with pruning power. No!

« (Data) Mined

— Don’t say “We mined the data...”, if you can say “We clustered the data..” or
“We classified the data...” efc




Important Words/Phrases 1111

In this paper: Where else? We are reading this paper

From a single SIGMOD paper

In this paper, we attempt to approximate..

Thus, in this paper, we explore how to use..

In this paper, our focus is on indexing large collections..
In this paper, we seek to approximate and index..

Thus, in this paper, we explore how to use the..

The indexing proposed in this paper belongs to the class of..
Figure 1 summarizes all the symbols used in this paper...
In this paper, we use Euclidean distance..

The results to be presented in this paper do not..

A key result to be proven later in this paper is that the..

In this paper, we adopt the Euclidean distance function..



Use all the Space Available

d toe
teu T
) R
ag the Bew et
t
be st u Jeplomenneg
g o
Ao e Comple
rrwrenng «
Aads calak Vitolo aad C R
sally ™ pome
jro ¢
wen. Bood paserng. 208
Avea, M Youumats, sad R Yoo
e human § M ¢ JSAI
e wancas oo ¥
Bewsb i - Pl
ton-Moay G T -p
smave
Boben )" o
EE  lemerw e,
oty . A
Anmssce 10d
O ¥
v el (
s camag
H - r
s An e
beCaw
$ 07 rerimaz g zd
= O ¢ Thme
N e R
., sad naa
r

Some reviewer 1s going to look at this
empty space and say..

They could have had an additional
experiment

They could have had more discussion
of related work

They could have referenced more of
my papers

etc

The best way to write a great 9 page

paper, 1s to write a good 12 or 13 page
paper and carefully pare it down.



Avoid Weak Language I

Compare

.with a dynamic series, it might fail to give
accurate results.

With..

.. with a dynamic series, it has been shown by [7] to
g ive inaccurate results. (give a concrete reference)

Or..

.. With a dynamic series, it will give inaccurate
results, as we show in Section 7. (show me numbers)



Use the Active Voice

It can be seen that... We can see that...

“seen” by whom?

Experiments were conducted... ' We conducted experiments...

Take responsibility
The data was collected by us. = We collected the data.

Active voice 1s often shorter

YThe active voice is usually morej =
direct and vigorous than the passive SEa 2

William Strunk, Jr e




The most Common Problems with Figures

Too many patterns on bars

Use of both different symbols and different lines
Too many shades of gray on bars

Lines too thin (or thick)

Use of three-dimensional bars for only two variables
Lettering too small and font difficult to read
Symbols too small or difficult to distinguish
Redundant title printed on graph

. Use of gray symbols or lines

10 Key outside the graph

11.Unnecessary numbers in the axis

12.Multiple colors map to the same shade of gray

13. Unnecessary shading in background

14. Using bitmap graphics (instead of vector graphics)
15. General carelessness

Eileen K Schofield: Quality of Graphs in Scientific Journals: An Exploratory
Study. Science Editor, 25 (2), 39-41
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Eamonn Keogh: My Pet Peeves
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