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Communicating your scientific results is not just about having 

good data or completing a significant calculation (although 

these are critical also!):  you must also present your results 

and support your conclusions both logically and clearly!

Why is it Important to Write Accessible Science Papers?



To see full lecture, go to:  http://physics.illinois.edu/careers-

seminar/UIUC_PRL_Workshop_Hebboul_Pt1.pdf

http://physics.illinois.edu/careers-seminar/UIUC_PRL_Workshop_Hebboul_Pt1.pdf


(1). Identify and write for your audience (e.g., expert, 

general, etc.) – this will govern the level of the 

presentation, i.e., the words you use, the number of 

topics you cover, the figures and results you present

(2). Develop a coherent and concise “story” to present 

your data – sketch out an abstract and introduction

(3). Sketch out a logical and concise outline for 

presenting the “story” of your scientific results –

create an outline!

(4). Write simply and concisely, following the outline of 

your “story”, avoiding disruptions to the flow of your 

narrative

Key Steps to Writing an Accessible Paper



Editor Saad Hebboul:  http://physics.illinois.edu/careers-

seminar/UIUC_PRL_Workshop_Hebboul_Pt1.pdf

The Mechanical Structure of a Physical Review Letter
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First Identify a Coherent Story You Want to Tell About 

Your Results: the Scientific Abstract

The abstract is the most succinct expression of what you 

did, why you did it, and what was important about what 

you did.

Consequently, after conducting your research, sketching 

out a draft abstract will help you organize your thoughts 

so you can identify whether you have a coherent story 

that you can support with scientific evidence.

This process can help you tell if you’re ready to write a 

paper and what the focus of your paper is.



Elements of a Scientific Abstract

Why is an abstract useful in this regard?  The abstract should 

contain (in this order):

1. A brief statement of the motivations and/or issues 

associated with the research

2. A short description of the methods used

3. A summary of the key results obtained

4. A statement of the implications of the key results

So, the abstract contains all the essential elements of 

your paper, which is why starting with an abstract 

allows you to construct the coherent story you want to 

tell about your research!



Example Scientific Abstract



Example Scientific Abstract

Motivation



Example Scientific Abstract

Methods used



Example Scientific Abstract

Brief summary of key results



Example Scientific Abstract

Brief statement of 

implications of results



Celia Elliott’s Abstract Recipe

Generate your abstract by answering the following questions, 

in this order:

What problem did you study and why is it important?

What methods did you use?

What were your principal results?

What conclusions can you draw from your results, or what 

are the implications of your results?

Make your answers as specific and quantitative as possible!!

Expand or contract the length of each answer depending on the 

abstract length 
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The Introduction: Most Important Part of an Accessible Paper

An accessible introduction provides:

-- The motivation and importance of the research

-- Background information a non-expert scientific  

audience needs to understand the research

-- A justification of why the research is needed

-- A preview of the key results of the paper

Note that, like the abstract, the introduction provides all 

the crucial elements of the story you want to tell. 
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The Typical Structure of a Scientific Introduction
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‘Big Picture’ Motivations 

for Research Area

Specific 

Motivations for 

Your Research

Information in the Introduction is Generally Organized 
in an “Inverted Pyramid” Structure

Beginning of 

Introduction

End of 

Introduction

“In this Paper” 

preview of 

your results

Essential 

background and 

previous results

Big picture 

motivation

“However” 

statement of 

open questions



“Big Picture” motivation



Background info; 

narrowing of focus 

to specific topic



“However” 

statement justifying 

why your research 

needed to be 

performed



Preview of key 

results in this 

paper: “In this 

contribution…”



Accessible Papers Avoid Disruptions to the Narrative

Editor Saad Hebboul:  http://physics.illinois.edu/careers-
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Introduction

Conclusions

http://physics.illinois.edu/careers-seminar/UIUC_PRL_Workshop_Hebboul_Pt1.pdf


Introduction

Conclusions

Diversions from 

narrative flow

Editor Saad Hebboul:  http://physics.illinois.edu/careers-
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Accessible Papers Avoid Disruptions to the Narrative
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Introduction

Conclusions

Logical diversions 

from narrative flow

Common Disruptions That Limit the Accessibility of 

Your Scientific Writing

Editor Saad Hebboul:  http://physics.illinois.edu/careers-

seminar/UIUC_PRL_Workshop_Hebboul_Pt1.pdf

Logical Organization: An accessible scientific paper clearly 

and logically connects your introduction to your conclusions 

without disruptions to the narrative flow of your paper!
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Make a habit of creating an outline and a clear paragraph 

structure for all your scientific papers and presentations!

