


months in the laboratory"

on the  

computer

"Two hours in the library can save six



❖Identify the framework of the research,

❖ Up-to-date overview and information about the topic being studied,

❖ Show the importance & originality of the research,

❖ The quality of literature review and your final work depends on the quality of

literature survey/search,

❖ Find how to conduct the research,

❖ Provides to find or design possible new researches,

❖ Eliminates the previous methods that did not work-enables save your time.



Step 1. Go to the library

Step 2. Search the database of  

the library Step 3. Find the source



https://www.researchgate.net/

https://www.webofscience.com/wos/woscc/basic-search 

https://www.elsevier.com/solutions/sciencedirect?dgcid=RN_AGCM_Sourced_300006409&gclid=Cj0KCQjw-fmZBhDt

https://www.researchgate.net/
https://www.webofscience.com/wos/woscc/basic-search
http://www.elsevier.com/solutions/sciencedirect?dgcid=RN_AGCM_Sourced_300006409&gclid=Cj0KCQjw-fmZBhDt


Suitable
keyword

Suitable  
search  

engines-
databases

Using  
multiple  

databases

Multiple  
search



For a specific term use “…” eg. “gel casting ceramics”

For mulitiple terms use ……… and ……… eg. Flexure and ceramic  

For diffrent terms use + ……… + ……… + eg. +glass+melting+furnace

If you want to remove one term in your search use + ……… - ……… - eg.

+nanofabrication-solidification



Primary literature (sources)

➢ Scientific research papers-articles

• (original articles, case reports, technical notes, pictorial essays, reviews, commentaries

and  editorials)

➢ Books

➢ Proceedinds

• (Studies presented in any scientific meeting)

➢ Thesis and scientific reports

➢ Patents



Secondary literature (sources)

➢ Review papers-articles

• (original articles, case reports, technical notes, pictorial essays, reviews, commentaries

and  editorials)

➢ Databases give the abstract of the study



Ternary literature (sources)

➢ Dictionary, encyclopedia

➢ Guides

➢ Lecture notes



➢ Internet (Web-site should be reliable and experience is necessary)

➢ Newspaper (No intention for scientific studies)

➢ Popular scientific magazines (Lacking of original study, profit motive  

establishment)

➢ Unpublished or informally published work (Gray literature)



AYBU-Library



Science Direct



Elsevier



Wiley



Patent Search



YÖK-Thesis



TR Dizin



BOREN



RESEARCHGATE

YOU CAN CREATE AN ACCOUNTBUT  

DO NOT ADD YOUR THESIS  

WITHOUT THE PERMISSION OF  

YOUR ADVISOR!!!!!!!
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Results and Discussion

M.F.Öktem
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Discussion and Results section of a paper/research report is composed of two sections: 

• Results of your main/important findings
• Comparison of your results with other studies 

In that sense;
You can give specimen data, info on how you conduct the 
analyses/testing/experimentation in the method section but the output (results) should 
be given in the Results/Discussion section. 

Results and Discussion

MSE 411 GRADUATION PROJECT
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• This section gives you the limitations of your research

• What are the contributions of your study to the literature in the field?

• Gives keys to other researchers in the subject of the paper

Results and Discussion

MSE 411 GRADUATION PROJECT
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How to Organize This Section? 

Results and Discussion

MSE 411 GRADUATION PROJECT

• Results and Discussion section follows Methods and Materials section
      So it should give the outputs (results) of the Methods and Materials section

• In research papers, this section is expected to give more information than Methods 
and Materials section based on the obtained and processed data (not only raw data). 
So expect more pages of this section than Methods and Materials section!
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How to Organize This Section? 

Results and Discussion

MSE 411 GRADUATION PROJECT

• Organize your research data based on how important those are in relation to your 
research. This section should focus on showing major results that support or reject 
your research hypothesis. 

Reference: https://goldbio.com/articles/article/Guide-to-results-and-discussion-section
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How to Organize This Section? 

Results and Discussion

MSE 411 GRADUATION PROJECT

• You can prioritize your research data based on importance – focusing heavily on the 
information that directly relates to your research questions using the subheadings. 
The organization of the subheadings for the results section usually mirrors the 
methods section. It should follow a logical and chronological order.
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How to Organize This Section? 

Results and Discussion

MSE 411 GRADUATION PROJECT

Subheadings
• Subheadings within your results section are primarily going to detail major findings 

within each important experiment. And the first paragraph of your results section 
should be dedicated to your main findings (findings that answer your overall research 
question and lead to your conclusion) 
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How to Organize This Section? 

Results and Discussion

MSE 411 GRADUATION PROJECT

Subheadings
Each subheading may contain:
Text: to explain about the research data
Figures: to display the research data and to show trends or relationships, for examples 
using graphs or pictures
Tables: to represent a large data and exact value
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How to Organize the Discussion Section
 

Results and Discussion

MSE 411 GRADUATION PROJECT

In the discussion part, you should compare your results with the literature data. It is not 
only comparing but strengthens your hand. Proves you are getting accurate data!
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How to Organize the Discussion Section
 

Results and Discussion

MSE 411 GRADUATION PROJECT

Based on your findings, you defend the answers to your research questions and 
create arguments to support your conclusions.

