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Progress of Knowledge (1)

Matt Might (http://www.businessinsider.com.au/the-illustrated-guide-to-a-phd-2012-3 ) 

Imagine a circle that contains all of human knowledge:
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Matt Might (http://www.businessinsider.com.au/the-illustrated-guide-to-a-phd-2012-3 ) 

By the time you finish elementary school, you know a little:

Progress of Knowledge (2)
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Matt Might (http://www.businessinsider.com.au/the-illustrated-guide-to-a-phd-2012-3 ) 

By the time you finish high school, you know a bit more:

Progress of Knowledge (3)
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Matt Might (http://www.businessinsider.com.au/the-illustrated-guide-to-a-phd-2012-3 ) 

With an undergraduate degree, you gain a specialty:

Progress of Knowledge (4)
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Matt Might (http://www.businessinsider.com.au/the-illustrated-guide-to-a-phd-2012-3 ) 

A master’s degree deepens that specialty:

Progress of Knowledge (5)
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Matt Might (http://www.businessinsider.com.au/the-illustrated-guide-to-a-phd-2012-3 ) 

Reading research papers takes you to the edge of human knowledge:

Progress of Knowledge (6)

7

NE-M1-PRI12ENP – Integrated Nuclear Engineering Project, February-June 2025
“Molecular modeling of materials for nuclear waste disposal applications”

Matt Might (http://www.businessinsider.com.au/the-illustrated-guide-to-a-phd-2012-3 ) 

Once you’re at the boundary, you may want to focus on a single research 

topic (your possible future PhD project):

Progress of Knowledge (7)
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Matt Might (http://www.businessinsider.com.au/the-illustrated-guide-to-a-phd-2012-3 ) 

You will push at the boundary for a few years:

Progress of Knowledge (8)
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Matt Might (http://www.businessinsider.com.au/the-illustrated-guide-to-a-phd-2012-3 ) 

Gradually, the boundary may give way:

Progress of Knowledge (9)
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Matt Might (http://www.businessinsider.com.au/the-illustrated-guide-to-a-phd-2012-3 ) 

And, that dent you’ve made is called a Ph.D.:

Progress of Knowledge (10)
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Matt Might (http://www.businessinsider.com.au/the-illustrated-guide-to-a-phd-2012-3 ) 

Of course, the world will look different to you now:

Progress of Knowledge (11)
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Matt Might (http://www.businessinsider.com.au/the-illustrated-guide-to-a-phd-2012-3 ) 

But never forget the bigger picture:

Progress of Knowledge (12)
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“Just a couple of months of hard work in the lab 
can save you the whole two hours spent in the library”

Read First!

 Research is more reading, than writing 10 : 1, possibly 100 : 1

 Read before starting your research project

 Read during your research project

 Read while writing your paper

 Organize your reading notes, lists of literature references, 

photocopies, reprints, etc.

 One does not even need to go to a library anymore: on-line databases 

and archives of research journals are available

 Know and regularly read your professional research journals

 Get to know who is doing what in your chosen research area (not 

necessarily from your Department or University, or even from your 

country)

 Don’t be shy contacting people and asking for reprints or advice

(source unknown)
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While Reading Research Papers, 

Think About These Important Questions

 Why this particular research was performed?

 What methods of measurements and/or calculations were used and 

why?

 Are there any default / implicit  assumptions or approximations used 

in the measurements / calculations / interpretation of the results?

 Are there any limitations to the experimental / theoretical 

approaches used?

 Are the results statistically meaningful? 

 What are the sources of errors and inaccuracies associated with the 

methods of measurements or calculations used by the authors? 

 Formulate your own opinion of the paper: 2-3 strong points of the 

given paper and 2-3 weak points of the paper.
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Collect Information

16
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Writing a Research Paper

 It is assumed that you already have some research 

results to report.

 Think of your target audience. Who are your readers?

 Think of a journal where you are planning to submit 

your paper.

 Check the Journal’s web-site or recent issues for 

Instructions for Authors and Guide for Submission

 Several types of research papers:

 Regular research article

 Letter or Brief Communication (limited size, but faster 

publication)

 Review Paper (often invited by the Journal’s Editor)
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General Form of a Research Paper

 The objective of organizing a research paper is to allow people to 

read your work selectively and quickly:

 some may be interested in just the methods;

 or in a specific result, the interpretation;

 or perhaps just want to see a summary to determine if it is relevant to 

their own study.

