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Abstract

Introduction

Many medical education journals use Twitter to garner attention for their articles. The pur-
pose of this study was to test the effects of tweeting on article page views and downloads.

Methods

The authors conducted a randomized trial using Academic Medicine articles published in
2015. Beginning in February through May 2018, one article per day was randomly assigned
to a Twitter (case) or control group. Daily, an individual tweet was generated for each article
in the Twitter group that included the title, #MedEd, and a link to the article. The link deliv-
ered users to the article’s landing page, which included immediate access to the HTML full
text and a PDF link. The authors extracted HTML page views and PDF downloads from the
publisher. To assess differences in page views and downloads between cases and controls,
a time-centered approach was used, with outcomes measured at 1, 7, and 30 days.

Results

In total, 189 articles (94 cases, 95 controls) were analyzed. After days 1 and 7, there were
no statistically significant differences between cases and controls on any metric. On day 30,
HTML page views exhibited a 63% increase for cases (M = 14.72, SD = 63.68) when com-
pared to controls (M =9.01, SD = 14.34; incident rate ratio = 1.63, p = 0.01). There were no
differences between cases and controls for PDF downloads on day 30.

Discussion

Contrary to the authors’ hypothesis, only one statistically significant difference in page views
between the Twitter and control groups was found. These findings provide preliminary evi-
dence that after 30 days a tweet can have a small positive effect on article page views.
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Introduction

Recently, the use of social media in medical education has increased [1] with trainees, practi-
tioners, and educators adopting these communication tools to facilitate learning, practice
improvement, and knowledge translation [2-5]. In this new environment, many medical
education journals also use social media, especially Twitter, to highlight research findings,
engage readers, and garner attention for their articles [1, 6, 7]. Some journals have even
hired staff or editors who are responsible for tweeting about articles upon their publication
and hosting related social media events, like Twitter chats for featured articles [8, 9].
Another approach has been for editors of journals, such as at the Journal of Graduate Medi-
cal Education, to invite authors to draft tweets for submission with their manuscripts. In
principle, it makes good sense that increased social media exposure for an article would
translate into increased article dissemination and usage, thus warranting these types of jour-
nal-driven social media efforts. However, in medical education, we do not yet know whether
this type of social media engagement affects article dissemination, as measured by article-
level metrics like page views.

In biomedicine, researchers have explored the question of whether journal-driven Twitter
strategies are an effective means of increasing article views [10-12]. To date, findings have
been mixed. For example, Fox et. al. conducted a randomized trial of articles published in Cir-
culation and found no difference in 30-day page views for articles that were tweeted and posted
to Facebook when compared to those that were not [10, 11]. In contrast, a separate group of
researchers affiliated with the Cochrane Collaboration tweeted Cochrane Reviews and found a
three-fold increase in views for tweeted articles over those that were not [12]. Beyond journal-
driven social media efforts, other more comprehensive approaches (e.g., those driven by physi-
cians active on social media and by editorial board members) have been shown to positively
affect a journal’s web traffic [13-14].

To build on this previous work, and to better understand the impact of journal-driven social
media efforts in medical education, we conducted a randomized trial to test the effects of social
media engagement—specifically, tweets by a single journal, Academic Medicine (AM)—on arti-
cle page views. We hypothesized that, on average, tweeted articles would receive more page
views and more downloads than articles that were not tweeted.

Method

We worked with AM’s professional editorial staff to conduct this randomized, parallel design
study in 2018. Eligible AM articles were those published in 2015. We focused on 2015 articles
because they are both contemporary and also publicly available on the AM website (i.e., the
full texts were not obstructed by a paywall). We excluded articles published after 2015 because
AM has a policy to tweet all new articles, and the journal did not want to disenfranchise
authors of articles that were not tweeted as part of a study. Because this study did not include
human participants, but rather focused on publicly accessible articles as the unit of analysis, we
did not seek ethical approval.

