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Preface
Compared to 5-10 years earlier, today, there is a lot of interest in the 

Indian academia – particularly in the engineering and technology 
disciplines – on research, thanks to initiatives from National Knowledge 
commission, AICTE and UGC. Recognising the importance of indigenous 
research competence, in the emerging era of knowledge society, and in 
an increasingly knowledge-competitive world, a lot of directives are 
now in force. These include recognition for hosting conferences in 
computing rating of institutes (and hence continuation of recognition), 
points for publications, need for PhD and publications for appointment 
(including promotions) for posts of associate professor and above, and 
so on. These have suddently put a lot of pressure to pursue PhD among 
the college faculty members.

Though a good move, in general, any effort to build up a culture 
through force has a negative side effect. Most of the IT engineering 
institutes in India, -- excluding a few such as IITs, and some NITs -- have 
hardly any senior faculty with PhD and research experience, nor do 
they have a research culture. This leaves the young faculty members 
who are eager to pursue research, with very little guidance and 
resources. Many have little idea of what research means. The situation 
is worse when it comes to publications – from the purpose of 
publication to what to write and what not to --- and also what to copy 
and when! Interacting with a number of such PhD candidates is the 
inspiration  behind building this little booklet, combining some of my 
thoughts.

Research means different things to different people. And hence, it is 
more than likely, that not everyone will agree with all the views 
expressed here. But, I hope this will help the budding researchers in 
charting their own course for research from topic identification and 
guide selection, to thesis writing. This note is not meant to be an 
exhaustive writeup on all aspects of research – perhaps a task too 
complex for one to attempt. There are also plenty of material on the 
web about doing research and PhD, about writing papers, etc. In some 
sense, this is another one in the pool – with its own focus. Mostly these 
are my personal views, and based on my experiences. And hopefully, 
therefore, more relevant to Indian scenarios.

Having said all that, I am still a researcher – yet to learn so much, 
staring at the wonders of the world, often wondering where to go next. 
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So, I would be happy to hear from you, your own experience about 
research, and your views about all that I have said here. E-mail them to 
me.

M Sasikumar
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1 Introduction  
The word research carries different meanings to different people. 

Almost everyone uses this term and associates some interpretation to 
it. Sometimes, even doing a plain web search is called 'research'. 
People learning about a new topic by searching through web material 
or library is also s o me t i m e s  put under this tag. Research is much 
more than this. It is a deeply reflective activity, and hence something 
healthy for everyone – like breathing fresh air or drinking clean water!

A common perception of research is to think of it as something for the 
super-intelligent. And if you see someone like that in a kurta, with a 
long beard and unkept hair, the image is complete – the true 
researcher. No concern for the worldly things! That is, simply, a far 
fetched image. Research has nothing to do with these, shallow 
elements. In this chapter, we will look at the various related 
dimensions of research briefly; this will give 
you a feel of what this note is about, and 
where to find more information on aspects of 
your interest.

At the core, research is about your mindset – 
a mindset driven by curiosity and a moderate 
degree of distrust. Something, we possess 
plenty as a little child, and lose rapidly as we 
grow up. Observe small children closely for a while, and you can see 
this yourself. Children are excellent researchers in this sense. And 
naturally, they learn and understand very fast. They find patterns 
without being told. Look at how they learn to phrase grammatically 
correct sentences, without being told anything about grammar. Look at 
how they learn to classify things, and myriad other things without any 
theory lectures. And also watch the number of questions they ask. 
They do not hesitate to tell you things as they understand, even if they 
are wrong according to us, and you patiently correct them. For us to 
ask a question to someone, we need to think so much, of what others 
will think of me, of whether the question is worth asking and so on. In a 
way, if you want to be a good researcher, observe small children. And 
that is also a good example, to refute the common silly notions of 
research mentioned above. We explore this aspect more in the next 
chapter.

Another way to look at research is the purpose. For children, there is 
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no specific purpose. They have no exams to pass; no papers to publish; 
no promotions at stake; no projects to be found; etc. But, for many of 
us, this is not true. You may be a student where your purpose is to 
understand a particular field or topic well (that is, scoring marks is not 
your objective; marks is meant to be an indicator of how much and how 
well you have learned.). As a researcher by profession, you look for 
innovations and solutions to important problems concerning your 
institution or client. As a academician, you may be looking at 
completing your PhD or sponsored research project. And so on. The 
purpose may scope your research – sometimes positively and 
sometimes negatively.

Sometimes, we see a tendency to measure research outcomes in 
terms of publications. This is a dangerous trend. Publications form an 
integral part of the research world – both in terms of publications that 
feed into your research, and publications that you produce.

As Newton said, you see a little further than before due to your 
research, because you are able to stand on the shoulders of giants 
(other researchers!) who came before you. This is what reading and 
studying the existing literature gives you. Dont reinvent the wheel. 
Understand deadends and holygrails early enough. Just as they made 
their work available for you, you need to do the same – the wheel need 
to go on. So making publications is important. But how many should 
you write? Where should you publish them? When do you write a 
paper/book? What kind of things can one put in a paper? These are the 
subjects of Chapter 5.

Yet another issue is the topic of research itself . This is often a difficult 
question, and not without reason. But the answer is really, very simple. 
You can choose any topic that fascinates you. The fascination is 
important; research is a long term commitment – and like relationships 
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thriving on love, research succeeds with this fascination. When you 
lose the charm in a topic, it is time to move on. Beyond that, there are 
really no constraints. Of course, a topic does not automatically give you 
a problem to solve. Finding a research problem is much harder. You 
need good familiarity with the domain, and usually some external 
guidance. We come back to this topic in chapter 4.

