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METHoDS

An exempt certification was obtained from the UCSF Committee 
on Human Research. 

Data Extraction

We collected tweets from each day of the week (Monday-
Sunday) over a period of 7 wks (July 26, 2010 and September 
12, 2010) to obtain tweets from a maximum number of unique 
users and to ensure that all days of the week were represented in 
the dataset. Tweets were collected using the search terms 
“toothache OR tooth ache OR dental pain OR tooth pain”. We 
developed a software utility, using the Python programming 
language, to mine Twitter as a data source in near-real time. The 
program utilized the Search and User portions of Twitter’s 
Application Programming Interface (API). This allowed us to 
automate the extraction of tweets meeting the search criteria and 
correlate them with the author’s user information. This process 
occurred daily and constrained the search to tweets authored 
during the previous 24 hrs over the seven-week period (JP). 
From this dataset, 1000 tweets were randomly selected for 
analysis. Results could refer to experiences of dental pain which 
was currently occurring or had occurred in the past, or the user 
could be anticipating future pain. Since our search criteria 
utilized words in the English language, our dataset consisted 
primarily of user content posted in English. No attempt was 
made to obtain content in other languages. 

In addition to collecting the user-generated post or tweet, we 
extracted non-private user-specific information, including 
identification number, user name, profile name, profile picture, 
self-identified geographic location, TweetID (a unique number 
given to each tweet), number of status updates, and number of 
followers. Gender was coded by using profile name, user name, 
and picture. Geographical location was coded using the user-
identified location, if provided, or the time zone. 

Criteria for Inclusion and Exclusion

All criteria for inclusion or exclusion are based on the content of 
the tweet and not on any Twitter user parameters. All content 
meeting the search criteria were included in the initial dataset, 

from which 1000 tweets were randomly selected. Content was 
excluded from the dataset of 1000 tweets for any of the 
following reasons: (1) Content was re-tweeted (meaning that 
this tweet was re-posted by a user who is not the original 
author); (2) content was unrelated to dental pain (e.g., ‘You’re 
so sweet you give me a toothache!’); (3) content was in another 
language (e.g., used English word “toothache”, but remaining 
content was in another language); (4) content was a subsequent 
post from the same user (i.e., only one post was analyzed per 
user); or (5) the content was un-interpretable for any other 
reason. This resulted in a dataset of 772 tweets for analysis. 

Further Information on Coding Strategy and Protocol

The primary category represents the major themes that were 
communicated in tweets meeting the search criteria and not 
mutually exclusive, so one tweet could meet the criteria for one or 
more primary categories. Once the primary category or categories 
of the tweet were determined, we evaluated which secondary 
category or categories were applicable (for examples, see Table 2 
in the main paper). These secondary categories are also not 
mutually exclusive, with the exception of those falling under the 
primary category “Statement”. The Web-based application 
Google Forms was used for data entry such that the coder had to 
answer whether the content of an individual tweet related to each 
of the 14 primary categories. If the coder indicated that the tweet 
met the criteria of one of the primary categories, he/she was then 
prompted with subsequent questions relating to the relevance of 
secondary categories. The data were compiled by the application 
into a Web-based spreadsheet that was converted into an Excel 
(Microsoft Excel 2008) spreadsheet for further analysis. 

Inter-rater Reliability

To measure inter-rater reliability, two investigators (NH, BG) 
extracted and coded 100 tweets from the primary dataset. Inter-
rater reliability for each category was calculated by Cohen’s 
kappa [mean κ = 0.96, 95% CI, 0.95, 0.98; percent differences 
(mean PD = 0.96), 95% CI, 0.95, 0.98], and prevalence-
adjusted, bias-adjusted kappa [mean PABAK = 0.93, 95% CI, 
0.90, 0.95]. PABAK is a variation of kappa that is determined 
only by the proportion of observed agreement between two 
raters (Cunningham, 2009). All measures indicate very high 
agreement between the codes selected by the investigators.
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Appendix Figure. Number of tweets extracted per day for 7 non-consecutive days using the designated search terms “toothache” or “tooth ache”, 
“tooth pain”, and “dental pain”. The total number of tweets extracted in the sample was 4859.
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