For those articles AM published in 2015, we included all articles published as Research
Reports, Articles, Innovation Reports, Perspectives, and Literature Reviews. Based on a power
analysis to detect an average difference of six views, it was determined that we needed 180 arti-
cles (90 articles per study group). Excluded article types included Editorials, Invited Commen-
taries, New Conversations, and other Special Features (e.g., Letters to the Editor and Last
Pages). Articles were randomly assigned to a Twitter (case) or control group using Excel’s
random number generator by an independent researcher, who is credited for her role in the
acknowledgements. This researcher also composed all tweets and supplied them directly to the
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AM staff to be loaded into their instance of HootSuite, a social media management system.
The authors did not engage in the randomization process or delivery of the tweets.

For each article in the Twitter group, the tweet included the article title, the hashtag
#MedEd, and an Ow.ly link to the article (e.g., ow.ly/br9d30nxVOF). Hashtags are a word or a
phrase preceded by a hash sign embedded within a tweet. They are used to classify tweets and
make them more discoverable, especially by individuals not personally connected to the
account that tweeted. When clicked, the Ow.ly link delivered the user directly to the article’s
landing page, which included immediate access to the full text on the HTML page and also
provided a link for users to download a PDF version of the article, if desired. Importantly, the
article tweets generated by AM did not reference the age of the article (i.e., the article’s publica-
tion date was not immediately obvious to Twitter users).

Beginning on 5 February 2018, daily at noon Eastern Time, a tweet was generated for one
article per day and was automatically posted via Hootsuite, a social media management system,
to AM’s Twitter account (@ AcadMedJournal). Individual article tweets continued until all
articles in the Twitter group were tweeted (10 May 2018). After the trial commenced there
were no changes to the study methods.

We extracted HTML page view and PDF download count data directly from Wolters
Kluwer’s (AM’s publisher) Adobe Analytics interface. The data for this study are available at
10.5281/zenodo.3461035. To assess the differences in page view and download counts between
cases and controls, we used a time-centered approach with outcomes measured at 1, 7, and 30
days. All page view and download counts were cumulative, and we selected these time points
based on related Twitter research conducted by Fox and Adams [10, 12].

For each article at each time point, we assessed two user activity count metrics: (1) HTML
full-text page views and (2) PDF downloads. All metrics were collected in compliance with
COUNTER [15], the international standard for metrics reporting followed by the majority
of scholarly publishers, including Wolters Kluwer. An HTML full-text page view was logged
if a user visited an article’s main page on the AM website. This was the default experience
for a user clicking the link in the tweet; it allowed users to directly view a full-text version
of the article on the web page. A PDF download was logged if a user clicked either the
PDF icon or the link “Article as PDF” on the article’s AM web page. We also identified for
each article, using Web of Science, the number of times that it had been cited since its
publication.

Because of the over-dispersion of the dependent variables (page view and download
counts), where the standard deviation exceeds the mean, we fit negative binomial regression
models to explore the association between the page view and download metrics and the classi-
fication of the manuscript (case or control) at various points in time (1, 7, and 30 days). Model
coefficients were converted to incident rate ratios (by taking the exponent of the coefficient),
to facilitate a more interpretable result. In this study, incident rate ratios can be interpreted as
the expected difference between cases and controls, either positive or negative, specified as a
rate. Statistical analysis was performed using R (Version 3.3.3 “Another Canoe”) [16] along
with packages ggplot2 [17] and MASS [18].

Results

In total, AM published 417 articles in 2015. Of these 189 articles (94 cases, 95 controls) were

analyzed. Analyzed articles represented the following publication types: Articles (cases n = 13,
14%; controls n = 12, 13%), Innovation Reports (cases n = 9, 10%; controls n = 15, 16%), Per-
spectives (cases n = 22, 23%; controls n = 26, 27%), Research Reports (cases n = 47, 50%; con-
trols n = 38, 40%), Literature Reviews (cases n = 3, 3%; controls n = 4, 4%). Overall, articles in
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Table 1. Descriptive Statics Stratified by Page-View Metrics, Time Period, and Condition for a 2018 Study of the Effects of Journal Tweeting on article page views.