There are different approaches to research. As scientific investigation, 
the common modes are theory and experiment. Today, for large and 
complex systems, simulation is generally accepted as the third 
paradigm of science. Much of medical science investigation including 
drug analysis works by simulation. The field of data science is bringing 
statistical analysis of large amount of data as another research model. 
The methodology of research also depends on the nature of the 
problem you are trying to solve. We attempt some review of these 
issues in chapter 3.

We will stay away from technical communication, and the like of 
things in this document. They are, of course, important – but there is 
plenty of material available. My own advice in this regard is also 
available as another document, you can download it and refer to it 
from my website: thelittlesasi.wikidot.com

As it happens with all types of research, there is no last word in 
research. Newer ideas, newer observations, newer intuitions keep 
driving one to either extend the knowledge existing or sometimes 
propose a completely new path for our understanding. Remember the 
evolution of physics from newton to Einstein; of solar system; of the 
structure of atom; etc. And the same applies to this document too. Your 
feedback will be much appreciated; and will help me to enhance this to 
make it more useful for people. Do send them to me at 
thelittlessasi@gmail.com
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2 Research as Mindset  
As mentioned in Chapter 1, the most important element of doing 

research is your mindset. Observe a young child well before he begins 
to understand the ways of the world. Look at the way he/she would go 
and touch anything that attracts his attention (almost everything in 
sight, actually!). He would ask you to explain what it is. He would try to 
name it, perhaps, based on names he has heard so far. You would 
patiently correct him, perhaps an infinite number of times. He, does not 
hesitate, to ask you stupid questions – questions which looks stupid to 
you! As the boy in the emperor's clothes story, he has no concern of 
important person or otherwise, and can tell whatever comes to mind. In 
some sense, this is the researcher's mindset.

Though not very often perhaps, you would have read papers, articles 
and occassionally books on various topics. When you find some 
statement which puzzles you, what do you do? Most of the time you 
may console yourself: I dont understand this area well enough to follow 
this. Do you consider the possibility that the author could be wrong? Or 
there is some mistake or ambiguity in the writing? This 'respect of 
authority' often takes us far away from research; we never stop to ask 
questions, or explore our doubts. The authors must know better – after 
all they have written a whole book! If you look at carefully, most books 
contain errors – irrespective of who wrote it. Many research papers 
have serious flaws in the quality of writing and the quality of work 
reported – it does not matter if you are reading an IEEE paper or ACM 
paper or a local conference paper. The latter has, usually, far more 
problems, that is all.

So when you read any material, always keep a pinch of doubt always. 
Never believe everything that is said or written. 
When inferences are drawn, ask the question – 
does this conclusion really follow from the base 
given? Is this much data adequate to draw such 
conclusions? Is there something the authors are 
missing? Does the result intuitively make sense? If 
not, where is the problem? Is the approach 
adopted fair? Is this the most appropriate under the circumstances? 
Are all the possibilities accounted for in the data set? Is the data set 
representative of what is likely to arise in the domain? And so on. There 
are many questions that a piece of writing is expected to answer. Some 
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of the answers you can find from the paper itself. Some can be got 
based on your knowledge of the domain. Some may require further 
exploration. And there lies the key.

Asking these questions keep you alert on one side; your absorption of 
material is much better and more lasting, since there is a conscious 
processing of the information being given. The questions prevent you 
from accepting things on its face value, and hence you are more likely 
to pick things that are important and valid. You can, therefore, justify 
your belief in a claim or observation – since you have understood, and 
not memorised. As a researcher it is your responsibility to do this 
critical review, since that is what helps the author to refine his work – 
just as you would want others to look at your work, and give you 
honest feedback.

This mindset also has a related aspect – attention to detail. Research 
is not a shallow work. Things make sense only every aspect is attended 
to. A small bug in your program can lead your result completely astray. 
So careful testing and confidence building on any program is 
important, to save embarassment for you in the long run. Similarly, 
careful organisation of your experimental work, properly labelled and 
structured is essential. Otherwise, in a while, your research work will be 
like a directory containing a thousand files of different types. You will 
be lost in it, everytime you need to find something there. What looks 
very obvious to you today, wont even look familiar six months from 
now. So, yes, label the files and data right now – tomorrow may be late!

Research results and data has a lot to tell you – provided you know 
and want to listen. Learn to listen to them. Keeping them properly 
organised is an essential ingredient to this; otherwise, the talk will be in 
a language you wont understand. Consider the two tables below:

Field-1 Field-2 Sex Pregnancy

1 1 M Yes

The left table is a silent table; anyone 
can pass off that data – looks pretty 
ok. But the table on the right will hit 
you straight. You realise there is 
something fishy. Both the tables 
represent the same information as far 
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as your program is concerned. Your eyes are indeed quite powerful to 
detect anomalies – use them. Just organisation is not enough – you 
need to train your eyes to look for problems. A number of tools for data 
visualisation are available – they can make complex relationships 
visible to your eyes, through suitable transformations, etc. But, much 
can be done without them.