Avoiding Disruptions That Limit Accessible Writing: 

Create Logical Structure With Outlines

“I emphasize the central place of an outline in 

writing papers, preparing seminars, and planning 

research.  An outline is a written plan of the 

organization of a paper, including the data on which 

it rests. You should, in fact, think of an outline as a 

carefully organized and presented set of data, 

objectives, hypotheses, and conclusions, rather 

than an outline of text.”



I. Introduction (Get the reader's/viewers attention; states key 

idea(s) or thesis; provides essential background)

II. Procedures (Provides background on key 

experimental/theoretical methods)

III. Results (Presents key results that support ideas discussed in 

Introduction)

IV. Discussion (Interprets results; Discusses results in the 

context of prevailing models)

V. Summary and Conclusions (Reemphasizes key results 

and how they support thesis; Discusses new directions)

Example of basic (Level 1) structure of scientific outline:



I. Introduction
A. Attention-grabbing, “big picture” statement of issue

B. Key previous results leading to state of the field

C. Unaddressed problems

D. Preview of key points of talk/paper

II. Procedures
A. Experimental methods

B. Theoretical methods

C. Data processing

D. Error analysis

III. Results
A. Key results 1

B. Key results 2

C. Key results 3

Provides more details of 

internal organization of each 

section

Example of a more detailed (Level 2) structure of scientific outline



IV. Discussion
A. Interpretation of results

B. Comparison with key models/previous results

C. Possible sources of errors

V. Summary and Conclusions
A. Reemphasis of key results

B. Summary of key conclusions

C. Possible future directions

D. Exciting closing statement

Example of a more detailed (Level 2) structure of scientific outline

Provides more details of 

internal organization of each 

section



Benefits of outlining:

(1).  Your papers and presentations will be logically 

organized from the beginning

Everything should 

be made as simple 

as possible, but 

not simpler

(2). Outlining helps you identify the key points you want 

to make, and helps you avoid extraneous information 

that will distract the reader from the logical flow of your 

argument:  always write as simply as possible!

(3). Outlines allow you to break up large projects into 

more manageable chunks that you can tackle (e.g., a 

thesis, a big review article, etc.)

Create Logical Flow in Scientific Papers Using an 

Outline and a Clear Paragraph Structure



Every paragraph should contain roughly one idea + 

supporting evidence for that idea, if possible (see 

http://people.physics.illinois.edu/Celia/Lectures/Paragraphs.pdf )

paragraph 1
Idea 1, supporting 

examples/references, logical 

transition to next idea

paragraph 2
Idea 2, supporting 

examples/references, logical 

transition to next idea

etc., etc.

The first sentence in 

each paragraph is 

usually the main 

idea, i.e., the “topic 

sentence”, while the 

body of the 

paragraph supports 

that idea, then 

transitions to the next 

paragraph.

Avoiding Disruptions That Limit Accessible Writing: 

Create a Clear Paragraph Structure

http://people.physics.illinois.edu/Celia/Lectures/Paragraphs.pdf


The high-pressure and temperature phase transition of dioxides is of fundamental interest in 

solid-state physics, chemistry, and geosciences. In many dioxides, TiO2 is well known as an important 

wide-gap oxide semiconductor with various industrial applications such as electrochemical solar cells and 

photocatalyst due to the characteristic high refractive index [1–9]. Apart from those technological aspects, 

high-pressure transformations of TiO2 have attracted special attention as a low-pressure analog of SiO2, 

the most abundant component of the Earth’s mantle. A number of experimental and theoretical studies 

have revealed many crystalline polymorphs of TiO2 at high pressures and high temperatures [10–14]. At 

ambient conditions, rutile is the most stable phase of TiO2. Anatase and brookite are also known as 

natural minerals. All of these phases transform to an α-PbO2-type, to an orthorhombic-I-type, then finally 

to a cotunnite-type structure at approximately 50 GPa [11,14]. The cotunnite-type polymorph is identified 

as the highest-pressure phase, as in many dioxides [15]. Although the analogy of the phase change to the 

cotunnite structure was applied to TiO2 [16,17], a very recent ab initio study predicted a different phase 

transition from the pyrite-type structure to an unexpected Fe2P-type structure (hexagonal, space group 

P62m) (Fig. 1) at 690 GPa, bypassing the cotunnite-type phase stability at low temperature [18]. Since no 

dioxides or difluorides with this crystal structure were reported, physical and chemical properties of this 

new class of oxide are still unknown. Although the extremely high transition pressure predicted in SiO2

seems unreachable in the laboratory, TiO2 shows significantly lower transition pressures. For instance, the 

α-PbO2 phase stabilizes at ~10 Gpa in TiO2, while the same phase at 100 GPa in SiO2. High-pressure 

behavior of TiO2 is therefore a key to understanding the rich polymorphism in the metal dioxide systems, 

in particular, the post-cotunnite phase relations. However, all the studies performed on TiO2 were limited 

below 100 GPa, and no post-cotunnite phase has been identified. In this study, we investigate the 

applicability of the Fe2P-type structure to TiO2 both theoretically and experimentally.