____________________________________________________________________________________________ T O L=
n Mean SD Median IQR n Mean SD Median IQR

Dayl b b e L
| Control |95 . ...056 | L8 |0 ol %5038 | 090 |0 L0
Case (Tweet) 94 0.91 3.25 0 1 94 0.28 0.71 0 1

Day7 bbb

_________________________ Control | 9 | 203 | 379 | 1 | 3 | 9 | o8 | 135 | 0 | 1
Case (Tweet) 94 2.85 8.02 1 3 94 1.09 1.84 0 1

Day3o |l
Case (Tweet) 94 14.72 63.68 5 7.75 94 5.12 7.73 2 4

Note: SD = standard deviation; IQR = interquartile range

https://doi.org/10.1371/journal.pone.0223992.t001

our sample were cited on average 19.82 times (cases = 21.39; controls = 18.13) ranging from
zero to 127 citations.

All tweets originated from the AM Twitter account, which featured, on average, 7,951 fol-
lowers (range during the time of the study: 7,612-8,282). Table 1 provides summary statistics
stratified by page view and download metrics at various points in time (1, 7, and 30 days) and
category of interest (case or control). In general, the mean and median for most user activity
metrics was quite low (counts were often less than 5).

Table 2 contains summary information from the negative binomial regression models. As
shown in the table, after days 1 and 7 of tweets, there were no statistically significant differ-
ences between cases and controls on any of the page view or download metrics. On day 30,
however, tweeted articles attained 63% more HTML full-text page views (M = 14.72,

SD = 63.68) than controls (M = 9.01, SD = 14.34; incident rate ratio = 1.63, p = 0.01). There
were no statistically significant differences between cases and controls for PDF downloads on
day 30.

Table 2. Negative Binomial Regression Model Results Stratified by Page-View Metrics, Time Period, and Condition for a 2018 Study of the Effects of Journal Tweet-
ing on article page views.

HTML Full-Text Views PDF Full-Text Views

Case (Tweet) 1.63 0.01 1.10-2.41 1.21 0.30 0.83-1.76
Note: IRR = Incident Rate Ratio; IRR CI = Incident Rate Ratio 95% Confidence Interval; Ref. = reference group

https://doi.org/10.1371/journal.pone.0223992.t1002
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Discussion

Although Twitter has been celebrated as a channel for connecting individuals with research
[19], contrary to our hypothesis, we found only one statistically significant difference between
the Twitter and control groups in the present study. However, in light of the rigorous experi-
mental design employed here, we believe this is likely a causal relationship, and we encourage
other researchers to attempt to replicate these findings in future studies. What is more, of the
comparisons that were not statistically significantly different, all but one of the point estimates
trended in the expected direction, with Twitter group averages slightly above control group
averages. Considering the fairly simple nature of the social media strategy employed here—
that is, a single journal tweet featuring only the article’s title and #MedEd to promote a given
article—these results are promising for journals hoping to use Twitter to improve article dis-
semination. Use of more comprehensive social media strategies, and their effects on article dis-
semination, should be tested in a similarly rigorous manner using a broader sample of medical
education journals.

This investigation adds to the ongoing study of the efficacy of journal-driven social media
strategies, the findings of which have been mixed in previous work. Our results align with
those of Adams [16], suggesting that journal-led approaches can have some limited impact
on page views. Journal editors and editorial board members should consider these findings
when designing their own social media strategies and making decisions on the allocation of
resources for such purposes. Furthermore, for medical education researchers exploring their
publication options, there may be value in first determining whether or not a given journal
maintains a social media presence and the impact that such presence might have on their arti-
cle’s dissemination. A study of medical education journals recently reported that out of 13
core medical education journals, only five had Twitter accounts [1].

The findings reported here should be considered in relation to other complementary social
media approaches. For example, Hawkins et. al. [14] recently demonstrated that enlisting
editorial board members and their trainees to tweet articles can increase clicks to articles. In
addition, it is worth noting that journals are not alone in driving social media attention. For
instance, a recent study examined the effects of a physician-led program that enlisted teams of
physicians active on social media to tweet articles [13], and another study considered the
impact of article infographics and podcasts on article views [20]. To consider and measure the
impact of these approaches, researchers in urology have proposed the use of the Twitter
Impact Factor (TIF), which, similar to the journal impact factor, is based on citation metrics
[21]. These various approaches can inform journal editors as they deliberate on how best to
bundle social media outreach to positively affect article dissemination and use. That said, more
rigorous research is needed to explore the effects of these approaches, including the practice of
enlisting editorial board members and authors, as well as adding other Twitter handles (e.g., of
the article’s authors and/or other users with large followership) as a way of potentially amplify-
ing the impact of article tweets.