Tables and graphs are often used in technical communication – but 
rarely used effectively and properly. A number of small things make 
these powerful tools ineffective. Do you always label the x and y axis in 
a graph? You must always. Also ensure that the units are part of the 
label (or visible in some other way). Show grid-lines at major intervals – 
we are not particularly good at scanning lines even vertical and 
horizontal. Similarly, look at the graph – rather listen to the graph. Are 
the values at the various points as expected? A graph as in figure 
below is trying to tell you that there is a problem – but one can find 
many papers which does not even mention this anomaly, let alone 
explain it. The anomaly may be accounted against many different 
reasons. It could be some error in the output measurement. It could be 

some corrupted data in the input – which you should have detected, 
but possibly never checked! It could be a nasty bug in your program, 
and fixing it may change other values as well! It could be an important 
result – may be there is an interesting behaviour at the anomaly point, 
in which case, you should study that area in more depth with more 
experiments. Another thing to look for is the graph value at common 
sense points – usually x = 0, y = 0, x = infinity, y = infinity. The values 
at these points are usually predictable, and hence provides a way to 

Sasikumar M; thelittlesasi@gmail.com 10

Problem

mailto:thelittlesasi@gmail.com


Welcome to research Oct 2011

cross check your methodology.

You can see that this is not just for research. These problems can be 
noticed in your own reports and even work. Such observations, 
generally called sanity check, is a great tool for software developers 
and researchers, and pretty much everyone. When you check out of a 
super-market, if you keep an eye on the prices of items you take, you 
can make a reasonable guess at the total cost, without using a 
calculator. So, if the guy at the exit takes 1000 instead of 800, you can 
suspect something odd; rather than waiting to check the total after you 
reach home.

This example takes us to another interesting tool for researchers – 
order of magnitude reasoning, and qualitative reasoning. Do you know 
how long it takes for a litre of milk to boil on the gas stove? You wont 
know if it is 2.2 min or 2.3 min, but you know it is more than 1 min and 
less than 10 min. So you can go and open the door, with the milk on 
the stove, but you wont go to take bath! When you find the average 
salary of a pool of people is 10000, when almost all the numbers are in 
the range of 1000-2000, you suspect something wrong, and perhaps 
discover, a wrongly entered salary figure of 1 crore!

The lack of trust mentioned above is not for others alone – if at all, 
they apply more to your own work. You may be a good programmer; 
but dont trust your code too much. And if you are getting very good 
results for an experiment, check it very carefully – life is rarely so good. 
And if your results are quite unexpected, dont blindly discard the 
results. May be, there is some interesting phenomenon you have 
overlooked. Remember the discovery of pencillin, and many other 
stories of scientific discovery.

Thus, key ingredients of a research mindset are curiosity to know and 
find out, no hesitation to ask and question, and attention to detail. Be a 
child – you will enjoy. Of course, as Dr Phatak once mentioned, dont run 
around without clothes....
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3 Types of Research  
Research can be classified in different ways, depending on different 

yardsticks. One is to look at the methodology adopted for the research 
work. And another is dependent on the nature of problem being solved. 
We briefly look at both these here. Given my familiarity with computer 
science related topics, I will focus on this domain, mostly; though, I 
guess, most of my observations will hold good for other disciplines 
also.

Typically research involves posing a problem, analysing it to 
understand its various aspects, looking at literature to see what related 
aspects have been attended to and how, making some hypothesis 
towards solving the problem, and checking if the hypothesis is true. At 
each step, one can improvise and refine the process, depending on the 
domain and nature of problem.

Let us say, for example, we want to look at learning natural language. 
We find that the existing language learning systems are not very 
effective – there are very few users, completion rate is low, and may 
be, the quality of learning is not good enough. You can look at how to 
improve this.  An analysis of the existing work may throw up a number 
of possible suspects. The failure could be lack of interaction; it could be 
inappropriate pedagogy; it could be the quality of content (hard to 
follow, too fast paced, etc); and so on. You can now pick one or more of 
these, and look at how to enhance this aspect. A literature study would 
help you to see what kind of things people do in this area – what are 
generally good pedagogy models, for example? You can also 
think/meditate/discuss with friends/etc and come up with some 
innovative approach. You would need to argue why you think this is a 
better approach. And now you need to see if this actually performs 
better. You may build a system and get a good cross section of users to 
try it out, in comparison one of the existing systems, collect 
performance parameters and analyse.

This also happens to be an example of experimental research. You 
conduct experimental studies – empirical – to show something works or 
not. The problem with this is that, this does not prove your hypothesis. 
But with a choice of large enough test data set, carefully selected 
based on an analysis of profiles and relevant paramenters, and careful 
formulation of the experiment, this is often a useful result. In many 
areas, formal results are too hard.
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Yes, the alternative is a formal method. In some domains this is the 
recommended approach – eg, analysis of algorithm, proving 
complexity, proving equivalence of things (eg. A set of algorithms or 
formulations), etc. One uses mathematical models and results to do 
these. Deriving lower bound for the worst case complexity of a class of 
algorithms also belongs here. Empirical studies do not suffice at all.

Another common kind of work is formulation of a framework, protocol, 
etc. These problems need an approach that is dictated by the specific 
problem. The challenge here is to ensure that the proposed 
framework/protocol is not too general, nor too specific; substantiating 
this is a challenge in such problems.

