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Outline for Today
▸ Left-over kickoff presentations 
▸ Lies, damned lies, and statistics (part I) 
▸ Experimental design 
▸ Two victims volunteers to present a paper next week
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Drink Hot Cocoa Before Bed?
▸ “99.9% caffeine-free” 
▸ 20-ounce Starbucks coffee:  
▸ 415 milligrams of caffeine.  
▸ ~21 mg caffeine per ounce.  
▸ 1 fl oz water weighs ~28 grams.  
▸ Thus, Starbucks drip coffee is ~0.075% caffeine by weight.  

▸ Strong coffee is also 99.9% caffeine free!
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Tweet About Your Work?
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Meanwhile:

study the role of the social media group TSSMN in the
dissemination of cardiothoracic surgery scholarly litera-
ture. We demonstrate that, compared with articles not
tweeted that were used as controls, articles randomized to
tweeting experienced substantially higher Altmetric
scores, greater Altmetric score percentiles relative to ar-
ticles of similar age from the respective journal, and
greater increases in citations at 1 year. On multivariable
analysis, independent predictors of citations included
being randomized to tweeting, Altmetric score, open ac-
cess status, and exposure to a larger number of Twitter
followers.

Previous work exploring the potential of tweeting to
increase journal article dissemination has resulted in
findings that have been mixed. A randomized trial con-
ducted by Fox and associates12,13 of articles published in
Circulation did not demonstrate a difference in 30-day
page views for articles that were tweeted and posted to
Facebook when compared with those that were not. In
contrast, a randomized trial showed that tweeting articles
from Academic Medicine14 and Cochrane Reviews15

increased page views at 30 days and 7 days of follow-up,
respectively. Furthermore, Hawkins and colleagues16,17

demonstrated that physician-led programs to tweet about
articles accrue higher online engagement as quantified by
weekly page views than tweets originating only through
Twitter accounts managed by the journals themselves.
Recognizing that page views are only one aspect of social
media exposure, other studies have demonstrated that
article mentions on Twitter (within days of publication)
correlated highly with eventual citations;8 however, other
studies of Altmetrics (including Twitter mentions) of ar-
ticles demonstrate weak relationships with article access
and eventual citation.18-20

Our study contributes to the ongoing research on the
efficacy of social media strategies to improve article reach
by using a rigorous study design, randomizing articles 1:1
to be tweeted or not, and performing longitudinal follow-
up of multiple metrics of scholarly dissemination at 1-
year’s time including Altmetric scores and citations. We
add to our prior study9 that demonstrates that there is a
rise in social media impact (Altmetric scores and Twitter
analytics) in relation to article tweets with a plateau effect
on early follow-up of 7 days by furthering this finding

with demonstrated translation to change in citations at 1
year of follow-up. Our finding of an association between
open access status and citations has implications for au-
thors and journals to consider their open access policies
to increase readership. Regardless of the modality for
dissemination, our study suggests that greater public
accessibility for a public and scientific readership may
contribute to higher Altmetric score, Altmetric percentile,
and, ultimately, citations.
We demonstrate the feasibility of establishing a social

media working group (TSSMN) with large social media
followership of 52,983 consisting of key opinion leaders in
cardiothoracic surgery and the impact of their tweeting
activity on alternative article-level metrics and citations.
Future use of more comprehensive social media strate-
gies and their effects on article dissemination should be
tested in a similarly rigorous manner.

Study Limitations
Our study is subject to a number of limitations that must
be considered in the interpretation of the data. Although
we were able to demonstrate social media impact and
attention, alternative metrics do not differentiate between
positive and negative attention as well as quality of the
tweet or article. It is possible that citations occur because
of the importance of the article, irrespective of targeted
social media dissemination of the article via TSSMN. No
single metric provides a reader with a comprehensive
measurement of the quality and importance of an article
and are each subject to their own set of limitations.21 Our
study is limited in sample size, confined to articles pub-
lished in The Annals of Thoracic Surgery and The Journal of
Thoracic and Cardiovascular Surgery, where the large
followership of TSSMN can limit the replicability of this
approach for implementation in other journals. It is
possible that social media campaigns over a limited
timespan with high frequency can lead to tweet burnout
for followers; in this study, however, there was no sig-
nificant change in viewer engagement over the 2-week
period. Furthermore, we were unable to account for so-
cial media activity of other Twitter users who may have
promoted the article, in addition to TSSMN, which may
confound our results. Future studies will aim to correlate
social media attention to long-term article citations and

Figure 1. One-year outcomes of the Thoracic Surgery Social Media Network Randomized Prospective Social Media Trial demonstrating tweeting
improves change in (A) citations; (B) Altmetric score; and (C) Altmetric percentile relative to journal and age.
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Luc, J. G., Archer, M. A., Arora, R. C., Bender, E. M., Blitz, A., Cooke, D. T., ... & Antonoff, M. B. (2021). 
Does tweeting improve citations? One-year results from the TSSMN prospective randomized trial. 
The Annals of Thoracic Surgery, 111(1), 296-300.
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The Friendship Paradox

8

Most likely, the 
majority of your 

friends have more 
friends than you do

😱 
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The Friendship Paradox

9

Most likely, the 
majority of your 

friends have more 
friends than you do

😱 ▸ Suppose you follow Rihanna and 499 other 
people on Twitter.  