Researchers in public health have also investigated the impact of Twitter hashtags and have
found that hashtags can significantly amplify an organization’s message, especially if multiple
hashtags are used and if they incite action [22]. As described in the Method, Hashtags are a
word or a phrase preceded by a hash sign embedded within a tweet (e.g., #assessment,
#MedEdChat, #OpenScience). Hashtags are used to classify tweets and make them more dis-
coverable, especially by individuals who do not follow the account that posted the original
tweet. Our intervention incorporated only one hashtag, #MedEd, in all of the tweets. Addition-
ally, related to the content of the disseminated tweets, this study employed a rather simplistic

PLOS ONE | https://doi.org/10.1371/journal.pone.0223992 October 16, 2019 5/8


https://doi.org/10.1371/journal.pone.0223992

@ PLOS|ONE

A randomized trial of Twitter effects in medical education

approach, which included only the title of the article. If the tweets had included more targeted
hashtags or more descriptive text highlighting or summarizing the main findings of the article,
it is possible that such an approach could have increased user engagement. Future research
should examine the role of hashtags and descriptive tweets in medical education to better
understand how Twitter can be used to facilitate information sharing.

Our study has several important limitations. To begin, we focused on a single journal,
AM. Had we investigated a different medical education journal, or group of journals, we may
have observed different results. Next, our study relied on data collected from AM’s publisher,
Wolters Kluwer. Some readers might consider this to be a conflict of interest. However, two
points are worth mentioning. First, Wolters Kluwer is a signatory of the COUNTER Code of
Practice, which pledges consistent, credible, and comparable production of article usage met-
rics [15]. Second, Wolters Kluwer and the AM staff played no role in the analysis of these
data.

A third important limitation of the present study is that we focused on articles published in
2015, three years prior to initiation of our study. We suspect that the age of these articles may
have negatively affected user engagement of articles in both study arms, with older articles
potentially being less interesting and/or relevant to readers than newer articles (and thus less
likely to be viewed). That said, it is important to note that the tweets created in this study did
not reference the age of the article, and so Twitter users would have no way of knowing these
were 2015 articles until they clicked on the article link (unless, of course, they were already
familiar with the article title). Nonetheless, more work is needed to investigate the impact of
tweeting on contemporary articles.

In this study, we did not examine the impact of an article’s publication type; for example,
does a literature review garner more views when tweeted than an innovation report? Although
beyond the scope of the current study, we encourage researchers to consider the effects of pub-
lication types in future studies. Additionally, due to the relatively low volume of Twitter activ-
ity with the manuscripts included in the case and control samples, the fixed sample size only
detected differences in Twitter activity amounting to moderate differences. These differences,
however, are practically meaningful to researchers and journal staff actively engaged in mar-
keting articles via social media.

Finally, while we assumed that increased clicks to an article’s journal web page translate
into more engagement with article content (i.e., users actually reading the article), we did not
specifically test this assumption and we found no statistically significant differences at all time
points for PDF downloads. This finding may suggest that deeper engagement with the tweeted
articles—for example, taking the extra step of downloading the PDF-was not stimulated by the
tweet approach tested here.

Conclusion

Results from this randomized trial revealed that after 30 days a tweet can have a small positive
effect on the number of HTML page views an article receives, increasing those views by 63%.
While small, this increase may still be meaningful, especially if one considers the simple inter-
vention studied here (i.e., a single, text-based tweet from a single journal). In light of these
results, journal editors may want to consider using Twitter as a means of improving dissemi-
nation, but they should also contemplate the best ways to combine simple approaches with
other, more robust social media strategies. In addition, researchers should work to better
understand if and how Twitter and other social medical strategies can be used to improve arti-
cle dissemination.

PLOS ONE | https://doi.org/10.1371/journal.pone.0223992 October 16, 2019 6/8


https://doi.org/10.1371/journal.pone.0223992

@ PLOS|ONE

A randomized trial of Twitter effects in medical education

Acknowledgments

Disclaimer: The views expressed in this article are those of the authors and do not necessarily
reflect the official policy or position of the Uniformed Services University of the Health Sci-
ences, the U.S. Navy, the Department of Defense, or the U.S. Government.