Another category of research is based on surveys. Usually, you are 
looking for some patterns across a population. You may analyse 
software projects across companies, company performance, employee 
behaviour, web user behaviour, medical records, supermarket 
purchases, etc. The field of data analysis and visualisation is very much 
concerned with such requirement. You need to ensure good quality and 
quantity of data. Quality includes completeness (not too many records 
have missing values), correctness (values are mostly correct), coverage 
(adequate data points covering relevant sub-populations), and so on. 
The analysis of the survey results can be fully manual (when you can 
also include qualitative analysis), or automated. Looking for patterns 
without any hypothesis is like looking for a needle in a haystack, purely 
driven by luck.

If you look at the survey papers in ACM Computing surveys, you can 
see yet another type of research. A survey paper reviews most papers 
in a relevant field, and attempts to extract broad directions in that field 
and general trends. This may appear to be very easy, as some of the 
literature survey sections in thesis works do – just list the papers with a 
brief summary, and some general remarks. This methodology would 
result in quite a poor survey. The challenge is to identify connections 
among the different papers, which may not be reported by anyone, and 
based on them, group the work into interesting segments. This 
grouping is often a key insight into the domain – and that is what 
makes these survey papers valuable. Such a grouping requires good 
research experience in the domain, a thorough understanding of the 
domain, and wide reading.

One can also look at comparative studies as useful research, when 
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done carefully. Comparing N algorithms should not be just reporting run 
time over R datasets, for example. The items to be compared need to 
be carefully articulated to reflect the basis of comparison. For example, 
an algorithm is not the same as a particular implementation of the 
algorithm. So, you need to know if you are comparing an algorithm or 
an implementation of it. The comparison can be theoretical (as in the 
case of equivalence relations) or empirical (run time performance, for 
example). Choice of background assumptions can be very crucial in 
these cases – every algorithm, for example, has its strong points and 
weak points. Recall that the simple inefficient bubblesort is often faster 
than the efficient quicksort, when the data set is small or nearly sorted. 
So, datasets or experiments need to be carefully formulated, to bring 
out the best and worst in each. And that is the challenge in ensuring 
good quality in these kinds of works.

Simulation is now increasingly accepted as a research methodology. 
Network protocols, disaster management, epidemic spread and 
management, etc are all areas making heavy use of simulation. One 
needs a powerful simulator which mimics the intented phenomenon as 
naturally as needed for the planned work. Simulation, by definition, is 
only a simulation and hence cannot be the real thing. What aspects are 
ignored and to what level the process is mimiced depends on the 
target problem.

Another recent development of interest is the field, now known as 
data science. In many domains, large amount of data are becoming 
available through sensors, RFID devices, mouse clicks, video 
surveillance, and so on. Sophisticated analysis of these data can 
provide statistical models for the processes in these domains, and they 
can be used to build your research on. In areas like natural language 
processing, disease management, behaviour modelling, etc this is now 
playing a dominant role. For example, the field of SMT – statistical 
machine translation – attempts translation of text from one language to 
another using statistical models of word-mapping.

Choice of a suitable model for your research need to be carefully 
done, considering various factors. Your guide is most likely your best 
bet to advise you on this.
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4 Choosing a Topic  
One of the 'fundamental' problems most researchers face is choosing 

a topic for research. Another related problem is choice of a guide, 
which we talk about in the next chapter.

There are a number of aspects to choice of a topic. But, let me 
reiterate, the key is your own passion to the topic. Choose something 
that you are really excited by. With this in mind, there are some useful 
pointers here.

First of all, there is nothing to declare a topic as not worthy of 
research. Fortunarely (or unfortunately), there are hardly any closed 
topics today. Look at the atomic structure, and how many major 
changes have happened to our understanding over many decades. 
Everytime, it looked as if we have understood the full story, till 
someone finds an anomaly and a completely new model appears on 
the scene. In computer science also, there are age old fields like 
databases, which are often considered stale. With a tabular structure of 
rows and columns, with a rich query language like SQL, we are done. 
But then came distributed databases, multimedia databases, object 
relational databases, and so on. And we had to go back to the drawing 
board to find new solutions. The problem of dealing with very large 
datasets running into millions of rows posed another major problem. A 
recent issue of CACM [find reference?] had an excellent discussion 
summary on this topic by a group of database gurus. And you see that 
database is a very active research area.

So, you can take any topic that you like, and if you spend quality time 
on it, you can find interesting enough research problem. Dimensions 
like time and space complexity of processes and algorithms, scalability, 
fault tolerance, federation, etc can be applied to any topic to find new 
challenges. You can see that most solutions proposed in the literature 
for problems are constrained – they work well only under some 
assumptions. What happens if the assumptions do not hold? Newtonian 
mechanics is still adequate when the velocities are much less than the 
velocity of light. When that assumption is violated, you need another 
theory – in this case the relativity theory. When the mass is very very 
small, we need yet another theory – the quantum theory. [somebody 
correct me, if these observations are inaccurate.] And so on. This is 
even more true of computer science. Databases are not good for 
solving all kinds of data, for example. When the data is structured in a 
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2-D forum (rows x colums), and the individual elements are simple in 
structure, and the rows are relatively independent, and the nature of 
queries are defined by relational algebra, then conventional relational 
databases do well. Break one of these, and you have to find new 
solutions. Sometimes, these solutions are extensions of what is 
available, and sometimes a massively new model – for example, the 
XML framework for data with complex structure. Even the storage 
structure in a database relies on the above assumptions; and violating 
any of them can result in inefficient storage use.