Below is a list of questions to guide you when organizing the structure of your 
discussion section:
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How to Organize the Discussion Section
 

Results and Discussion

MSE 411 GRADUATION PROJECT

What experiments did you conduct and what were the results?
What do the results mean?
What were the important results from your study?
How did the results answer your research questions?
Did your results support your hypothesis or reject your hypothesis?
What are the variables or factors that might affect your results?
What were the strengths and limitations of your study?
What other published works support your findings?
What other published works contradict your findings?
What possible factors might cause your findings different from other findings?
What is the significance of your research?
What are new research questions to explore based on your findings?
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How to Organize the Discussion Section
 

Results and Discussion

MSE 411 GRADUATION PROJECT

Organizing the Discussion Section
The structure of the discussion section may be different from one paper to another, but 
it commonly has a beginning, middle-, and end- to the section.

The beginning: The first sentence of the first paragraph should state the importance and 
the new findings of your research. The first paragraph may also include answers to your 
research questions mentioned in your introduction section.
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How to Organize the Discussion Section
 

Results and Discussion

MSE 411 GRADUATION PROJECT

Organizing the Discussion Section

The middle: The middle should contain the interpretations of the results to defend your 
answers, the strength of the study, the limitations of the study, and an update literature 
review that validates your findings.
The end: The end concludes the study and the significance of your research



Creating an 
Effective 
Academic 
Poster

Dr. Furkan Özdemir



• The purpose of this lecture is to provide you with the essential 
principles for creating an academic poster presentation.

• The style, content, and structure of your presentation may differ 
depending on your specific research and the constructive 
recommendations provided by your advisors.

• We encourage you to foster a collaborative relationship with your 
advisor as you develop your poster presentation.



What is a Poster Presentation?

• You create a poster with information about your research
• Your advisor will help and guide you

• Hang poster up at a conference/exhibit hall/designated area

• Present the poster to people in attendance.

My

Research Y

O

U



Posters are essential for scientific communication and 
advancing a successful scientific career. 

They provide a unique medium for presenting high-quality 
science and should be approached distinctively from oral 
presentations and published papers. 

Posters serve as snapshots of your work, fostering 
engagement and encouraging further exploration. Valuable 
collaborations often start with a poster presentation. 



• Look up details to determine when and where to present 
poster

• Five minutes early is “on time”

• May take several minutes to find board and hang 
poster

• Dress business or business casual

• Wear name tag

• Lots of people crammed into tiny space = hot

• Bring water

Poster Presentation 



Content Planning

1. What is my poster presentation about?

2. Why am I conducting this research? Why does it matter?

3. What materials and methods did I use?

4. What are my results?

5. What conclusions did I make?

6. What are my recommendations or future directions based on this 
research?

Questions Poster Should Answer

Content Planning



Poster SectionsPoster Sections

Logo? Logo?Title and Authors

Abstract?

Introduction

Materials 

and methods

Figures

Results

(more figures?)

Conclusions

References

This is a “Landscape” Layout



Poster SectionsPoster Sections

Logo?Title and Authors

Abstract?

Introduction

Materials 
and methods

Figures

Results
(more figures?)

Conclusions

References

Logo?

This is a “portrait” layout



Poster SectionsPoster Sections

• Posters typically flow left to right 

• Or up to down



Poster SectionsPoster Sections

• Format and layout varies by discipline and conference
• Posters may be square-shaped, landscape, portrait

• You may need different sections?
• Literature review

• Current status of research

• Future plans

• Funding, etc.

• Check with your advisor to determine what is normal for your discipline and 
adhere to conference requirements

• Check MSE 411 guidelines



Please see the template for MSE 411 academic poster  

presentation

You have two options

- Two columns

- Three columns

Poster Sections



Poster Size

We will be using A1 size for the MSE 411 literature poster presentations.



Design Principles

• Use good combinations (3 colors) and use color which is fitted to graphics.

• Make sure you have plenty of graphics to describe the findings in the  

liteature. Text can also be written with bullet points when necesary.

Design principles



Design PrinciplesDesign principles

• Software

• Powerpoint

• Adobe XD

• CorelDraw

• Illustrator



Graph and charts

• Always include a descriptive title

• Make sure each axis has a legible label

• Avoid including gridlines

• Use color and formatting to distingusih data

Graphs and Charts



REMEMBER

Pay Attention!

• To use images with high resolution

• To number and label all tables and figures

• To link the figures to the text

• To use as many as images possible BUT do not  overload 

the poster with unnecessary figure.

Graphs and Charts



TEXT

• Left aligned text is easiest to read.

• Use bullet points whenever you can, not  text.

• Use readible fonts.

Text



SIZE: A1 Poster

• Title: 60+

• Subtitle: 40+

• Text: 25+

• Subtext: 15+

Size, A1 Poster



Show the important points

•To highlight the important words and 

phrases: Underline and make bold

•Avoid using to many formats

Visual Hierarchy



Visual Hierarchy



Poor Design

https://betterposters.blogspot.com/



Poor Design



What Makes a Good Research Poster

The poster format provides more freedom in how to present an idea than a standard academic paper, 

so feel free to be creative in your poster design. Don’t feel limited by the text of the paper that you’re 

basing the poster on or strict conventions of how all posters “should” look. You can use boxes, 

different formatting techniques, fonts, and images to create a visually pleasing poster. Generally, you 

want to follow these basic design guidelines:

•Important information should be readable from about 10 feet away

•Text is clear and to the point

•Use of bullets, numbering, and headlines make it easy to read

•Effective use of graphics, color and fonts

•Consistent and clean layout

https://publish.illinois.edu/commonsknowledge/2022/04/



Design PrinciplesDesign principles



Design Principles

Eye tracking results

Courtesy of Mike Morrison

Design principles



Design PrinciplesDesign principles



Design PrinciplesDesign principles



• Fast-Check: Control your argument, statistics, figure and  

references

• Proofread: Check spelling mistakes, repeated words and  

grammatical errors.