The authors wish to thank the Academic Medicine editorial staff members for their assis-
tance in designing the study and supplying access to the data. The authors also thank Dr. Holly
Meyer for her assistance in the conceptualization of this study and her participation in the ran-
domization process and delivery of the tweets to the journal.

Author Contributions

Conceptualization: Lauren A. Maggio, Todd C. Leroux, Anthony R. Artino, Jr.

Data curation: Lauren A. Maggio, Todd C. Leroux, Anthony R. Artino, Jr.

Formal analysis: Lauren A. Maggio, Todd C. Leroux, Anthony R. Artino, Jr.
Investigation: Lauren A. Maggio, Todd C. Leroux, Anthony R. Artino, Jr.
Methodology: Lauren A. Maggio, Todd C. Leroux, Anthony R. Artino, Jr.

Project administration: Lauren A. Maggio.

Writing - original draft: Lauren A. Maggio, Todd C. Leroux, Anthony R. Artino, Jr.
Writing - review & editing: Lauren A. Maggio, Todd C. Leroux, Anthony R. Artino, Jr.

References

1. Maggio LA, Meyer HS, Artino AR. Beyond citation rates: a real-time impact analysis of health profes-
sions education research using altmetrics. Acad Med. 2017; 92:1449—-1455. https://doi.org/10.1097/
ACM.0000000000001897 PMID: 28817430

2. Cheston CC, Flickinger TE, Chisolm MS. Social media use in medical education: A systematic review.
Acad Med. 2013; 88:893-901. https://doi.org/10.1097/ACM.0b013e31828ffc23 PMID: 23619071

3. KindT, Patel PD, Lie D, Chretien KC. Twelve tips for using social media as a medical educator. Med
Teach. 2014; 36:284—290. https://doi.org/10.3109/0142159X.2013.852167 PMID: 24261897

4. ChanT, Trueger NS, Roland D, Thoma B. Evidence-based medicine in the era of social media: schol-
arly engagement through participation and online interaction. CJEM. 2018; 20:3-8. https://doi.org/10.
1017/cem.2016.407 PMID: 28077195

5. Choo EK, Ranney ML, Chan TM, Trueger NS, Walsh AE, Tegtmeyer K, et al. Twitter as a tool for com-
munication and knowledge exchange in academic medicine: a guide for skeptics and novices. Med
Teach. 2015; 37:411-416. https://doi.org/10.3109/0142159X.2014.993371 PMID: 25523012

6. Amath A, Ambacher K, Leddy JJ, Wood TJ, Ramnanan CJ. Comparing alternative and traditional dis-
semination metrics in medical education. Med Educ. 2017; 51:935-941. https://doi.org/10.1111/medu.
13359 PMID: 28719136

7. Trueger NS. Medical journals in the age of ubiquitous social media. J Amer Coll Radiol. 2018; 15:173—
176.

8. Lopez M, Chan TM, Thoma B, Arora VM, Trueger NS. The Social Media Editor at Medical Journals:
Responsibilities, Goals, Barriers, and Facilitators. Acad Med. 2018.

9. Wray CM, Auerbach AD, Arora VM. The Adoption of an Online Journal Club to Improve Research Dis-
semination and Social Media Engagement Among Hospitalists. J Hosp Med. 2018; 13:764-769. https://
doi.org/10.12788/jhm.2987 PMID: 30484779

10. Fox CS, Bonaca MA, Ryan JJ, Massaro JM, Barry K, Loscalzo J. A randomized trial of social media
from Circulation. Circulation. 2015; 131:28-33. https://doi.org/10.1161/CIRCULATIONAHA.114.
013509 PMID: 25406308

11. Fox CS, Gurary EB, Ryan J, Bonaca M, Barry K, Loscalzo J, Massaro J. Randomized controlled trial of
social media: effect of increased intensity of the intervention. J Am Heart Assoc. 2016; 5:e003088.
https://doi.org/10.1161/JAHA.115.003088 PMID: 27121850