Looking at good survey papers from sources like ACM computing 
surveys is another way to identify research areas. These papers look at 
medium sized domains for survey – not too narrow, not too broad – and 
do a good job of cataloguing existing work in this area. Based on that, 
one can see good open questions relating to that area. And the papers 
referred in the survey can often provide good background reading for 
the topic.

PhD theses from good universities provide another useful source. The 
literature survey section in a thesis is usually a good overview of the 
field of interest to the author (the topic of the thesis), and also helps 
identify gaps in that area. Some of these gaps may have been taken up 
by the author for his/her thesis – and the future work section of the 
thesis, would tell you how far he/she has addressed this. Of course, 
pick only good quality thesis from good quality places – otherwise, you 
are wasting your time: often the survey may be biased and incomplete, 
and often lacks good analysis. Such a thesis serves no purpose.

Occassionally there are good 'current trend' papers in journals. CACM, 
AI Magazine, etc are good places for general computer science and AI 
respectively. Turing award lectures of ACM, and similar series from 
prestigious societies are also good sources of ideas, reflecting personal 
perspectives of specific fields and their future.

Along with this some general reading is also important. It broadens 
your view, and often give you ideas to explore. In this era of 
interdisciplinary and multi-disciplinary research, this kind of broad 
reading is important. It is silly to stay within your narrow boundaries – 
often very artificially drawn.

Thus, to sum up, choosing a topic is not a big problem. Look at areas 
you are familiar with. Do some reading and look-around as mentioned 
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earlier. And look for some topic that excites you. Build a decent 
understanding of this topic, and talk to your guide. One can form the 
seeds of your research topic soon enough from here.

Having chosen a topic or broad area of work, you would need to define 
a problem for the PhD work. Some ground rules are useful at this stage 
too. The first is to choose a 'reasonable' degree of freedom in the topic. 
Dont make the problem too narrow, that you run out of steam within a 
few months, or you get stuck because some dependent resource is not 
available. Dont tie your problem to a specific platform or technology. 
Database management is fine; but not Oracle or MySQL. Programming 
languages is fine, but not C# or Java. Similarly dont make the topic too 
broad – you may lose focus and end up wandering.

It is not necessary to define the exact problem you want to solve in 
the early stages of your research. A reasonably broad-scoped problem 
would suffice, with some specific area that you can start with. As you 
build your foundations with the initial area, you can slowly evolve the 
exact scope for your problem. It will allow you to absorb newer 
developments in the area, and focus your energy where you feel the 
highest interest.

There is another way to approach choice of a topic. This is to look at 
some complex practical problems. And there are plenty of them 
around. And usually, most of these problems are extremely complex 
and open ended, and have no comprehensive solution. A lot of 
research work picks up these problems and proposes solutions to 
various adaptations or special cases of them. In this area are problems 
like real-time machine translation of real-life text as obtained from web 
pages, speaker independent speech recognition in natural 
surroundings, resource scheduling problems such as 
bus/train/wagon/flight schedules, dynamic adaptation of such 
schedules to account for dynamic developments (say fog for airlines, 
accidents for railways, etc), and so on. As I mentioned, a lot of work 
exists for solving these problems – but the full problems continue to be 
open.
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5 Choosing a Guide  
As complex as choosing a topic for the work is the problem of 

choosing a guide, Guides play many roles in the research process from 
the beginning to end. In some sense, you can think of them as your 
best friend. They can just be there, giving you a shoulder to cry on, 
when the going gets tough. They can show you the way, when you are 
lost. They help you make decisions at almost every stage – from 
formulating the problem to finalising the thesis and supporting you at 
the defense.

But guides vary in many ways, for different reasons. In many areas, 
particularly information technology, there is usually a shortage of 
guides in your area of interest. So, the choice becomes almost forced, 
and not a choice at all.

Guides vary quite a bit in the mode of operation. On the one end, I 
know guides who are only guides on paper. You do the work and go to 
them for signature. At the other end, are guides who want to be 
involved in every step of the way – no matter how small. Mostly people 
fall somewhere in between. It is important to understand your guides 
way of working, and match it with your expectations. This match is 
important because the researcher's ability can also vary a lot. Some 
are well motivated, and pick up a thread and follow it well. And some 
are – as it happens, most are in this category – fairly clueless about 
research, and need feedback and guidance at every step. So matching 
the expectation is important.

Usually research guides are well versed in the field of work, and well 
aware of the current trends and works in that area. Again, finding 
someone like that for the wide range of subtopics in fields like IT is 
nearly impossible, barring just luck. So guides usually travel with you in 
this journey. This commitment from the guide is also important. It is 
difficult to keep the guidance to general philosophy and methodology. 
At the same time, it is fair not to expect the guides to be total experts 
in that area, with an answer to every question. Research is best not 
done that way. If someone answers all your questions, why research at 
all? The role you want the guide to play is to listen to you, and think 
with you.

I have been following an apprenticeship methodology to help ease this 
process. The candidate would work with me for 6 months to one year, 
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as if he/she is a registered student. We will together try to identify 
some research problem based on discussion and literature study, and 
the candidate would work on that problem. The work would involve 
reading up literature, and discussing what has been read and 
understood. It would also involve implementing a prototype system – 
simulated or actually implemented – and conducting experiments using 
that. A series of interactions around these activites over 6-8 month 
period would help you answer the important questions like a) are you 
ready for research? Are you able to spend enough quality time on a 
regular basis? b) do you really like the topic that has been selection? c) 
is there a wavelength match between the guide and you? d) how 
comfortable are you reading material and understanding material? e) 
how much initiative do you have to drive yourself? And so on. If the 
comfort level is very good, you can then try a formal registration 
process. If not, change at least one of the parameters – your guide or 
your topic.
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6 What to Read?  
In this era of the web, reading has been a matter of concern in the 

academia. Thanks to google, reading is slowly being substituted by 
googling. If I tell you find out information about some topic, you would 
directly google for it. The thought of going to the library and spending 
sometime browsing around and looking through (and hopefully reading 
through) the material is a rare thing today.