 Most journals require the submitted manuscripts to be divided into 

sections, following a general standard (some variations are possible):

 Title page 

 Abstract 

 Introduction 

 Methods and Materials

 Results 

 Discussion

 Summary or Conclusions 

 Literature References

 Tables, Figures, and Captures to them

May be further divided 
into sub-sections

18



10

NE-M1-PRI12ENP – Integrated Nuclear Engineering Project, February-June 2025
“Molecular modeling of materials for nuclear waste disposal applications”

Experimental paper, reporting measurements: 

Montavon, G., Alhajji, E., and Grambow, B. (2006) Study of the 

interaction of Ni2+ and Cs+ on MX-80 bentonite; Effect of 

compaction using the “capillary method” . 

Environmental Science & Technology, 40, 4672-4679.

Theoretical modeling paper, reporting results of simulations: 

Churakov, S. V. and Gimmi, T. (2011) Up-scaling of molecular 

diffusion coefficients in clays: A two-step approach. 

Journal of Physical Chemistry C, 115, 6703–6714.

Specific Examples Relevant to Our Research

19

NE-M1-PRI12ENP – Integrated Nuclear Engineering Project, February-June 2025
“Molecular modeling of materials for nuclear waste disposal applications”

Title Page and Abstract

 Title should be concise and informative 

 Include the names and addresses of all authors

 Abstract - a single paragraph (200-300 words) 

summary of your work. In a minute or less a 

reader should be able to learn:

 the rationale behind the study
 general approach to the problem
 pertinent results
 important conclusions or new questions. 

 One or two sentences each for:
 purpose of the study - hypothesis, overall 

question, objective 
 brief description of the experiment or the 

modeling approach
 results, including specific quantitative data;
 results of any statistical analysis 
 important conclusions or unresolved questions 

that follow from the work 

 Abstract is typically written after the manuscript 

is complete 
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Introduction

 The purpose of an introduction is to explain to the reader the rationale 

behind the work. Typically – 2-3 pages of the manuscript.

 Authors should be able to defend their work based on the information 

provided in the Introduction.

 It places the work in a general scientific context, and enables the 

reader to understand and appreciate its objectives.

 General context  context of a specific discipline  specific problem.
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Introduction

 Provide a broad scientific context. Describe the importance / significance of the 

study. Why was this worth doing in the first place? “So what?”-question. 

 Defend the model / system / method - why study this approach or system? 

What are the advantages? You might comment on its suitability from a 

fundamental scientific point of view or indicate practical reasons for using it. 

 Provide a rationale. State your specific hypotheses or objectives, and describe 

the reasoning that led you to select them. 

 Very briefly describe the experimental design or the modeling approach and 

how they will accomplish the stated objectives. 

 Organize your ideas, making one major point with each paragraph. If you 

make the four points listed above, you will need a minimum of four paragraphs. 

 Be as precise and specific as possible - do not oversimplify. 

 Think of your potential readers and remember that they are not necessarily as 

familiar with the subject as you are. 

 Present background information only as needed in order to support a position. 

The reader does not want to read everything you know about a subject. 
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Methods and Materials

 Keep this section as concise as you possibly can. People will want to read 

this selectively (often printed in small print). The reader may only be interested 

in one formula or part of a procedure. 

 On the other hand, give enough detailed information, so that a 

knowledgeable reader should be able to determine whether or not your 

methods were appropriate and to reproduce your results. A scheme of 

experimental setup is appropriate here.

 This should be the easiest section to write. A typical lab notebook should 
contain all of the information that one needs for this section.

 Report the methodology, not details of each procedure that employed the 

same methodology. This section is not a set of instructions. 

 Generalize - report how procedures were done, not how they were specifically 

performed on a particular day. Always think about what would be relevant to an 

investigator at another institution, working on their own similar project. 

 If well documented procedures were used, report the procedure by name, 

perhaps with a literature reference. 

 Omit all explanatory information and background - save it for the discussion. 

 Omit information that is irrelevant to a third party, such as what color ice bucket 

you used, or which individual logged in the data.
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Methods and Materials

 For a theoretical / computational paper all the 

theoretical derivations and equations / methods 

used in the study should be introduced and 

described here.

 For an experimental paper reporting the results of 

measurements a scheme of experimental setup is 

appropriate in this section.
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Methods, Materials, and Models
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Results

 The purpose of this 

section is to present 
and illustrate your 
findings. 

 Use figures and 
tables to present 

results most effectively. 

 This should be a 

completely objective 

report of the results.

 Save all interpretation 
for the discussion.

 Point the reader to 

observations that are 

most relevant. 
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Results
 Analyze your data, then prepare the analyzed 

(converted) data in the form of a figure (graph), 
table, or in text form. 

 Do not present the same data more than once 
(either in a figure or in a table). 

 Present the results in order of their importance 
and relevance to further discussion, not in a 
sequence in which they were obtained.

 Distinguish material that should normally be 
included in a research article from any raw data 
or other appendix material that would not be 
published. (Such material should not be 
submitted at all unless requested by the Editor or 
a Reviewer of the manuscript).