PLOS ONE | https://doi.org/10.1371/journal.pone.0223992 October 16, 2019 7/8


https://doi.org/10.1097/ACM.0000000000001897
https://doi.org/10.1097/ACM.0000000000001897
http://www.ncbi.nlm.nih.gov/pubmed/28817430
https://doi.org/10.1097/ACM.0b013e31828ffc23
http://www.ncbi.nlm.nih.gov/pubmed/23619071
https://doi.org/10.3109/0142159X.2013.852167
http://www.ncbi.nlm.nih.gov/pubmed/24261897
https://doi.org/10.1017/cem.2016.407
https://doi.org/10.1017/cem.2016.407
http://www.ncbi.nlm.nih.gov/pubmed/28077195
https://doi.org/10.3109/0142159X.2014.993371
http://www.ncbi.nlm.nih.gov/pubmed/25523012
https://doi.org/10.1111/medu.13359
https://doi.org/10.1111/medu.13359
http://www.ncbi.nlm.nih.gov/pubmed/28719136
https://doi.org/10.12788/jhm.2987
https://doi.org/10.12788/jhm.2987
http://www.ncbi.nlm.nih.gov/pubmed/30484779
https://doi.org/10.1161/CIRCULATIONAHA.114.013509
https://doi.org/10.1161/CIRCULATIONAHA.114.013509
http://www.ncbi.nlm.nih.gov/pubmed/25406308
https://doi.org/10.1161/JAHA.115.003088
http://www.ncbi.nlm.nih.gov/pubmed/27121850
https://doi.org/10.1371/journal.pone.0223992

@ PLOS|ONE

A randomized trial of Twitter effects in medical education

12

13.

14.

15.
16.

17.
18.
19.

20.

21.

22,

Adams CE, Jayaram M, Bodart AY, Sampson S, Zhao S, Montgomery AA. Tweeting links to Cochrane
Schizophrenia Group reviews: a randomised controlled trial. BMJ Open. 2016; 6:e010509. https://doi.
org/10.1136/bmjopen-2015-010509 PMID: 26956164

Trueger NS, Bokarius AV, Carroll S, April MD, Thoma B. Impact of a physician-led social media sharing
program on a medical journal’s web traffic. J Amer Coll Radiol. 2018; 15:184—189.

Hawkins CM, Hunter M, Kolenic GE, Carlos RC. Social media and peer-reviewed medical journal read-
ership: a randomized prospective controlled trial. J Amer Coll Radiol. 2017; 14:596—602.

COUNTER. Project Counter. Retrieved 17 May 2019 https://www.projectcounter.org/about.

R Core Team. A language and environment for statistical computing. Retrieved 17 May 2019 https://
WWw.r-project.org.

Wickham H. ggplot2: Elegant graphics for data analysis. New York: Springer, 2016.

Venables WN, Ripley BD. Modern Applied Statistics with S. New York: Springer, 2002.

Haustein S, Peters |, Bar-llan J, Priem J, Shema H, Terliesner J. Coverage and adoption of altmetrics
sources in the bibliometric community. Scientometrics. 2014; 101:1-19.

Thoma B, Murray H, Huang SY, Milne WK, Martin LJ, Bond CM, Mohindra R, Chin A, Yeh CH, Sander-
son WB, Chan TM. The impact of social media promotion with infographics and podcasts on research
dissemination and readership. CJEM. 2018; 20:300-3086. https://doi.org/10.1017/cem.2017.394 PMID:
28899440

Cardona-Grau D, Sorokin |, Leinwand G, Welliver C. Introducing the Twitter impact factor: an objective
measure of urology’s academic impact on Twitter. Euro Urol Focus. 2016; 2:412-7.

Saxton GD, Niyirora JN, Guo C, Waters RD. #AdvocatingForChange: The Strategic Use of Hashtags in
Social Media Advocacy. Adv Soc Work. 2015 Jul 27; 16(1):154—69.

PLOS ONE | https://doi.org/10.1371/journal.pone.0223992 October 16, 2019 8/8


https://doi.org/10.1136/bmjopen-2015-010509
https://doi.org/10.1136/bmjopen-2015-010509
http://www.ncbi.nlm.nih.gov/pubmed/26956164
https://www.projectcounter.org/about
https://www.r-project.org
https://www.r-project.org
https://doi.org/10.1017/cem.2017.394
http://www.ncbi.nlm.nih.gov/pubmed/28899440
https://doi.org/10.1371/journal.pone.0223992

