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Goals for today 

•  Convince you of the importance of critically reading and 
writing articles, as well as effective data display (if that would 
help you in your work) 
–  Focus is on ‘technical’ reading and writing because that’s my field, but 

it mostly translates to other fields too 

•  Show you some tips and tricks that I’ve learned over the 
years that have helped me in all three areas 
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Why technical reading and writing? 

•  Although we spend most of our time thinking about technical 
content – theories, applications, software, etc. – we also 
have to communicate our designs/analyses to various 
stakeholders 

•  We use a combination of oral, visual, and written 
communication 

•  Common forms of written communication include: 
–  For those in academia:  

•  Publishing articles in journals and conferences 
•  Writing other pieces like commentaries, editorials, op-eds, and magazine articles 

–  For those in industry: 
•  Writing technical reports, memos, and briefs 

3 



Technical writing: Our currency for communication 

In Academia: peer-reviewed journal articles 
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http://www.nature.com/nature/dna50/watsoncrick.pdf  

http://www.nature.com/nature/journal/v315/n6016/pdf/315207a0.pdf  

http://www.nature.com/nature/journal/v409/n6822/pdf/409860a0.pdf  



Technical reading: What I read (and publish in) 
General air pollution and other environmental 
•  Environmental Science and Technology 
•  Atmospheric Environment 
•  Aerosol and Air Quality Research 
•  Journal of Aerosol Science 
•  Aerosol Science and Technology 
•  Environmental Pollution 
•  Chemosphere 
•  Journal of the Air and Waste Management  

 Association 

Buildings 
•  Indoor Air 
•  Building and Environment 
•  Energy and Buildings 
•  HVAC&R Research 
•  ASHRAE Transactions 
•  ASCE Journal of Architectural Engineering 
•  Construction and Building Materials 
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Energy systems (conversion, storage, etc.) 
•  Solar Energy 
•  Renewable Energy 
•  Energy Policy 
•  Energy 
•  Applied Energy 
•  Energy Conversion and Management 
 
Environmental Health 
•  Environmental Health Perspectives 
•  Journal of Exposure Science and  

 Environmental Epidemiology 
•  Inhalation Toxicology 
•  Journal of Occupational and  

 Environmental Hygiene 
•  Annals of Occupational Hygiene 
•  Clinical Infectious Diseases 
•  Journal of Infectious Diseases 
•  Epidemiology 
•  American Journal of Epidemiology 

Other 
•  Sensors 
•  PLoS ONE 
•  ISME Journal 
•  Risk Analysis 



Technical writing: Our currency for communication 
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In industry: technical reports 



TECHNICAL READING & WRITING 
Tips and tricks 
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Technical writing: The process 

•  Technical writing starts with technical reading 
–  Your research directions and goals must be informed by and grounded in the 

existing literature 
–  Need to be able to critically read technical articles 

•  Then, after you design and perform your experiments/simulations (based 
on prior readings), collect data, and analyze, you need to be proficient in 
being able to tell a story via writing, tables, and figures 
–  Following the formatting guidelines of the journal you intend to submit to or 

the report template you have to follow 

•  This goes out for review and with some luck, you’ll get published 
–  The peer review process is a story for another day 

•  Editing is easier than writing, so don’t be afraid to put words – any words 
– on the page and edit them later 
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Reading technical articles 

•  I have found “active” or “deliberate” reading to be very useful 

•  Go in to an article with a mission – something you want to 
learn specifically 

•  Worry about the details once you see the results 
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In practice: When I was a graduate student… 
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When I was a graduate student… 
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When I was a graduate student… 
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When I was a graduate student… 
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When I was a graduate student… 
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When I was a graduate student… 
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When I was a graduate student… 
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When I was a graduate student… 
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When I was a graduate student… 
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When I was a graduate student… 
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When I was a graduate student… 
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When I was a graduate student… 
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Moving from reading to writing 

When one of my favorite authors, Hunter S. Thompson, was about 21 
years old, he “used a typewriter to copy F. Scott Fitzgerald's The Great 
Gatsby and Ernest Hemingway's A Farewell to Arms in order to learn 
about the writing styles of the authors” 
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When I was a graduate student, I copied 
this idea and fully translated a paper by 
colleagues that I admire on a subject 
relevant to what I was working on: 



Moving from reading to writing 
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Moving from reading to writing 

24 



Moving from reading to writing 
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What makes a paper? 
 
Introduction 
•  3 paragraphs (about 12 citations) 
Methods 
•  13 paragraphs (few citations) 
•  Equations if necessary 
Results 
•  4 paragraph, 5 figures, 1 table 
Discussion 
•  7 paragraphs (several citations) 
•  Another figure and table for relevance 
Conclusions 
•  1 paragraph 
Acknowledgements 
References 
 
Total: 25-30 paragraphs 



Technical writing: Choosing a journal for your work 

•  You should pick a journal that has aims and scope that fit 
your work 
–  A good place to look is the references in your own paper 

•  Whatever journal is cited most might tell you where you should target 

–  Also be honest about the quality and potential impact of your paper 
•  Can be tough to do 

–  Then look up author guidelines and see if you can start to manipulate 
your document into their formats 

•  Typically: 
–  Abstract, Intro, Background (sometimes), Methods, Results, 

Discussion, Conclusion (sometimes), References, and any 
Supplementary Information (published online only) 

–  4000 to 8000 words depending on the journal (varies) 
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Reference management: HUGE time saver 

•  One of the biggest time savers you can utilize is to use a 
citation/reference manager 

