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C.  AN INTRODUCTION TO RESEARCH METHODOLOGY IN 
 MATERIALS SCIENCE 
 
Yaseen Iqbal 
Materials Research Lab, Institute of Electronics & Physics, University of Peshawar 

 
 
This talk was focused on the experimental 
research methods commonly used in 
materials science and engineering and 
aimed at developing research know-how 
among new researchers with practical 
research examples (not given here). There 
are two common types of experimental 
research; academic or applied. In 
academic research, experiments are 
designed and performed to understand and 
verify the principles and the consequent 
process whereas in applied research, 
projects and experiments are designed to 
show the established principles in action 
for public and industrial use. Thus the 
academic research deals with verification 
and understanding and the applied 
research deals with the application of these 
principles. 
Research is conducted in a specific 
sequence or simply the initial research 
proposal should be ordered as what? 
Why?, How? and When? 
 
1. WHAT? 
“What” includes the research topic or the 
area of interest? In this section of the 
synopsis or research proposal, the topic is 
introduced in general terms for the 
understanding of ordinary readers such as 
higher authorities or decision makers who 
are generally non-technical persons. Then 
the topic is taken forward into more 
technical terms in a sequential order 
without loosing the interest of the reader so 
that if interested, the reader can go with the 

flow of the subject as far as possible. 
Simultaneously, the topic/subject is 
technically enriched in such a manner that 
the interest of the technical expert is also 
not compromised. Obviously, this needs 
very comprehensive, fluent and 
understandable language along with a 
detailed knowledge of the subject.  
The first paragraph of the introduction 
starts with the academic and / or applied 
significance of the research area if not of 
the exact title. Once the theme and basic 
understanding of the subject have been 
described, the reader/relevant expert has 
to be taken into the next stage by 
describing whether this subject area has 
been explored previously and if yes, what 
has been done? This takes one to the 
literature review and from the detailed 
critical analysis of the relevant literature, 
one squeezes the answer to the big “WHY” 
of the research project.  
 
2. WHY?  
Here again the discussion starts with a 
very brief introduction of the research 
subject or title. Then refereeing to the 
significance of the subject or area, the 
interest and efforts of the previous 
researchers is mentioned with references. 
This never means that one should start 
with the first reference and end up with the 
last but enough references should be given 
to cover the span of time the area is being 
investigated. For example, “this subject is 
being investigated for the last 2 centuries 
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[Edward et. al 1855, James 1920 and Khan 
2009]”. By writing this sentence, you 
convinced the reader that area is under 
continuous study for the last two centuries. 
Then one should move to the very basic 
paper, describing the foundation or early 
work in the research area. This is not 
intended to tell the story but to logically and 
sequentially follow the previous studies 
with the aim to squeeze out the objectives 
of your own research. Literature review is 
mainly to; a) develop your own 
understanding of the subject, b) find out 
gaps or inconsistencies in previous studies, 
c) justify the academic or applied potential 
of the subject, d) convince your assessors 
that you are aware of the previous work in 
the area, e) avoid repetition of something 
already done, and f) confirm your own 
findings by comparing them with previous 
results. One does not need to describe all 
the two thousand papers (if they are) 
published on the subject but at the same 
time must not miss the significant work 
published on the subject. Once the 
literature review is organized in a 
sequential and logical order into a single 
document, the gaps in the previous works 
and in some cases, the discrepancies and 
contradictions clearly come to the surface 
and these are considered as the aims of 
your current research project. If the 
previous studies are completely consistent 
(very rarely), then people try to make their 
work original by selecting or employing 
modern and more sophisticated 
investigation techniques than those used 
previously and hence the aim becomes 
“revisiting the subject with new 
techniques”. If this is also not the case, 
then new research to improve the 
properties of the same material via 
modification or re-designing of the existing 

composition and use of relatively new 
sophisticated processing techniques, may 
be new and may have potential to explore 
and investigate the subject further. So at 
the end of this section, one clearly gets an 
answer to the WHY of the research project. 
Here again, the decision about the aims 
and objectives depends upon the available 
resources, academic level of the 
researcher and time limitations. So keeping 
in view all these ground realities, one 
streamlines the major aims of the intended 
research.  
 
3. HOW?  
This section of the research proposal 
includes the experimental methods to be 
used such as i) how to do the sampling? 
the samples may be in the raw form or 
refined form?, the particle size of the initial 
ingredients may be suitable for the purpose 
or not? What are the main objectives? 
Keeping all these in mind, one designs the 
experimental work and procedures along 
with the requirements. If certain 
instruments are not available locally, the 
proposal should identify the possibilities to 
access such instruments elsewhere but 
must not leave ambiguities as it involves 
the future of students and every effort must 
be made to meet all the deadlines to 
achieve the intended aims and objectives. 
Confusions should be avoided via 
preplanning or exclusion of impossibilities. 
The required techniques should be clearly 
identified and explained along with the aim 
of their use. Using a technique just 
because of its availability does not justify 
its use. So each and every step should be 
well organized and justified as the 
researcher is responsible and has to 
defend each and every step taken to 
complete the project. Thus the experiments 
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to be carried out to achieve the intended 
aims and the research potential of the host 
institution must be considered. 
 
4. WHEN? 
The last important question about the 
intended research is when. This should 
include the time frame of all the steps 
required for the completion of the project. 
All possibilities including the unforeseen 
circumstances must be kept in mind in 
planning the time schedule. The 
sophistication of the equipment, training 
requirements, possible delays in case of 
equipment breakdown (from the previous 
years experience), power load shedding, 
availability of experts, literature and 
consumables to be acquired, must be 
considered in planning the time required for 
the project. 
The following considerations if kept in mind 
before preparing and submitting a research 
proposal will certainly speed up the 
processing time and make the job easy for 
the candidate, supervisor and assessor: 

a)  The proposal should be readable and 
written in an easily understandable 
language 

b) Unnecessary spaces and odd 
formatting of various sections should 
be avoided 

c) The whole document should be 
consistent in itself regarding the font 
type, size, spaces, page margins, 
references, page and section 
numbering. 

d) The text should be read at least three 
times before submitting for review 

 