▸ Rihanna has over one hundred million followers. 
▸ The 500 people you follow will average at the 

very least 100,000,000 / 500 = 200,000 
followers—far more than you have.

Most people have fewer friends than their average (mean) friend has.
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The Friendship Paradox

10

Most likely, the 
majority of your 

friends have more 
friends than you do

😱 ▸ 84 percent of Facebook users have fewer 
friends than the median friend count of their 
friends.

🤯 Most people also have fewer friends than their median friend has.
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Do You Often Have To Wait a Surprisingly Long Time for the Next Bus To Arrive?

11

▸ Suppose that buses leave a bus stop at regular 
ten minute intervals.  

▸ If you arrive at an arbitrary time, how long do 
you expect to wait, on average?
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Do You Often Have To Wait a Surprisingly Long Time for the Next Bus To Arrive?

▸ Suppose that buses leave a bus stop at regular 
ten minute intervals.  

▸ If you arrive at an arbitrary time, how long do 
you expect to wait, on average?
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5 minutes?
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Do You Often Have To Wait a Surprisingly Long Time for the Next Bus To Arrive?

▸ What if buses leave every ten minutes on 
average — but traffic forces the buses to run 
somewhat irregularly? 

▸ Sometimes the time between buses is quite 
short; other times it may extend for fifteen 
minutes or more.  

▸ Now how long do you expect to wait? 
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Do You Often Have To Wait a Surprisingly Long Time for the Next Bus To Arrive?

▸ What if buses leave every ten minutes on 
average — but traffic forces the buses to run 
somewhat irregularly? 

▸ Sometimes the time between buses is quite 
short; other times it may extend for fifteen 
minutes or more.  

▸ Now how long do you expect to wait? 
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5 minutes?
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Do You Often Have To Wait a Surprisingly Long Time for the Next Bus To Arrive?

▸ You are more likely to arrive during one of the 
long intervals than during one of the short 
intervals.  

▸ As a result, you end up waiting longer than five 
minutes, on average.

15

5 minutes?
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Do You Often Have To Wait a Surprisingly Long Time for the Next Bus To Arrive?

▸ 80% chance of arriving during one of the long intervals 
▸ wait 8 minutes on average.  

▸ 20% chance of arriving during one of the short intervals 
▸ wait 2 minutes on average.  

▸ Average overall wait time: (0.8 × 8) + (0.2 × 2) = 6.8 mins

16



Carnegie Mellon University [17-803] Empirical Methods, Spring 2021

Observation Selection Effect
▸ Driven by an association between the very presence of the observer and the 

variable that the observer reports.
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Age of Death and Musical Genre
Rap and hip-hop musicians die at 
about half the age of performers 
in some other genres?
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Imagine You Are Tracking the Life Cycle of a Rare Chameleon on Madagascar

What to do about individuals not 
yet dead at the end of the study 
period?

19
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Imagine You Are Tracking the Life Cycle of a Rare Chameleon on Madagascar

Maybe the safest thing to do is to 
throw out those individuals from 
your data set entirely?  
—> Right-censoring your data 

Misleading impression of mortality 
patterns.
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Age of Death and Musical Genre
Rap and hip-hop are new genres.  
Most rap and hip-hop stars are still 
alive today, and thus omitted from 
the study.  
The only rap and hip-hop 
musicians who have died already 
are those who have died 
prematurely.
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Wellness Programs: Do They Work?
▸ Typical study: compare employees within the same company who 

did take part in wellness activities with those who did not.  

▸ Meta-analyses: wellness programs reduce medical costs and 
absenteeism, generating considerable savings for employers.
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UIUC Study Design
▸ Randomized employees into either a treatment group or a control group.  
▸ Treatment group: option to participate but not required to do so 
▸ Control group: not offered an opportunity to take part 

▸ Three resulting categories:  
▸ (T1) people who chose to participate 
▸ (T2) people who chose not to 
▸ (C) people who were not given the option to participate in the first place 

▸ Analysis: 
▸ Comparing health before and after taking part in the study, across groups
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T vs C: Being Offered the Wellness Program Had no Effect on Fitness 
Activities, Employee Retention, or Medical Costs
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T1 vs T2: Strong Disparities in Activity, Retention, and Medical Costs
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UIUC Study Conclusion
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Wellness  programs Good health

Wellness  programs Good health



… to be continued
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Credits
▸ Graphics: 
▸ Dave DiCello photography (cover) 

▸ Content: 
▸ Chapters from Shadish, W. R., Cook, T. D., & Campbell, D. T. (2002). Experimental and 

quasi-experimental designs for generalized causal inference. Wadsworth Publishing 
▸ Ch1: Experiments and generalized causal inference 
▸ Ch2: Statistical conclusion validity and internal validity 
▸ Ch3: Construct validity and external validity 
▸ Ch8: Randomized experiments 

▸ Bergstrom, C. T., & West, J. D. (2020). Calling bullshit: the art of skepticism in a data-
driven world. Random House. 

▸ Huff, D. (1993). How to lie with statistics. WW Norton & Company.
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