• Check references.

• Print test: Print out your A4 poster and control it.

• Save: Save the file as pdf and control it before printing  the 

A1 size poster

Final Control



This lecture notes inspired by personal experience and following sources;

• Creating academic poster by Tulpesh Patel

• Mastering Scientific Poster Design by Mike Morrison

• Research poster creation and presentation by John Starbuck

References
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How to prepare a presentation



Keep it simple: Concentrate on your core message

•When planning your presentation, you should always keep in mind the question:  

What is the key message (or a few key points) for my audience to take away?

You have so much knowledge you want to share, educate and persuade.

➢ Instead of squeezing every ounce of your knowledge into the limited time allocated to  

your speech, you will be most effective by concentrating on just one (or a few) core idea 

that your audience can resonate with.

➢ The important thing is to keep your core message focused and brief. Then, your audience  

can walk away with a clear message after the presentation.

• Simplicity not only helps your audience to understand your points better, this

data presentation method lowers the risk of making a mistake, forgetting — and saves you and  

your audience quite a lot of time!

➢ There are different definitions of simplicity; sometimes just a few words are enough, while  

in other cases several bullet points on the slide may be sufficient. Choose what suits your  

topic best.

* https://ezcast-pro.com/stories/effective-presentation-techniques/ 
https://slidepeak.com/blog/presenting-techniques 
https://www.skillsyouneed.com/present/presentation-tips.html

Some suggestions to prepare a presentation *

https://ezcast-pro.com/stories/effective-presentation-techniques/
https://slidepeak.com/blog/presenting-techniques
http://www.skillsyouneed.com/present/presentation-tips.html


Gently introduce people to your accents

➢ With all the ethnic diversity in the world, we can all learn from our  

differences

➢ Despite speaking a common language, our diverse backgrounds would lead  

to little nuances in the way we enunciate words and the way we speak  

phrases.

➢ Intentionally speaking slowly, in the beginning, is not only good practice  

but a good technique to allow your audience to get used to your accents.

➢ You need your listeners to understand your words before they can

understand your ideas.

➢ It’s best to practice explaining your ideas to friends from different  

backgrounds to get a feel of how effective your presentation is to the public.



• Good start to spark curiosity in your audience

➢This method of presentation is all about attention-grabbing because it’s difficult

to concentrate on listening to a new idea, even more so if the idea is boring.

➢Starting your presentation with a powerful statement, unusual fact or an  

interesting question will make the audience engage in your presentation instantly.

➢ It is your job, as a speaker, to spark curiosity in your audience to make sure both

you and your audience enjoy the presentation.

• Focus on your audience’s needs

➢Your presentation needs to be built around what your audience is going to get out

of the presentation.

➢As you prepare the presentation, you always need to bear in mind what the

audience needs and wants to know, not what you can tell them.

➢While you’re giving the presentation, you also need to remain focused on your  

audience’s response, and react to that.

➢You need to make it easy for your audience to understand and respond.



• Present data visually

➢ Visuals are a must for any presentation and are able not only to support your speech

but also to tell and contribute to the stuff you’re telling about.

➢ The pictures, graphs, infographics, and even short videos are what truly make the  

presentation, and help you to connect with your audience because NOT all people  

perceive numbers and data in the same way.

➢ A carefully selected visual connects both with your speech and the slidecontent,  

making your presentation methods work in complete harmony.

➢ Visuals can serve as a great way to help you recall your speech in case you suddenly

forgot some of it during the presentation.

• Know your audience

➢ Make sure that the data presentation methods you are using make your data relevant

to your audience.

➢ You can just tell the audience what it wants and expects to hear.

➢ Such an approach would result in the satisfied and interested audience enjoying your  

presentation.



Practice your presentation over and over again

• Don’t rush to tell your presentation just once you’ve made it. Instead, try to

first rehearse your presentation in front of a mirror, or find a friend to listen to

you speak and provide constructive feedback.

• This presentation technique allows you to spot the mistakes and downfalls in  

your speech.

• It can also make you more confident, as with each time you rehearse you’ll  

memorize your stuff better and better.

➢ it is important to not make unnecessary pauses and avoid the “ummm”,  

“oh” and other similar stuff that slows down your presentation and may put  

off the audience

• When you are presenting, it’s important not only WHAT you say, but also HOW 

do you say it.

➢Creating a proper voice for presentations is actually one of the things you

need rehearsal for.



Tell stories

➢ Human beings are programmed to respond to stories. Telling a story is a  

powerful presentation technique for keeping the audience interested.

➢ In general, people get bored from being fed just straight-up facts and  

numbers for a long time. However, an interesting story, connected to the  

subject of your presentation gives that personal touch to it, engaging the  

audience into what you are talking about.

➢ A good story in the context of the presentation will actually resonatewith  

the audience, causing more approval to you as an expert. Think about  

what story you are trying to tell your audience, and create your  

presentation to tell it.