Of course, there is plenty of material on the web – including journal 
papers and books. But there are also a lot of unsubstantiated material 
written by random people, including student essays. When you start 
relying on such material for 'authentic information', you are beginning 
to get into trouble. The problem is not going to web, but in not locating 
the right information source for various types of requirements. And also 
in limiting your reading to just what you need. Both these  are 
dangerous.

I would advise you to divide your reading into three groups. The first, 
and the commonly practiced, refers to reading general articles on 
various topics. If you want to get a feel of what is cloud computing or 
quantum computing, go ahead and google. You will surely get millions 
of links. Pick the top few and read through the document. Ignore the 
details, and you will get a top level broad view of the field. Restrict the 
general reading to just this. Relying on this for answering specific 
questions, or for locating specific information should be done with 
caution. Exercise plenty of discretion to ensure that the material is 
reliable. Check out the person's credentials, the site credentials, and 
any comments from readers. Usually, with these you can get a feel of 
the reliability of the information.

If you are studying a new topic for your research or your seminar, the 
best thing to do is to read a book. There is nothing like a book, to 
provide a comprehensive connected feel for the domain. A book starts 
with basic assumptions of the intended audience, builds up the topic 
gradually and fairly slowly, and takes you to the edge of the field, 
pointing out emerging directions. The core part is dealt with in good 
detail, with sufficient examples and illustrations. And good books 
provide good sensible examples, and often connected examples 
through the book. When doing this kind of reading, read the book cover 
to cover. Dont exclude the preface and the like – I find they provide a 
lot of useful information such as genesis of the book, intended 
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audience, suggested reading path and the like. And while you may not 
need or be interested in every topic in the book, it is worth a full read. 
The connections of a topic to other topics can sometimes provide you 
good insights. You will be glad you did, later on. [need to explain this 
more..]

If you can afford the time, try reading at least 2-3 different books. 
Every author looks at a field at least a bit differently. And that 
difference would be reflected in the writing, and provides you a 
different angle of view. Concepts get clearer and biases reduce. When I 
was trying to learn objected oriented programming (using C++, since 
Java was not in fashion at that time!), I remember finding it hard to 
understand the significance of reference variables in C++. It was the 
third or fourth book that gave me an insight into this.

Another pitfall with books is the choice of books. Avoid books 
connecting with specific languages, platforms and tools, when learning 
a concept. After learning the concept properly, you can come back and 
look at such books for help with implementation – usually such books 
provide a lot of code, which may come in handy. The choice of 
language influences your way of thinking – many people believe. And it 
is certainly more visible when explaining concepts using specific 
languages. No language is perfect for everything, and the 
imperfections result in some distortion in the concept for the purpose 
of expressing in that language. Imagine learning strings using C, 
Fotran, Java, Prolog, and Snobol.

The problem with books is that these are usually dated. By the time, 
the topic is well established for someone to write a good book and get 
it published, at least 3-5 years would have elapsed. Books keep you 
updated only to that extent. And that is where the third category of 
reading comes in.

The third category of reading is research papers. Go to good journals – 
there are increasingly large number of them now online, with free read 
access. If your library does not have much journals, then this is a good 
source. If there is a library, try and use that. You will end up seeing a 
lot more stuff as you wander around in the library. Remember the 
discussion in Chapter 2 – always view journal papers (all research 
papers) with suspicion. Ask questions at every point. Take notes on 
important ideas, sub-references, and the like.
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Journal papers are more current – in prestigious journals, the lag time 
from writing a paper and it appearing in the journal can be years! But 
today with number of journals being large and many resorting to 
electronic processing, this has come down to just a few months or even 
weeks. So, journal papers provide you more up to date information on a 
topic. Usually, conference papers provide even more current 
information, since the turn around time is still less for conferences. But 
with the huge number of conferences, and poor quality of refereeing in 
many conferences (even CACM and IEEE has been raising voices on 
this issue), dont go for conference papers much – except when you 
have got an important reference to such papers.

Make notes on what you are reading – this incidentally applies to 
whatever you read. Don't use the excuse that it is available 
electronically, and so you can carry them or you can find them. When 
you need some information, it is not easy to find it online like a needle 
in haystack. More importantly, taking notes enhances your attention. 
Enables you to note down items of importance, any interesting 
ideas/thoughts that occur to you while reading, and the like. These are 
all valuable in their own right as your research progresses.
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7 Reading a Technical Paper  
Most of the budding researchers have problem in reading a research 

or technical paper effectively. Part of the problem is the mindset, I 
touched upon in chapter 1, of trusing anything. If something is written 
in a paper, and more so, if it has an IEEE label, it must be correct. If it 
does not seem right, the problem must be with the reader – that is the 
stand. So, they come over and say "I dont understand how this 
happens". Sometimes, of course, the problem is just that you dont 
understand. But it is not unlikely that the problem is with the paper, in 
not presenting you the full facts, and may be even deriving wrong 
conclusion. Even bad proof reading can leave errors in the paper.