Physical Review Letters Example: an Introduction With No Paragraph Structure



The high-pressure and -temperature phase transitions of dioxides are of fundamental 

interest in solid-state physics, chemistry, and the geosciences.  In particular, because of its high 

refractive index [1-9], TiO2 is an important wide-gap oxide semiconductor for various industrial 

applications, such as electrochemical solar cells and photocatalysts. Additionally, high-pressure 

transformations of TiO2 have attracted special attention as a low-pressure analog of SiO2, the most 

abundant component of the Earth’s mantle. 

Previous experimental and theoretical studies reveal many crystalline polymorphs of TiO2

at high pressures and high temperatures [10–14]. Rutile is the most stable phase of TiO2 at ambient 

conditions, but TiO2 exhibits a structural phase transition from orthorhombic-I-type to cotunnite-type 

structures at approximately 50 GPa [11,14].  Cotunnite was previously reported to be the highest 

pressure phase of TiO2 [15]. However, a recent ab initio study of TiO2 predicted a transition from the 

pyrite-type structure to an Fe2P-type structure (hexagonal, space group P62m) (Fig. 1) at 690 GPa. 

This transition bypasses the cotunnite-type phase stability at low temperatures [18]. Unfortunately, 

because no dioxides or difluorides with the high pressure Fe2P-type crystal structure have been 

reported, the physical and chemical properties of the high pressure structural phase of oxides are still 

unknown. 

Studying the high-pressure structural phases of TiO2 is key to understanding the rich 

polymorphism in the metal dioxide systems.  TiO2 exhibits significantly lower transition pressures to 

post-cotunnite phases than other dioxides. For instance, the α-PbO2 phase stabilizes at ~10 GPa in 

TiO2, while the same phase stabilizes at 100 GPa in SiO2.  However, all the studies performed on TiO2

have been limited to 100 GPa, and as yet no post-cotunnite phases have been identified.  In this study, 

we theoretically and experimentally investigate the high pressure structural phases of TiO2, in 

particular to determine if this material exhibits a Fe2P-type structure at high pressures.

Transition sentences

Topic sentences



Expand your outline into a “Sentence Outline”:

Using Your Outline to Create a Paragraph Structure

1. Expand your outline “bullets” into complete sentences

2. Each sentence in the outline becomes the topic 

sentence that conveys the main idea of a paragraph

3. Sentences should be as specific as possible (i.e., 

convey one idea)

4. The sentences should be organized to construct a 

clear logical argument supporting your conclusions, i.e., 

should follow your organized outline



Start of 

sentence

End of sentence

Other Common Disruptions That Limit the 

Accessibility of Your Scientific Writing

Editor Saad Hebboul:  http://physics.illinois.edu/careers-

seminar/UIUC_PRL_Workshop_Hebboul_Pt1.pdf
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Other Common Disruptions That Limit the 

Accessibility of Your Scientific Writing

Editor Saad Hebboul:  http://physics.illinois.edu/careers-
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Start of 

sentence

End of sentence

Disruption to 

narrative flow

http://physics.illinois.edu/careers-seminar/UIUC_PRL_Workshop_Hebboul_Pt1.pdf


Start of 

sentence

End of sentence

Disruption to 

narrative flow

Avoiding Disruptions That Limit Accessible Writing: 

Avoid Abbreviations, Acronyms, Jargon, Colloquialims



Solution: Write out acronyms as much as possible. Define 

acronyms at first usage in your paper.

Also: Avoid colloquial phrases, unfamiliar words, jargon 

terms familiar only to specialists, etc.!

Avoiding Disruptions That Limit Accessible Writing: 

Avoid Abbreviations, Acronyms, Jargon, Colloquialims



Solution: Write out acronyms as much as possible. Define 

acronyms at first usage in your paper.

Also: Avoid colloquial phrases, unfamiliar words, jargon 

terms familiar only to specialists, etc.!