Back up plan

• Even though you may plan everything in advance, something can always go  

wrong.

• The strange ability of the hardware to malfunction right in the middle of your

presentation is probably one of the most known presentation-related memes.

• So, plan at least some of the bad scenarios.

➢have a printed set of slides with you during your presentation.

➢ check everything right before you’ll start presenting.

• A good idea also is to have your script written out so that in case you have  

completely forgotten some of its parts, you can easily and quickly look into it  

and goon with the presentation.



Relax, Breathe and Enjoy

• Actually, the most common reason for the mistakes are the nerves and fear a lot

of people feel while presenting.

➢one option is to start by concentrating on your breathing. Slow it down, and

make sure that you’re breathing fully. Make sure that you continue to pause

for breath occasionally during your presentation too.

• It’s absolutely normal to be a little worried about the presentation, but you have  

to instill confidence in your knowledge and expertise with the subject among the  

audience, and it’s hard to do if you feel fear.

• Try to reason with yourself

➢you have rehearsed, prepared great visuals, learned about the audience and  

even have a plan B in case the situation gets worse.

• There’s nothing to worry about

➢ you have all the right presentation techniques!



Other important points to consider:
1.It has been estimated that more than three quarters of communication is non-verbal. As wellas  

your tone of voice, your body language is crucial to getting your message across.

▪ Body language to avoid includes crossed arms, hands held behind your back or inyour

pockets, and pacing the stage.

▪ Make your gestures open and confident, and move naturally around the stage, and among the  

audience too, if possible.

1.If you have full sentences and too many, you will probably start reading and you will lose the  

interest of your audience.A full sentence is NOT required at all. You can only mention keywords or  

make short sentences.

2. Remember the 10-20-30 Rule for slideshows

• Contain no more than 10 slides (depends on the allocated time for you)

• Last no more than 20 minutes (in most of the conferences, your total time is about 15-20 mins)

•Use a font size of no less than 30 point (important as it stops you trying to put toomuch  

information on any one slide).

➢ Legible font size to be clearly seen from the back of conference room is essential.

4. A formal (or semi-formal) attire is required.

5. Make sure that color contrast in your presentation does not blind yourdata.



TITLE PAGE

• Make sure that  
title represents  
your overall  
work.

• Do not use  
abbreviations in  
your title.

• Affiliations are  
written  
separately for  
each researcher.

• Company or  
university logo  
can be used.



OUTLINE

• INTRODUCTION AND BACKGROUND
➢Low Temperature Co-Fired Ceramics (LTCC)

➢Al2O3 and Mullite

• AIM

• EXPRIMENTAL PROCEDURE

• RESULTS AND DISCUSION
• Al2O3/Glass (/hBN) and Mullite/Glass (/hBN) composites

➢ Powder Characterization

➢ Phase Formation and Densification

➢ Mechanical Properties

➢ Dielectric Properties

➢ Thermal Properties

• LTCC prototype

• CONCLUSIONS

Outline gives the first  
impression of your talk  
to the audience.
Therefore, try to select
important keywords for
each subtitle.



Introduction and Background

Essential properties for a dielectric resonator

r➢ Various dielectric constant (ε )
➢ Various quality factor (Q)
➢ Near zero temperature coefficient  

of the resonant frequency (τf)

http://www.tect-electronics.com/uploads/files/IMC/Ceramics%20Resonators.pdf

R. Freer, F. Azough, Microstructural engineering of microwave dielectric ceramics,

Journal of the European Society 28(2008), 1433-1441.

Other important properties;

➢ reduction of antenna components size,
➢ signal selectivity,
➢ cost, mass, efficiency, stability, durability,

robustness and ease of use
➢ τf of dielectric resonators can be designed to a

desired value to meet the circuit designer's  
requirements.

Typical properties of  

microwave dielectric ceramics

Commercial dielectric resonators

You briefly mention  
about your studies  
by presenting  
literature  
information (such  
as critical system  
parameters,  
ceramic property  
data, company  
products, etc.).
Introduction and  
background can be  
separated and can  
be more than one  
slides.

http://www.tect-electronics.com/uploads/files/IMC/Ceramics%20Resonators.pdf


Aim

AIM of your talk is  
important to make the  
audience wonder about  
your study.
Make sure that your  
results and discussion  
sections will be built on  
your aims.



Experimental procedures

It is easy to follow experimental studies by preparing a  
flowchart and briefly explaining the parameters.
Of course, various flowchart styles are possible.



As-received nano ZrO2 powders are highly agglomerated

Characterization of as-received ZrO2 powders

As-received powder: 3 mole% Y2O3 stabilized ZrO2  

Average particle size 50-75 nm

S.A. 37.9 m2/g
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Mean particle size is 10 m
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Particle size, m

Results and Discussion

Main outcome

Preliminary experimental results  
to support main outcome. SEM  
and particle size distribution  
prove that nano particles are  
agglomerated.

Main idea of this slide

Initial parameters to be  
discussed or correlated with  
other parameters



Ultrasonication and centrifuging resulted in well-dispersed powders

as a result of removal of hard aggregates.

Characterization of ZrO2 suspensions without PEI

Deagglomeration  by ultrasonication (120 W) for 2, 10, and 30mins.
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What methods are applied  
to solve agglomeration  
problem?