 Typically figures and tables are included in the 
back of the manuscript (following Literature 
References).

 Each figure and table must be sufficiently 
complete that it could stand on its own, separate 
from text. Formulate descriptive figure and 
table captions.

 Typically 3-5 pages.
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Discussion

 The objective is to provide an interpretation of your results and support for 
all of your conclusions, using evidence from your experiment and generally 
accepted knowledge, if appropriate. 

 Explain all of your observations as much as possible, focusing on 
mechanisms. 

 Use figures and tables to present your observations most effectively. 

 Interpret your data in the discussion in appropriate depth: 

 When you explain a phenomenon you must explain mechanisms. 

 If your results differ from your expectations or someone else’s results for similar 
systems, explain why that may have happened. 

 If your results agree, then describe the theory that the evidence supported. 

 It is never appropriate to simply state that the data agreed (or disagreed) with 
expectations, and let it drop at that.

 Decide if each hypothesis is supported, rejected, or if you cannot make a 
confident decision. Do not simply dismiss a study or part of a study as 
"inconclusive." 

 Make suggestions how the experiments/calculations might be modified, if 
necessary, in order to properly test the hypotheses or accomplish the 
objectives. 

 Try to offer alternative explanations if reasonable alternatives exist. 
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Summary or Conclusions

 Always keep the big picture in mind, where do 

you go next? 

 One paper will not answer all questions, best 

studies open up new directions of research. 

 What questions remain? 

 Be creative, and don't be afraid to speculate 

based on your results and their interpretations. 
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Summary or Conclusions

30

 Always keep the big picture in mind, where do 

you go next? 

 One paper will not answer all questions, best 

studies open up new directions of research. 

 What questions remain? 

 Be creative, and don't be afraid to speculate 

based on your results and their interpretations. 
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Summary or Conclusions

31

 Always keep the big picture in mind, where do 

you go next? 

 One paper will not answer all questions, best 

studies open up new directions of research. 

 What questions remain? 

 Be creative, and don't be afraid to speculate 

based on your results and their interpretations. 
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Literature References

Acknowledge the sources of financial support for 
you work.

Acknowledge essential technical assistance and 
discussions with persons who are not co-authors of 
the manuscript.

When you refer to information, distinguish data 
generated by your own studies from published 
information. 

List all literature cited in your manuscript.

Different journals have different formats for 
references.

 In a proper research paper, only primary literature is 
used (original research articles authored by the 
original investigators). 

A web site is generally not an appropriate reference. 

 If you are citing an on-line journal, use the journal 
citation (name, volume, year, page numbers). 

Typically, a regular research paper has 20 to 50 
literature references.
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Presenting Research at a Conference –

The Anatomy of a Conference Talk (I)

 Typically, only 15-20 minutes to present your results 
 ~10-15 slides at most

 Every word counts, every slide or figure counts

 There in no way to give an extensive research 
background and all the supporting information for your 
project in such a talk

 Graphics is much more preferable to tabulated data or 
wordy descriptions

 Font size of the figures should be larger, than one 
typically uses in  printed manuscript

 Always keep your audience in mind the same way you 
keep your readers in mind while writing a research paper
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Presenting Research at a Conference –

The Anatomy of a Conference Talk (II)

Structure of a talk may be similar to that of a paper, but 
it might be beneficial to use it backwards:

 Put your work into the context of general scientific area 

and formulate the problem you are going to address by 

2-3 slides

 Focus only on 2 or 3 specific results and/or conclusions

 Clearly and concisely state your conclusions

 Support these statements by data

 Use only the most essential data, skip the details

 “Methods” can be skipped completely or mentioned just 

briefly
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Questions for the final paper / report on one of the 21 topics, 
e.g., 1 – clays; 2 – cement; 3 – TiO2 surfaces; 4 – corrosion; 
5 – organics, etc. (https://moodle.imt-atlantique.fr/course/view.php?id=407 )
(Please use only as a guidance)

 What molecular modeling method was used and why?

 Was it a fully atomistic simulations, or some simplified models were used?

 What other approximations were used in the modeling?

 What was the number of particles in the simulations? Was it big enough for the 
specific problem? Was it small enough to make the simulations computationally 
efficient?

 How long-range electrostatic interactions were handled in the simulations? Was it 
important for the given problem?

 What kind of boundary conditions were applied to the simulation box? Why?

 What properties of the system were calculated from the molecular simulation? 

 Make a qualitative assessment of the accuracy for the calculated properties given the 
number of atoms in the simulated system and the duration of the simulation.

 What other properties would you additionally calculate from the same simulations for 
the same system?

 Formulate 2 or 3 strong points of the given molecular simulation paper and 2 or 3 
weak points of the paper.
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