Avoiding Disruptions That Limit Accessible Writing: 

Avoid Abbreviations, Acronyms, Jargon, Colloquialims



Although the signal-to-noise is small for a single line of

sight and peaks at somewhat smaller redshifts than those

probed by the Lyman-α forest, we estimate a total signal-

to-noise of 9 for cross correlating quasar spectra of SDSS-

III with Planck and 20 for cross correlating with a future

polarization based cosmic microwave background

experiment. [54 words]

Avoiding Disruptions That Limit Accessible Writing: 

Avoid Long, Unwieldy Sentences (> 20-25 words)

Solution: Keep your sentences simple, ideally one idea per 

sentence. Break up long sentences into multiple shorter 

sentences.



Solution: Keep your sentences simple, ideally one idea per 

sentence. Break up long sentences into multiple shorter 

sentences.

The signal-to-noise ratio (SNR) is small for a single line of

sight and peaks at somewhat smaller redshifts than those

probed by the Lyman-α forest. We estimate a total SNR of

9 when cross correlating SDSS-III quasar spectra with

Planck data. Further, we estimate a SNR of 20 when cross

correlating these quasar spectra with a future polarization-

based cosmic microwave background experiment.

Avoiding Disruptions That Limit Accessible Writing: 

Avoid Long Sentences



In the Landau’s theory of phases, different phases are

classified by whether the state of the system obeys or

breaks the symmetries of the Hamiltonian. In turn, this

gives rise to local order parameters which can be

measured to determine which phase a system is in.

“This” what?

Avoiding Disruptions That Limit Accessible Writing: 

Avoid Ambiguous Pronouns (it, this, that, they, etc.)

Solution: Avoid ambiguous pronouns and simply repeat the 

particular noun you’re referring to in the sentence.



Solution: Avoid ambiguous pronouns and simply repeat the 

particular noun you’re referring to in the sentence.

In the Landau theory, different phases are classified by

whether the state of the system obeys or breaks the

symmetries of the Hamiltonian. These broken symmetries,

in turn, give rise to local order parameters that can be

measured.

Avoiding Disruptions That Limit Accessible Writing: 

Avoid Ambiguous Pronouns (it, this, that, they, etc.)



Scaling functions for both gauge-invariant and non-gauge 

invariant quantities across topological transitions of 

noninteracting fermions driven by the non-Abelian gauge 

potentials on an optical lattice have also been derived.

Solution: Place verbs early in the sentence

Avoiding Disruptions That Limit Accessible Writing: 

Use Active Verbs, Place Verbs Early in Sentence

Scaling functions were derived for both gauge-invariant 

and non-gauge invariant quantities across topological 

transitions of noninteracting fermions driven by the non-

Abelian gauge potentials on an optical lattice.



Solution: Replace weak verb phrases with active verbs

By solving the time-dependent Schrödinger equation in an 

extensive field parameter range, it is revealed that highly 

nonresonant dissociation channels can dominate over 

ionization. 

Avoiding Disruptions That Limit Accessible Writing: 

Use Active Verbs, Place Verbs Early in Sentence

Solving the time-dependent Schrödinger equation in an 

extensive field parameter range reveals that highly 

nonresonant dissociation channels can dominate over 

ionization. 



The electron-phonon coupling matrix elements for different 

phases have been computed in the first Brillouin zone on a 

reasonable q-point mesh obtained from a sufficiently dense 

k-point Monkhorst-Pack mesh.

Solution: Remove imprecise and unnecessary qualifiers 

Avoiding Disruptions That Limit Accessible Writing: 

Avoid Unnecessary and Imprecise Qualifiers

The electron-phonon coupling matrix elements for different 

phases have been computed in the first Brillouin zone on a 

q-point mesh obtained from a k-point Monkhorst-Pack 

mesh.



The project will proceed in four stages: review of the 

literature, designing the optical trap, construction of the 

optical trap, and data-taking and analysis. 

Solution: Use same –ing verb form with this list of steps

Avoiding Disruptions That Limit Accessible Writing: 

Maintain Parallel Structure of Verb Form in Lists

The project will proceed in four stages: reviewing the 

literature, designing the optical trap, constructing the optical 

trap, and taking and analyzing data. 



Summary: Crafting an Accessible Scientific Paper

Make sure you have a coherent story to tell: 

writing a draft abstract and introduction can help 

identify and refine your story.

Create a logical flow to the story you’re telling: 

start with a detailed outline! Make use of paragraphs 

with a clear topic sentence and one idea per 

paragraph.

Avoid disruptions to accessibility in your narrative: 

keep sentences short, avoid acronyms and unfamiliar 

words and scientific terms, avoid colloquial phrases, 

avoid ambiguous pronouns.  

Questions? slcooper@Illinois.edu