Main outcome

Combination of the  
graphs to summarize and  
compare the results

Main problem or topic

Results and Discussion
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Dissociation of PEI, 
J. of Coll. and Inter. Sci. 216, 436–439 (1999)
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2 n 2
3H O+

Enrich your results with  
literature data and basic  
equations, if necessary.  
Do not forget to cite the  
references you use.

Results and Discussion
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1514 cm-1: -NH2
+- deformation vibration  

1468 cm-1: -CH2 deformation vibration

It may be difficult to  
follow the graphs and  
takes time to explain all  
of them; therefore, list  
some important data  
points to take attention  
while presenting.

Results and Discussion



-20

-30

70

60

50

40

30

20

10

0

-10 4 5 6 7 8 9 10 11 12

pHZ
et

a 
p
o
te

n
ti

al
,m

V

0

20

40

60

100

0.01 10

C
u
m

u
la

ti
v
e 

V
o
lu

m
e

%

0.1 1

Particle size, m

pH 4.9

80 ● pH8.4

▲ pH 9.1

pH 11.5
pH 10.3

3 wt% PEI

0

15

30

45

0 4 8 12 16 20 24

pH 11.5

pH 10.3

pH 4.9-9.1

C
la

ri
fi

ca
ti

o
n
 t

h
ic

k
n
es

s,
m

m

Time, hour

Bigger particle size and higher

settling rate at the IEP

Results and Discussion

It is wise to express or  
combine various results  
in a single slide.

Here, zeta potential,  
particle size distribution  
and sedimentation  
behavior are all  
evaluated and correlated  
based on the suspension  
pH.



Results and Discussion

Sometimes, a full set of data must be presented at the same time. If you need to mention some
part of the data, highlight that section and take the audience’s attention over there.

Suitable for the LTCCs but LOW thermal conductivity

SOLUTION: Addition of  
fillers with high thermal  
conductivity e > 700°C and

processing procedures

Filler Thermal conductivity, W/m.K

hBN 59 W/m.K parallel and 33 W/m.K Stab
perpendicular to basal plane at 25°C

BeO 293 (25°C) Toxicity problem

AlN 320 (25°C) Decomposition temperatur
need non−aqueouspowder

le up to 1000°C in air
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Results and Discussion  

Microstructure evolution

It is wise to express or  
combine various results  
in a single slide.

Here, pH dependence of  
the colloidal stability (or,  
isoelectric point-IEP) on  
densification is explained  
by combining the  
respective SEM pictures.  
In other words, green  
ceramics prepared from  
colloidally stable slurries  
were densified fully and  
microstructures were  
pore-free.

Stable suspensions yield dense ceramics



1m 1m

1m 1m

Coating at 1 wt% PEI Coating at 3 wt% PEI

When PEI is applied, surface coverage of polystyrene particles

with ZrO2 nanoparticles consistently decreases –WHY?

As-received polystyrene spheres Coating at 0 wt% PEI You can motivate the  
audience more by  
asking some questions.

Results and Discussion



Positively charged excess PEI easily adsorbs on the surface of negatively charged

PS particles by electrostatic attraction, which hinders an effective coverage of PS

particles with ZrO2 nanoparticles.

wrt dry weight of polystyrene spheres

0.25 wt% excess at 1 wt% PEI

0.61 wt% excess at 3 wt% PEI

at 1 wt% PEI ⇒partial coating

at 3 wt% PEI⇒ almost no coating

It is sometimes  
easier to explain the  
main outcome of  
your results by  
drawing schematic  
pictures (or course,  
based on your  
analytical analysis)

Results and Discussion



Conclusions

Main problems and their  
solutions are summarized  
in this section. This section  
must be correlated with  
the aim of the study.
In fact, main outcome of  
each slide is listed here.

• Nano ZrO2 powders were successfully dispersed in water,using

PEI.

•Ultrasonication and centrifuging resulted in well-dispersed  
powders as a result of removal of aggregates.

• Isoelectric point (IEP) increased from pH 7 at 0 wt% PEI to pH

10.3 at 3 wt% PEI.

• Particle size increased and sedimentation rate became faster on

reaching pHiep due to coagulation in thesuspensions.

•PEI adsorption increases with initial PEI content and suspension  
pH.

• Samples with densities ≥ 98% were fabricated from colloidally

stable suspensions.



Last slide of your talk.



Establishing a research 
question and hypothesis



When giving a seminar on "Establishing a 
Research Question and Hypothesis," it's 
essential to cover the fundamental 
principles of crafting strong research 
questions and hypotheses, while also 
providing practical examples. 

Here’s a general framework and key points 
you can address in your seminar:



1. 
Understandin
g the Role of a 
Research 
Question:

 A research question defines the focus of your study. 
It’s the foundation on which your research is built and 
should guide your entire investigation. A well-defined 
research question:

 Directs your study: It clarifies what you are trying to 
investigate.

 Sets boundaries: It helps in narrowing the scope to a 
specific topic, making the research more manageable.

 Drives the methodology: It shapes the research 
design, methods, and analysis.

 Aligns with gaps in knowledge: A good question 
identifies what is not yet understood or fully explored in 
the literature.



Key 
Characteristic
s of a Strong 
Research 
Question:

Clear and Focused: It should be specific 
enough to be answerable.

Researchable: It must be answerable 
using empirical evidence, data, or analysis.

Complex: It shouldn’t be answerable by a 
simple "yes" or "no"; it should require 
exploration.