•  I use Zotero and keep all of my papers in PDF form 
downloaded into a single ‘articles’ folder 
–  Saved as: Author et al 2013 – Journal – Title.pdf 
–  You can download CSL files that govern the citation format used by 

the journal you are targeting (swappable) 

•  Others use Mendeley, Endnote, and others 
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Reference management: HUGE time saver 
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Other writing time savers 

•  Write while you work: 
–  The best time to write your methods section is when you are 

performing your methods 
–  When you begin collecting data, begin thinking about how to tell your 

story 

•  Your introduction and background should also already be 
written in some form before you even start your work 

•  Think of the way you will present your final tables/graphs, as 
the majority of your actual work will go to making these 
–  Or more accurately, collecting data to make them 
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Critical reading/writing class activity 

•  Each student will be assigned a paper in your neighbor’s 
field of research 

•  You will have 5 minutes to summarize the work in your own 
words 

•  You should also count the number of paragraphs in each 
section of the paper 
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EFFECTIVE DATA DISPLAY 
How to think critically about how to show your data 
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https://twitter.com/R_Thaler/status/903341857530314752/photo/1  



Guiding principles for graphical excellence 

•  Graphical excellence is the well-
designed presentation of interesting 
data – a matter of substance, 
statistics, and design 

•  Graphical excellence consists of 
complex ideas communicated with 
clarity, precision, and efficiency 

•  Graphical excellence is that which 
gives to the viewer the greatest 
number of ideas in the shortest time 
with the least ink in the smallest space 

33 Tufte, The Visual Display of Quantitative Information 



Perhaps the most famous infographic 
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Charles Minard's 1869 chart showing the number of men in Napoleon’s failed 1812 
Russian invasion, their movements, as well as the temperature they encountered on the 
return path 

Shows space, time, and magnitude of 2 variables 
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1854 London cholera outbreak, Dr. John Snow 

= Contaminated pump 
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More C. Minard: Map of French exports 
(space and magnitude) 
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Flow diagrams are still used today 
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Flow diagrams are still used today 



Florence Nightingale (1858) 
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Polar area diagram by 
Florence Nightingale 
illustrating causes of 
mortality during the 
Crimean War (1857) 



Modern day: Gapminder and The Joy of Stats 

40 http://www.gapminder.org https://www.youtube.com/watch?v=jbkSRLYSojo 



Modern day: Genealogy of rock music 
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http://www.math.yorku.ca/SCS/Gallery/images/timelines/Rock_and_Roll_History_1500px.jpg 



Modern day: Genealogy of rock music 
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http://www.math.yorku.ca/SCS/Gallery/images/timelines/Rock_and_Roll_History_1500px.jpg 



Modern day: Genealogy of rock music 
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http://www.math.yorku.ca/SCS/Gallery/images/timelines/Rock_and_Roll_History_1500px.jpg 



Deciding how to show information for engineering 

•  In what context would you like to show your data? 
–  Temporal (time) variations? 
–  Spatial (space) variations? 
–  Statistical distributions?  
–  Summary statistics?  

•  Means, medians, max, min, percentiles? 

•  Are tables an appropriate option? 

•  What plot types are available? 
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Some available plot types 
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All plot types can be used 
…and abused! 

http://flowingdata.com/category/visualization/ugly-visualization/ 



Some available plot types 
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All plot types can be used 
…and abused! 

http://flowingdata.com/category/visualization/ugly-visualization/ 



Some available plot types 
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All plot types can be used 
…and abused! 

http://flowingdata.com/category/visualization/ugly-visualization/ 
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Some available plot types 
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All plot types can be used 
…and abused! 

http://flowingdata.com/category/visualization/ugly-visualization/ 



Some available plot types 
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http://www.biostat.wisc.edu/~kbroman/topten_worstgraphs/ 



Some available plot types 
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http://www.biostat.wisc.edu/~kbroman/topten_worstgraphs/ 

Used and abused 



Some available plot types 
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http://www.biostat.wisc.edu/~kbroman/topten_worstgraphs/ 

Used and abused 



Some available plot types 
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http://www.biostat.wisc.edu/~kbroman/topten_worstgraphs/ 

Used and abused 



Some available plot types 

54 



Some available plot types 
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http://flowingdata.com/category/visualization/ugly-visualization/ 



So you want to make a graph…? 

•  Example from our work: One year of temperature data in the 
Hospital Microbiome Project 

•  Collected 5-minute intervals 
•  We can averaged over: 

–  Hourly intervals 
–  Daily intervals 
–  Weekly intervals 

•  Examples in Stata: 
–  Line, scatter, caps, area, dot plots, scatterplot matrices, heat map 
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5-minute air temperatures 
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Daily average air temperatures 
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Hourly mean air temperatures: Distributions 

!

Similar distributions across patient rooms and nurse stations | Range 19-27°C 
66-80°F 

IQR = 22.6-24.7°C (72-76°F) 
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9th floor 10th floor 



Daily mean air temperatures: Scatterplot matrices 
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Almost no correlation between rooms 
•  Most comparisons: R < 0.2 
•  Differences of >2°C fairly common 



Weekly mean temperatures: Heat map 
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Air temperature 

19 to 26 °C 

Ramos et al. 2015 PLOS ONE 10(3):e0118207 

Between-room R <0.2 



Variations between floors: Box plots 
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!

Median Air temperatures ~1°C higher on 10th floor 



Data visualization resources 
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Data visualization tools 
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Others: Excel, SPSS, Matlab, and many more 



Data visualization exercise 

•  Tall buildings data – how best to plot it? 
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