One advise I have for anyone reading a paper is to try and write a 
review of that paper at the end. Ideally, without referring to the paper 
in the process of writing the review, except for specific references or 
figures. The review should have two parts.

First summarise what you understood from the paper. What is the 
paper about? What are the assumptions made for the work reported? 
What kind of experiment has been done or implementation or study or 
whatever? What are the key observations?

Second part will be your assessment of the paper. Do you "agree" with 
the paper? Does the results sound logical or credible? Is the 
methodology followed sound? Have they used adequate data of 
required quality? And so on. And also add comments on the flow and 
coherence of the paper, the use of English, and so on.

This exercise will deepen your understanding from any reading you 
do, and also prepare you for your own writing when you start on that. It 
is a good idea to ask these questions on papers that you write as well! 
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8 What to measure and how?  
Research, most often, eventually will require you to measure 

something to substantiate your hypothesis (or to prove it wrong). Very 
often I have seen, when reviewing papers and sometimes even in 
published literature, poor judgements in answering this question. While 
there are some good theoretical studies relevant to this problem, the 
basic difficulty is not using common sense. We will look at this with a 
couple of examples.

Let us say, you have built an intelligent word processor which helps 
you to type text faster. How do you show that this actually works as 
expected? You would need to demonstrate that using this tool, people 
take less time to enter the same amount of text compared to other 
tools. Some parameters here are pretty obvious – we need some 
people and some text. But,

What kind of people?

How many do we need? 

How big a text?

What kind of text?

How many trials per person per text?

You can see that this is not a simple exercise after all. Let us try to 
answer these questions and see why these are important questions.

What kind of people?

The natural tendency for a question like this is to go age-wise – take 
some teenagers, some middle-aged, and some senior people. But if 
your tool is meant for educational purpose, then the senior people's 
performance is not very important. So, depending on the intended 
target audience, you can narrow down the profile to some extent. Is it 
necessary to look at women vs men? If you suspect that women and 
men have different typing speed profiles, you should. You may find that 
the tool is more useful for one than the other. Similarly, if the 
properties you are using to achieve the 'intelligence' may vary across 
men and women, then also it is important to focus on this aspect. Your 
tool may be more effective for one group than the other. It may also be 
important to look at people who have different levels of exposure to 
typing (professional typists, programmers, heavy computer users, etc). 
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They affect both the base line and the speed up. So, picking up a set of 
people to try out your system need to carefully analyse the profiles, 
and ensure representation from all relevant classes. And in each class, 
you need a decent number of people. Averaging time across 2 or 3 
people is meaningless.

What kind of text?

Similar story with the text chosen. A number of, not so obvious 
parameters, apply here. Very short pieces (less than a sentence) would 
give you unstable results, since the person takes time to get used to 
the setting. Very long pieces are unnecessarily, and may also introduce 
scope for other distractions and fatigue. Similarly, text containing 
familiar words vs gibberish would produce different behaviours.

Even under identical conditions, one would not produce identical 
behaviour when the experiment is repeated multiple times. Hence 
repeating the experiment with the same person and same text, 
multiple times is important. If these trials are showing significant 
differences, then there is need for concern.

Having done the experiments, how does one report the results. Taking 
a global average is meaningless often. Averages produce meaningful 
indications over reasonably homogenous data. Compare average price 
of a fruit vs average price of a chikkoo or papaya or apple. Whether 
mean is to be used or something like mode/median is more 
appropriate?

These indicate the attention needed on a gamut of issues, for 
planning and conducting your experiments. Once again, you can see 
that these kinds of issues come up in many other aspects of life – eg. 
Test case preparation for a program – and not restricted to just 
research activities. Proof of why a research mindset is a good thing for 
life!

Once the experiment is over, you will be analysing the results and 
reporting them. This is another area needing attention. You can write 
your results in a textual form in one or more paragraphs, explaining the 
experimental scenarios and the measurements obtained and the 
conclusions from this. Such a writing is good when you are writing your 
final conclusions or when you have only one or two results to report. 
The problem with this style is the inability to get comparative feel. 
Then we can use a table. Each row represents an experiment, along 
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with the measurements obtained. Scanning any given column (see 
table below) gives you a feel of the trends in that column, the range of 
values used, etc.

Number of features Hidden neurons Learning rate Recognition Performance

100 100 0.7 67.00%

100 100 0.8 67.00%

60 100 0.8 40.00%

60 50 0.8 45.00%

But when the entries are large, it is hard to spot patterns. More visual 
forms are better for this. Compare the list below and its graph, and see 
how easy it is to spot the outlier values.

12,13, 14, 28, 45, 23, 12, 56, 234, 23, 49, 65, 32, 43, 24, 87, 78, 63, 
380, 80, 38.

Here again, one has many choices with many different types of graphs 
available. Choose a type that conveys what you want to convey, and 
not for variety or jazziness. A bar-graph like the one above shows that 
the values are unrelated. Use a line graph when you have values 
following a sequence (height with time, temperature with time, etc). 
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9 When to write a paper?  
In the last few years, partly as a result of the trends mentioned in the 

preface, there is too much focus on papers. One can find many PhD 
students with 20-40 papers per year, when best international practices 
do not exceed 4-5 papers a year. People tend to write (more like cut 
and paste from different sources) papers at the drop of a hat. This is an 
unhealthy trend.