Relevant: It should address a real problem 
or gap in the field.



Examples of 
Research 
Questions:

Poor: What causes global warming? (Too 
broad)

Strong: How does the increased 
concentration of greenhouse gases in the 
atmosphere contribute to the melting of 
polar ice caps between 2000 and 2020? 
(Specific, measurable, and focused)



2. Steps to 
Formulating a 
Research 
Question:

 Identify a Broad Topic: Start with a general area of 
interest (e.g., environmental sustainability, healthcare 
outcomes).

 Narrow the Focus: Focus on a specific aspect of the 
topic that interests you and is feasible to research (e.g., 
the role of public policy in reducing carbon emissions).

 Review the Literature: Examine what is already known 
and identify the gaps. This helps refine your question to 
ensure it’s original and relevant.

 Define the Problem: Identify a real-world problem or 
knowledge gap that your research can address.

 Make It Specific: Ensure that the research question is 
detailed enough to guide your investigation clearly.



3. Types of 
Research 
Questions:

Descriptive: What is happening? (e.g., What 
are the patterns of internet use among 
adolescents?)

Comparative: How does one factor compare 
to another? (e.g., How does hybrid learning 
compare to traditional learning in improving 
academic performance?)

Causal: What causes something to happen? 
(e.g., What is the effect of daily exercise on 
mental health?)



Examples

Ineffective question

 Can engineering products help local authorities prepare 
against natural disasters? may be an ineffective question. 
This can be an excellent topic, but the question is too 
simple. Researchers can answer this question with 
a yes or no response. It's an obvious answer that doesn't 
require much research to conclude.

Effective question

 How can engineering products help local authorities 
prepare against EF5 tornados? is possibly a more effective 
version of the above question. It outlines a specific natural 
disaster, narrowing the study field and producing refined 
results. It can also be effective because the answer is 
more complex and in-depth than yes or no, providing more 
benefits to society.



Examples

"How does the use of austenitic steel in rail 
manufacturing affect the durability, wear resistance, 
and long-term maintenance costs compared to 
traditional rail materials?«

"Is austenitic steel good for making rails?"



Examples

"What are the key advancements in stealth 
technology that enhance radar evasion capabilities, 
and how do these advancements impact the 
strategic effectiveness and cost-efficiency of modern 
defense systems?

"Is stealth technology useful in the defense 
industry?"





4. 
Transitioning 
from a 
Research 
Question to a 
Hypothesis

Once the research question is 
established, the next step is to form a 
hypothesis. The hypothesis is a tentative 
explanation or prediction that you can 
test through research. It is closely tied to 
the research question but takes the form 
of a statement that can be supported or 
refuted.



5. 
Understanding 
Hypotheses

A hypothesis:

Predicts a relationship: It suggests an 
expected outcome based on prior 
knowledge or theory.

 Is testable: A good hypothesis can be 
measured and tested empirically through 
experiments, surveys, or other research 
methods.

 Is specific: It should clearly define the 
variables and the predicted relationship 
between them



Example
Transition

Research question: How do surface 
treatments affect the fatigue resistance of 
titanium alloy scaffolds?

Hypothesis: Titanium alloy scaffolds with 
anodized surface treatments will exhibit 
greater fatigue resistance compared to 
untreated scaffolds due to improved surface 
roughness and pore distribution.



6. Types of 
Hypotheses

 Null Hypothesis (H₀): States that there is no 
significant effect or relationship between the variables. 
It is tested with the intention of being rejected or

disproven.
Example: There is no difference in the fatigue 
resistance of treated and untreated titanium scaffolds.

 Alternative Hypothesis (H₁): States that there is a 
significant effect or relationship between the variables. 
This is what you hope to support through your 

research.
Example: Titanium scaffolds with surface treatments 
exhibit higher fatigue resistance than untreated 
scaffolds.



8. Testing the 
Hypothesis

 The research design and methodology will flow from 
the hypothesis. Testing the hypothesis involves:

 Choosing appropriate methods: For example, 
experiments, observations, or simulations that directly 
address the variables in the hypothesis.

 Collecting data: The data should either support or 
reject the hypothesis.

 Analyzing results: You will compare the findings 
against the expected outcome outlined in the 
hypothesis to draw conclusions.



9. Common 
Pitfalls to 
Avoid

 Too broad or vague questions: Narrow them down 
for focus and clarity.

 Hypotheses that cannot be tested: Ensure the 
hypothesis is measurable and can be tested with 
available resources.

 Ignoring the importance of the null hypothesis: 
Always consider the null hypothesis and be prepared 
to accept it if the data supports it.



10. Examples 
of Strong 
Research 
Questions and 
Hypotheses

 Example 1:

 Research Question: How does temperature variation affect 
the growth rate of metal oxide films on titanium alloys?

 Hypothesis: Increasing the temperature will accelerate the 
growth rate of metal oxide films on titanium alloys due to 
enhanced atomic diffusion rates.

 Example 2:

 Research Question: What is the impact of microstructure on 
the corrosion resistance of steel alloys?



Hypothesis

Steel alloys with a finer microstructure will 
exhibit higher corrosion resistance 
compared to those with a coarser 
microstructure.

By covering these points in your seminar, 
you will equip your audience with a 
thorough understanding of how to establish 
a research question and hypothesis, and 
how these elements drive the entire 
research process.



What are the key 
advancements in 
stealth technology that 
enhance radar evasion 
capabilities, and how 
do these 
advancements impact 
the strategic 
effectiveness and cost-
efficiency of modern 
defense systems?

Research Hypothesis:

Advancements in stealth technology, particularly in 
radar-absorbing materials (RAM), reduced radar cross-
sections (RCS), and active cancellation techniques, have 
significantly enhanced radar evasion capabilities. These 
advancements improve the strategic effectiveness of 
defense systems by reducing detection rates, thus 
increasing the survivability of military assets. Moreover, 
the long-term cost-efficiency of modern defense 
systems is positively impacted by reduced maintenance 
needs and the extended operational lifespans of stealth 
platforms, despite high initial development costs.



MSE 411-12 GRADUATION 
PROJECT
Project management





























How to present a research PAPER as 
PRESENTATION
• https://www.youtube.com/watch?v=9qGFh-XcuNk

https://www.youtube.com/watch?v=9qGFh-XcuNk


Dr. Jean Fotie
Department of Chemistry and Physics

Southeastern Louisiana University

RESEARCH LAB SAFETY

HOW TO KEEP A LAB NOTEBOOK



OVERVIEW

❑ Generality of laboratory notebook 

❑ Selection of laboratory notebook

❑ Notebook labelling

❑ What should be recorded in the laboratory notebook

❑ Who owns the laboratory notebook

❑ Laboratory notebook ethics

❑ Summary



WHAT IS A LAB NOTEBOOK

❑ Written record of procedures, reagents, data, calculations,
thoughts, explanations, and results of experiments

❑ Legal document used to defend intellectual property and
accusations of fraud

❑ Knowledge for future researchers

❑ Support document for thesis and publications

Guidelines for keeping a laboratory notebook (rice.edu)
How to keep a lab notebook | Science | AAAS
tutorial_LabNotebook_V9.pdf (columbia.edu)
guide_to_keeping_laboratory_notebooks_2002_508.pdf (nih.gov)

https://www.ruf.rice.edu/~bioslabs/tools/notebook/notebook.html
https://www.science.org/content/article/how-keep-lab-notebook
https://research.columbia.edu/sites/default/files/content/RCT%20content/ReaDI%20Program/tutorial_LabNotebook_V9.pdf
https://www.niehs.nih.gov/health/assets/docs_f_o/guide_to_keeping_laboratory_notebooks_2002_508.pdf


Robert Gallo and the Co-Discovery of HIV (verywellhealth.com)
Crewdson, John (1989-11-19). "The Great AIDS Quest; Science under the microscope". (Special section, 16 pp.) Chicago Tribune.

THE DISCOVERY OF HIV-1

❑ 1983: Luc Montagnier published a paper in Science,
describing a retrovirus called LAV (lymphadenopathy
associated virus), isolated from a patient at risk for AIDS.

❑ 1984: Robert Gallo published a series of four scientific
papers demonstrating that a retrovirus they had isolated
(HTLV-III) was the cause of AIDS.

❑ 1989: John Crewdson suggested that Gallo's lab might have
misappropriated a sample of HIV isolated at the Pasteur
Institute by Montagnier's group.

https://www.verywellhealth.com/robert-gallo-at-the-center-of-the-history-of-hiv-48019
https://en.wikipedia.org/wiki/John_Crewdson
https://en.wikipedia.org/wiki/Chicago_Tribune


"And the Bank Played On" by Randy Shilts

U.S. AND FRANCE END RIFT ON AIDS

Lawrence K. Altman (April 1, 1987)

President Reagan and Prime Minister
Jacques Chirac of France ended a festering
international scientific dispute today.

2008: The Nobel Prize for Medicine was
awarded to French co-discoverers Françoise
Barré-Sinoussi and Luc Montagnier, But
Robert Gallo not included?

U.S. AND FRANCE END RIFT ON AIDS - The New York Times (nytimes.com)
And the Band Played On (1993) (imdb.com)

https://www.nytimes.com/1987/04/01/us/us-and-france-end-rift-on-aids.html
https://m.imdb.com/title/tt0106273/mediaviewer/rm4204148480/


PHYSICAL LABORATORY NOTEBOOK

❑ Paper laboratory notebooks
➢ Hard-cover, stitched binding
➢ Numbered pages
➢ Pages not easily removable
➢ Durable



tutorial_LabNotebook_V9.pdf (columbia.edu)

https://research.columbia.edu/sites/default/files/content/RCT%20content/ReaDI%20Program/tutorial_LabNotebook_V9.pdf


LAB NOTEBOOK IDENTIFICATION

❑ Easy identification to the owner of the notebook

❑ Ability to easily reference collected data to a given
entry in the corresponding notebook

❖ Use of name/initials of researcher, name of the
project or a unique code



tutorial_LabNotebook_V9.pdf (columbia.edu)

❑ Label your notebook clearly with
your full name on the front

❑ If multiple lab note books are
need they may be numbered

❑ Indicate the dates notebook is
used

❑ If the notebook is specific to a
particular project, include on the
front cover

https://research.columbia.edu/sites/default/files/content/RCT%20content/ReaDI%20Program/tutorial_LabNotebook_V9.pdf


CONTENTS OF LABORATORY NOTEBOOK

❑ Inside cover or cover page

❖ Period the lab notebook was used

❖ Project name(s)