Papers serve two purposes. Firstly, as mentioned in Chapter 1, it is the 
mechanism to share our work with others. That presupposes that we 
have something worth sharing with others. If you have read a few 
papers, or implemented a system, that is, usually nothing worth 
sharing with others. Remember that when you read a paper, you are 
looking for something you did not know before – an innovative 
approach, an interesting insight, a clear result, etc. If all that the paper 
said was that the authors implemented a system with a back-
end, a front-end and some middle-tier logic, you 
would say 'big deal'. So, 
the important issue is to 
see if there is something 
that your intended reader 
would like to know, that you can share. Of 
course, it should be 
something original – 
repackaging is not research publication.

Ok, we found we have something to share. Now what? 
The paper then revolves around this idea that we want to share. 
Following is a general enough structure conceptualised around this 
notion, that you can use to write a paper. One advice, write it on your 
own, in your own words. Dont refer to anything till the initial draft is 
ready. You can then refer to your experimental logs, literature papers, 
etc for filling in the specifics. This will help better coherence in the 
paper, and will help the second purpose (I will come to, soon).

The introduction (you can also call this background) sets the context. 
What is the broad class of problem you were looking at? Why is it 
important? What assumptions were you working under? What 
specifically is the focus of this paper – your idea that you want to 
share.
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Second chapter/section would be to answer the questions: Is it new? 
What other  relevant work exists? How are these relevant to you? What 
insight are you drawing from the existing work? Is this problem 
solvable? What is the kind of attempts already made? Where do they 
stand? This is the literature review. This justifies that your work is worth 
it.

Third section, based on this literature study, charts your course. Your 
approach – building on lessons from the literature and the nature of the 
problem – is to be explained with rationale for the various choices. Why 
this algorithm and not another? What kind of data? How to evaluate? 
And so on.

Section four would take this further to setup your experiment. It may 
include building a system, in which case, another section on design of 
the system can also be added. Explain the experimental scenario or 
your system in detail.

Then you discuss the experiments conducted and their results. 
Usually, we restrict to the base level results here. Justify the choice of 
experiments and how this would address the problem you are trying to 
solve. Remember Chapter 5.

Perhaps the most important chapter is the analysis. As results, they 
are just observations, passive data. Collecting where your pointers 
finally stopped, the readings on various instruments, the behaviour 
being present or absent, and so on. Putting the observations together, 
and connecting them to the questions you asked, is the job of analysis. 
This should give you answers to your question, and also indications of 
where you are unable to draw conclusion, and also areas needing 
further work. If your analysis is sound, the last two sections of your 
paper, namely, conclusions and future work, would naturally follow this 
quite comfortably. Conclusions highlight your major inferences and 
findings. Future work identifies the areas to be explored further.

Make sure you share enough information about the experiments, that 
others can repeat the same. This is important for them to build on your 
work. 

Usually, one does not produce information worth sharing too often in a 
year. And hence aiming for 3-4 papers a year, if you are at the peak of 
your research work would be perfectly fine. Dont contribute to the 
production of garbage!
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The second purpose of writing is reflective. When you sit down to 
write the paper, as I mentioned above (not following a cut and paste 
methodology), you put your mind through some serious thinking. You 
need to get the points and arguments in order, and they should be 
sound enough. And often you find that this does not happen! You 
realise that somethings which you thought was obvious are not really 
that obvious! Some gaps do not close. Some choices do not have a 
strong enough justification. And so on. It gives you an opportunity to 
relook at these points, and close the gaps. It may expose gap areas in 
your experiment, which you may need to work on and close.
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10Writing a paper – A checklist  
There are a number of common errors/omissions often found in 

papers, due to ignorance or carelessness. This chapter summarises a 
few and what to do about them.

1. Check for spelling and grammar. It is good to keep an eye on what 
you have written as you write, to watch out for mis-spellings, etc. But 
this, sometimes, may distract you from the flow of writing. If so, then 
frequently, read what you have edited/written, to look for spelling 
errors and grammar errors. Word processors, these days, offer good 
support in this activity. But dont trust them too much. What they show 
as errors may not always be errors – usually problem with 
English/American spellings, and use of words which are not accepted 
in common English dictionaries including technical jargons, and 
names of people and institutions. And similarly, what these tools let 
pass may contain errors. Spell checker cannot distinguish between 
form and from, lay and pay, and so on. And so a lot of embarrasing 
errors may stay on, because the mis-spelt words happen to be valid 
dictionary words, though may be totally mis-fit in the context. 
Detecting such errors require a different way of reading the 
document; but with practice, this wont be difficult.

2. Author names. Dont use author names to show who is the professor 
and who is the student. No designations in author names. Irrespective 
of who you are, you are just another author. Sometimes, the order of 
names reflect some understanding. Usually, the first author is the 
most important author – primary source of idea, the person who wrote 
most of the paper, etc. If such a distinction is possible (e.g student 
and guide, main student and others, etc) you can adopt such 
convention, and order the names in order of importance. In other 
cases, a group work with approx equal contribution, go for 
alphabetical order. A look at the list shows to anyone that it is 
alphabetical and advises against reading anything more in the order 
of names. Follow a uniform convention for all names in the author list 
(surname first, initial expanded, position of initials, etc).

3. Title. Choose a title that clearly tells what is the scope of the paper. 
Avoid meaningless words and generalisations. Ensure that the paper 
can defend every word chosen in the title.

4. <<what else>>
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--- the end for the time being ---
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