❖ The address of the laboratory or office of researcher

❖ Table of contents

❖ Each page numbered and dated



Page # Dates Title of the experiment

1 06/01/2018 Synthesis of oximes
2 06/05/2018 Purification of ZnO2

3 06/06/2018 Preparation of Zn nanoPs

Laboratory of Organic Chemistry

Southeastern Louisiana University

Pursley Hall – SLU 10878

Preparation of zinc nanoparticles

From June 01, 2018 to July 27, 2019

John Doe’s lab notebook  # 2

Table of content





CONTENTS OF LABORATORY NOTEBOOK

❑ Date and titles each experiments

❑ Provide all the experimental details

➢ Protocols, calculations, reagents, equipment used during
experiments

➢ Observations: anything planned or unplanned, raw data,
permanently affixed with reference to data

➢ Conclusions

If multiple researchers using same notebook, name the author of each entry









TIPS  FOR NOTEBOOK HOUSEKEEPING

❑ Use an ink pen (not Pencil) to write in notebook

❑ Write as you go: do not write important results on scratch
paper

❑ In a case of error or mistake, draw a single line through
errors, and re write the correct information

❑ Never use white-out or blackout to fix errors

❑ Complete notebook entries in consecutive page order,
avoid blank pages.



TIPS  FOR NOTEBOOK HOUSEKEEPING

❑ Begin new experimental entries on a new page

❑ Avoid empty spaces in the lab notebook – When not
avoidable, cross out any unused blank space and pages

❑ Do not remove pages from the notebook

❑ Sign/date at the end of each page. Some institutions require
a witness or a direct supervisor to cosign entries, at the
end of each day or each week.



A LAB NOTEBOOK IS NOT…

❑ A journal

❑ A record of communications

❑ A place to compile 

➢ lab protocols/manuals

➢ Hypothesis/goals/specific aims

➢ Background information

➢ Yours to take home



SELECTING A LABORATORY NOTEBOOK

❑ Electronic lab notebook (ELN)

➢ Strong and easy to use note-taking capabilities
➢ “Secured” and Easily navigable 
➢ Allows for imbedded data and images
➢ Easy link between pages
➢ Lock notebook pages
➢ Secure login
➢ Audit trail – timestamp for changes and by whom
➢ Allows for witness signatures
➢ Ability to easily export information in different file types

tutorial_LabNotebook_V9.pdf (columbia.edu)

https://research.columbia.edu/sites/default/files/content/RCT%20content/ReaDI%20Program/tutorial_LabNotebook_V9.pdf


Experiments with an Electronic Lab Notebook | GradHacker

https://www.gradhacker.org/experiments-with-an-electronic-lab-notebook/


Electronic Laboratory Notebooks - Science Survival Kit (thinkingtech.in)

https://www.thinkingtech.in/featured/electronic-laboratory-notebooks/


NOTEBOOKS – ADVANTAGES & DISADVANTAGES

Type of Notebook Advantages Disadvantages

Bound/Stitched No lost pages, legally

stronger

Difficult to copy, not

logically organized,

requires references to data

stored elsewhere

Loose Leaf / Binder Organized by experiment,

data stored together

Sheets fall out, difficult to

authenticate as pages can

be added as needed.

Computer / Electronic Easy to search, easy to read,

Easy to store, available

from different locations

Requires electronic

security, files could be

easily corrupted,

Software compatibility

issue, potential cyberattack



WHO OWNS THE LABORATORY NOTEBOOK 

❑ The institution where the experiments are conducted are the
owners of the lab notebooks

❑ As a researcher, your responsibility is to maintain an
intelligible notebook, for yourself, your PI, and for future
lab members

❑ Laboratory notebooks should never leave the laboratory

Some institutions allow for a researcher to have a secondary
lab notebook or a journal for daily summaries and keys
information a researcher might need when away from the lab



INTELLECTUAL PROPERTY

❑ Laboratory notebook is a proof of intellectual property

❑ The entry pages should also be signed, dated, and have a
person witness the invention

❑ List all co-inventors

❑ Unless specifically waived, the University or company
where the experiments were performed, and/or where the
idea was originated holds the intellectual property rights to
patentable inventions and discoveries, and any associated
technology resulting primarily from the use of its facilities.



LABORATORY NOTEBOOK ETHICS

❑ All data needs to go into notebook, even the result from
unsuccessful experiments

❑ Pages should not be removed from the lab notebook.
Simply draw a line through error and provide the corrected
version.

❑ Record facts, not opinions (ex: no reaction occurred under
these experimental conditions vs. this reaction will never
work!)

❑ Be honest!



REFERENCES

❑ Guidelines for keeping a laboratory notebook (rice.edu)

❑ How to keep a lab notebook | Science | AAAS

❑ tutorial_LabNotebook_V9.pdf (columbia.edu)

❑ guide_to_keeping_laboratory_notebooks_2002_508.pdf (nih.gov)

https://www.ruf.rice.edu/~bioslabs/tools/notebook/notebook.html
https://www.ruf.rice.edu/~bioslabs/tools/notebook/notebook.html
https://www.science.org/content/article/how-keep-lab-notebook
https://research.columbia.edu/sites/default/files/content/RCT%20content/ReaDI%20Program/tutorial_LabNotebook_V9.pdf
https://www.niehs.nih.gov/health/assets/docs_f_o/guide_to_keeping_laboratory_notebooks_2002_508.pdf
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